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OPERATIONS EVALUATION GROUP STUDY 
No® 284

ANALYSIS OF TEST DATA FOR COMPARISON OP 
VARIOUS AliTI-AIRCRAFT FIRS CONTROL SYSTEMS

References? (a) TF69/S71 Serial 015« ^CTFßS Test P^5, Test©
of Perfonuance of 5 ”/38 Control Systems Hark
51 Director (40 mm ballistios), nark 52 Direct­
or* Mark 57, Mark 65, Mark 37 Directors*11 
S3 July f45s Gonfidentlal,

(b) Coia0pD©vFor/S71 Serial 83 , "CTF69 Test P-5 
(Revised)” « 23 Jan f46, Confidential®

(c) TF 6 9/S 71/S74 Serial 87* "CTF69 Exercise Z-6*
AA Practice nK5i (Kamikase) Rev® A )<4 25 Aug
145, Restricted«,

Enclosuress (A) OEG Study #248* "Mathematical Background for
Evaluation of AA Firing Tests*9» 2 Jan *48«,
ConfIdential*

(B) OEG Study #262, “Method for Testing Reliability 
of AA Gunfire Data.” 25 Feb *46, Restricted*

A® introduction

1® The tests described in references (a) anji (b) v/ere designed 
?it© compare and evaluate, through shipboard firing at maneuver»» 
ing drone targets * existing, modified or new AA fire control 
systems as to ability to produce hits, tracking performance 
and suitability for fleet use of the operational and main­
tenance characteristics incorporated in the system” ® The 
present Study is a report based on the analysis of data ob­
tained during the execution of these tests»

B» Th® P-5 Test Method

lc This test is fully described in reference (b)« Briefly5 
it consisted in firing 5"/38 V*T. fused non-fragmenting 
ammunition, from batteries under control of various Fire Con« 
trol systems, at actively maneuvering TD2C drone targets*

2& Four types of target approach runs were used* *»

G«at: glider-like runs directed at the firing ship,(the 
if-X type of run described in reference (b)}|

«1
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G-ahead: glider-like runs directed toward an imaginary 
TEIp 750 to 1000 yards ahead of the firing ship,
(the K-2  runs of reference (b ))|

T-at: torpedo-llke runs directed at the firing ship,
CV-1 runs of reference (b))| and

T-aheadj torpedo-like runs directed toward an imaginary 
IEXp 750 to 1000 yards ahead of the firing ship, (the 
V-2 runs of reference (b))*

The four types of runs were used in the testing of each type 
of Fire Control System. They were repeated until preliminary 
analysis of the data showed some evidence of adequate sampling.

3« The several Fire Control Systems under trial were operated 
in accordance with established doctrine# Except where noted, 
tracking was exclusively under full optical control. In the 
systems vshich include radar equipment, radar was used for range 
only* No arbitrary spots were applied to correct for target 
maneuver or errors in the systems*

4o Observers were stationed in various parts of the firing 
ship to report the results of gunfire. The number of premature 
bursts of 5 "/33  VT fuzed ammunition as well as the number of 
presumably target-triggered (hit) bursts was recorded. All 
shoots were photographed by an Atlantic Fleet Camera Party, 
using the two or three camera method, as a check on the 
obs e r ve r s * rep or t s «

5® Reports submitted by the firing sh5.p included the number 
and type of run, the type of Fire Control used, the number of 
guns firing, the rate of fire , the lot number and normality of 
the ammunition, the number of rounds fired, the present ranges 
of open and cease fir e , the number of seconds spent by the target 
in each 500 yard range band (present range), the number of 
prematures, the number of hits and present range of each hit, 
as well as much such additional data as wind, state of sea, etc.

r.* The Fire Control Systems Tested

1* Seven systems were subjected to the tests discussed above*

a) Mark 37 - 1 System
‘Dire c € or“ - Mark' 37 Mod 
Computer - Siark 1 
Radar - Mark 12 Mod Q 

Mark 22 Mod 0

-2-
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b) Mark 57 ~ 8 System
DÎT e c t oF“^îIirE  37 Mod 
Computer - Mark 8 
Rader - Mark 12 Mod 2

Mark 22 Mod 0

c) Mark 51 .«> 5n System
Dir©c'EoF~̂ i,'ia>?!F“51 IJod 5
Gun Sight - Mark 15 Mod 5 («5” ballistics)
Radar - non©

d ) /lark 51 - IIMG System
*~TI3FeclJor^~MarF,“El Mod 5

Gun Sight « Mark 15 Mod 11 (40 Bi.ni» HMG ballistics)

©) Mark 52 System
~~^IFocioF - Mark 52 Mod 5

Gun Sight - Mark 15 Mod 5 (5 f,ballist£cs)
Computer ~ Mark 13 
Radar ~ Mark 26 Mod 3

f ) Kark 63 Sya tem
IH^rector -» Mark 51 Mod 6
Gun Sight - Mark 15 Mod 12 (40 mm IIMG ballistics) 
Radar - Mark 28 Mod 2

g 5 Mark 57 System
Diroctor f,iark 57 Mod 1
Computer - Mark 17 Mod 1

Mark 15 Mod 1
Radar - liark 29 Hod 2 (until Dec *45)

Mark 34 Mod 10(Dec *45 on)

D® Ships Concerned in the Test

Xe> These tests were conducted aboard the !JeS .S a WYQUING (AG-17 
during the period 27 July 1945 to 8 February 1946, in the waters 
of Casco Bay, Maine, and the offshore region of the Norfolk to 
Cap© Hir.y areas* The data obtained by this ship forms the smia 
body of the material which will be analysed in this Study.

2 a A number of other ships participated in these tests* 
but the data collected by them u ill  be used only for purposes 
of support and comparison. The following is a partial list ©f 
these supporting ships:

Radar - none
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ÜSS BR1SMERTGM , CA 130
uss BUCKLEY, DD «6* 808
USS TUCKER, DD » 875
Ü5S L3ARY, DD •m 879
USS TWEEDY, DS » 532
ass MCDCuGAL, AG 126

S » Observât?-on a

1. Number of Runs - The WYOMING conducted 262 firing runs 
againslTYîÎ32Ü Dr one targets* Two hundred and thirty-three of 
these runs (8S£) furnished sufficiently reliable statistioal 
date to warrant thsir inclusion in this analysis* The dis­
tribution of those runs among fcho various Fire Control systems 
investigated and the corresponding ammunition expenditures 
are .^iven in Table I. The larger number of rounds per run 
shown for the 37~1 and 07-8 Systems reflects the fact that 
most of the firing with those systems was done with four, 
rather than two, barrels*

T&BTo^TT DTâTrIBü¥IHT151^^~iul2"Ifuns*'Among the Various Five"

Hir Using Fixed Lin© of Sight (No load angle)

System 37-1 37-8 52 57 63 51
ÏÏMG

51-
5»

51-
5”
*

51-
HMG

*
Total

fr-at 10 9 7 7 6 6 8 2 4 59
No. jG-at 15 12 7 6 6 8 5 6 3 68
of /  T-ah 10 7 7 6 7 6 6 1 2 52
runs \G-ah 8 Ô 6 6 5 6 8 5 4 54

(Tot. 15 27* 25' 25 25 27 15 235
Total" Wo.

Rounds 2903 2007 859 731 634 451 523 281 169 8558

Rds/Rua____ 67*5 59 .0 31.8 29 ,2 26*4 17.3 19 o 4 20.1 13,0 36 ,7
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2e Reasons for Discarding Huns •  Of the 29 firing mna which 
had to be 'discarded on 1 y twelve1 could be classed as due to 
equipment casualty; one wags a radar failure associated with 
the Mark 52- Fire Control System* two were mount casualties 
and the remaining nine were eliminated because the Mark 37«8 
System was found to have been 15 minutes off in train afte^ 
completion of the runs* Eleven runs could not be used be« 
cause smoke obscured observation of hits or because one 02? 
more items had been omitted from the required datsu A 
summary of runs discarded is given in Table lie

f&Ble II o 0a u s e s r  or Eliminating Cei^Tn FlHIig
Runs From the Analysis

Cause Director System
No« of1 Runs 
Discarded

Inadequate data Several“ i"i
Director casualty 37-8 9
Mount casualty 37-1 2
Radar casualty 52 1
Poor drone maneuver Several 4
personnel failure 57 2

5e Record of Runs Made by Supporting Ships - The record bf 
runs and ammunition~expend^ifcures~by supporting *shipg was kept 
only for those instances in which the data was such that it 
could be used for comparing performance of any given Fir© 
Control System among the several ships concerned* These 
details are given in Table III»

T&lble III*  ’WtFTFulTion~oF^TrIng^Runs~Among the Various

Ship
- &ysiem

51 52 63 37«1 TfeTaT”
Runs Rds Runs Roe Runs Rds $uns Rds Runs Rds

BRiSSiERTOM CA-130 1 21 18 525 19 546
BUCKLEY DD-808 7 147 9 197 11 563 27 907
TUCKER DD-875 2 51 14 575 16 606
LEARY DD-879 8 398 8 398
TvViSEDY DD-532 8 143 8 143
MCDOUGAL AG-126 «no. ._«*„. — -—.1 --— _9 486 _9 486

Total 10 199 8 143 9 197 60 2547 87 3086

. 5-



4* Record of Ammunition Normality - All 5 "/56  VT fuzed non- 
f ragsEsrftTng'"iSunition used "was sub jected to the V .T . Fuze 
performance tests in accordance with Bureau of Ordnance 
doetrine* When firing from a specific lot of ammunition had 
to he extended over a protracted period of time the performance 
tests were repeated. The record of such ammunition used in 
the x̂ uns available for statistical analysis is given in Table 
IV* It should be noted that In general the percentage of 
prematures observed in practice is nearly always less than 
the average shown in the tests of a given lot*

(L0)0319~4S
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Tafele IV* Record" "of"Ammunition Performance

Mark & 
Mod,

Lot
Number

Amount
used

Observed
Number

prematures
Percent

% Prematures 
Scored in Test

53 ~ 2195 558 46 8.2 7 .0
55 - 2386 740 32 4*3 6.0
53 - 2171 439 24 5 .5 12.0
63 - 2173 1794 180 10.0 24 .0
53 - 2253 1707 101 5 .9 14.0
53 - 2255 1582 115 7 .3 6.0

53 - 6 2283 1822 100 5.5 7 .0
6 3 - 6 2279 1120 81 7 .2 6.0
53 - 6 2303 934 62 6. 6 9 .3
5 5 - 6 2351 399 56 14 .0 20.0

Totals ( 10) 11095 797 aver. 7 .2 aver* 11.1

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

Qv TD2C Drone Performance - While it was not always possible 
to obtain"the same~ degree"of weaving and jinking in consecutive 
runs, there was a high degree of similarity in the over-all 
relative amount of maneuvering of drones among the various 
Fir© Control systems and among the four types of runs for a 
given system»

There was considerable fluctuation in the speed attained 
by the drone both during the approach run and from run to run# 
The average speed of the drone in glider-like approaches was 
150 knots, while the average speed In torpedo-like runs waa

-6
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150 knots. This difference is considered statistically 
significant. There was no significant difference between 
runs mad© at the ship and those made at an imaginary ship 
750 to 1000 yards ahead of the firing shlpP

6* Rate of Fir© - The average rate of fire established by 
the YJTOIUSG during 218 observed runs was 16« 3 rounds per gun 
per minute* This rate varied from 7 to 26 rep*g&p*mo with a 
standard deviation of 5*6 rflp.g.p.nu This average rate of 
fire was slightly more than 17 in the period preceding the 
last' few weeks of firing.» A frequency distribution plot 
illustrating this fluctuation is presented in Figure 1,

There was no significant difference in average rate of 
fire between the various Fire Control system^ between torpedo« 
like and glider-like runs, or between the runs directed toward 
and ©head of the filing ship®

7* Qbservati on of VVT. Bursts - There was far better agree­
ment Be^SerT groups~o3F“' observers reporting apparent target- 
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*Bfs were missed by the photographers because 
of smoke interference* vibration and shock which throws either 
the target or the burst out of the field of one camera, and 
other causes * It is considered that well trained teams of 
observers constitute the best available means of scoring 
results. Nevertheless9 photo-analysis is often extremely 
valuable in supporting observer results in questionable cases«

A series of nearly 300 bursts in which the error in range, 
as determined by photo-triangulation, did not exceed 100 yards 
has been examined* The average radial error of these bursts 
is 57 feet«, A histogram showing the frequency distribution 
of these radial errors is given in Figure 2. A plot of these 
bursts in a plane through the target perpendicular to the 
trajectory Is given in Figure 3, These data are summarized 
in Table V.

CjQNF IDEM TIAL

c l a s s i f i e d

•7-
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Ts*5Te“'VT DTslTr ibutYon”oT^V'.T". ’BurstsTvtHose Range Error As
Determined by Photo-triangulation Doss Not Exceed 
100 Yards _________________  _____

RadrarTrror 
in feet

Elevation
+

Error
I T Total

Normal Distribution 
^  s 3 0  feet

0 - 2 0 19 32 8 59 56
20 - 40 62 52 4 118 110
40 - 60 29 55 0 64 77
60 - 80 13 16 1 50 50
80 - 100 1 5 0 6 7
over 100 __2 2 0 4 1

Total 126 142 13 281 281

Percent 45 51 4 100

It should be noted that 96.5^ of these recorded bursts 
have a radial error of less than BO feet* More bursts 
were obtained below the target than above it , this trend 
being reversed in one interval - the interval which contains 
the most bursts. In the right hand column of Table V are 
listed the expected number of bursts in each 20 ft* interval 
if the bursts wore normally distributed about the target 
with a standard deviation of 30 feet*

In spit© of the fact that phototriangulation methods 
for determining error in range yield values which are accurate 
only to within £ 50 yard3# a frequency distribution of range 
errors for these V.T. bursts is given in Figure 4, The mean 
absolute error in range is 21*6 yards, and 97 .2$  of the bursts 
were within SO yards of the target.

Tills photoanalysis data therefore strongly supports the 
original assumption that any V.T. burst with a range error 
not exceeding 3.00 yards and a radial error not exceeding 80 
feet would be considered a target-triggered burst (T .T .B .)*

Fo Analysis of WYOMINCr Data

ffQthod •» The measure of effectiveness which Is to be used 
in thTs^analysis for estimating the performance of a particular 
Fire Control system is based on the number of hits obtained per 
effective round fired at the target. The methods employed

-8-



(LO)0319-46 
2 April 1946

in analysing the test data are given in detail in enclosures 
(A) and (3)« The procedure, briefly involves the following 
steps i

a) Conversions by graphical means* of present ranges of 
open and cease fire to advanced ranges®

b) Calculation of the number of effective rounds fired 
into each 500 yard range interval from the data on 
open and cease fire ranges, normality of ammunition* 
time spent by the target in each rang© interval and, 
except where otherwise indicated9 a rat© of fire 
assumed to b© uniform throughout the run*

c ) Summation of these calculated figures for each Fir® 
Control System by type of run-, and ©Disputation of the 
number of target-triggered burets (T • T . B . v3} per 
effective round for each 500 yard range interval©

d) Computation of the erpected number of T ,T *B»ss in each 
500 yard rang© interval with a standard rate of fire* 
speed of target and normality of ammunition9 so that 
various Fir© Control systems may be compared»

e) Calculation of probabilities either of obtaining at 
least one hit on a TD2C or of splashing a target with 
guns under a given Fire Control system.

Number of Target^triggered Bursts (T .T .B .*s )  per Run per«yaw-—-—»»'••■'«■■ii» ... .*wp' "»"m '■» mninMmraf» ...T’ — *mmpm
Barrel-  In the 188 standard firing runs conducted during this 
test an average of approximately one TTB per run per barrel 
was obtained* This number varied from 0 to 4 with a consider«* 
able amount of scatter for all Fire Control systems» A 
frequency distribution table illustrating this fluctuation 
is given in Figure 5* There was no significant difference 
in the average number of T *T .B .?s per run per barrel obtained 
with the various Fire Control systems, or beti^een torpedo­
like and glider»like runs. Thore was, however, a significant 
difference in the average number of T .ToB .fs scored in runs 
mad© at the ship and at an imaginary ship 750 to 1000 yards 
ahead of the firing ship, approximately twice as many T *T*B .gs 
per run per barrel being scored on ”atff as on "ahead" runs*

Number of Target^triggered Bursts (TTB®©) per Effective
. Round rir^cr°TH^lacK'.BXXT Yard Range Interval - The average' nuiaber
oTTOBTb per erfettllFe"^ounci fired in eacif’SOO yard range inter- 
val for the various fire control systems Is given in Table VI* 
The results are plotted in Figure 6 after combining data for 
similar systems*

»9
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TaBleVi" Number ot Target-triggered Bursts Per Eifective 

Round Fired in Each 500 yard Range Interval»
Fire ControlTsys€sm

51« bl- Average
Range in 
100 »s of
yards 37-1 37-8 52 57 63 HMG 5"

5 - 10 *058 .050 .243 .225 .382 .274 .291 *218
10 - 15 .205 .125 .144 .250 .257 .296 *262 .220
15 ~ 20 .088 .148 .192 .152 .187 .068 .229 »152
BO - 25 .083 .127 .056 *143 .4256 »150 .142 .129

25 - 30 ,066 .054 .013 .114 *068 *085 .039 *065
50 « 35 .049 .058 .000 *016 .056 .122 *161 *066
55 « 40 .010 .013 *000 .063 «018 .400 *047 *079
40 » 45 .030 .050 .051 .043 .040 »000 .036
45 - 50 .010 .000 .000 .027 .072 *000 .018

50 — 55 *043 .000 .000 .000 *000 *000 *007
55 - 60 .012 . 010 .000 .000 .000 *000 .004
SO » 65 .000 .018 .000 .000 .004
65 - 70 .000 .033 . 092 .031
70 ~ 75 .000 .000 .000

75 - 80 .020 .000 .010
80 - 85 .000 .000 *000
85 - 90 .000 .000 .000
90 - 95 .000 .000

In Spite of the lower performance of the two Mark 37 Fire 
Control systems in the range Interval 500 * 1000 yards, it 
can be seen in the above table and in Figure 6 that the aver­
age number of T .T .B .*s  per effective round fired in each range 
interval in general decreases rapidly with increasing range. 
Usually, less than one percent of the effective rounds fired 
at ranges beyond 50C0 yard3 were triggered by the maneuvering 
TD2C drone, and none were so triggered at ranges in excess 
of 8000 yards.

4.
(TTB)

Probability of Scoring at Least One Target-triggered Burst 
on a Maneuvering^ro^c Drone with one Barrel l?lre -

rivehesa has been calculated I'or each
Pire Control system according to type of target approach

-10-
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Cat and ahead runs) and overall performance (all runi combined )*> 
These calculations were extended to e&oh of the fovs? tjpm  @f 
ran made tfith ©&eh Fir© Control system but sins® n® ®tati«tS,eall^ 
signlfic&nt differences could be established with mach small 

the individual results are omitted tram, this Study®
The results of the other calculations as?© presented in Figure®
7 to 25»

Each of the above figures shows the our-v® of accumulated 
probability of scoring at least one on an approaching
and actively maneuvering TD2G drone target9 with one tmrral 
firing under the control o f a'particular Fir® Control system 
and under the following conditions!

Th© degree of statistical reliability for each point on & 
"curve is indicated by a vertical line extending abov© and 
b©!ow the point® The average advanced range of open fir® is 
given at the beginning of each curve*

-j
Certain similarities and difference® between Fire Control 

systems and between types of target approaches become evident 
in a atu&y of these eurv@s0 A few of these are indicated in 
the following notesg

a) The Mark 37«» 1 System CFimires 1 and 8 ) - The curve of 
aocurnHfa€©H^prooaMTity (all runs) rise® at a fairly 
uniform rate to a ran3© of around 1500 yards after 
which the rate drops off fairly rapidly® -.tfhan runs 
made at the ship are .compared with-runs made ahead 
of the firing ship* the accumulated probabilities 
show-a marked and statistically significant difference 
throughout the firing range®

h) The Hark 57-8 System (Figures 9 and 10) - Tfe© ©uw© 
o T^ccu^IlTeH proBab  i 1 i ty (all run®) shows a g @ n « I  
resemblance to that of the Mark 57»1 System* Ther@ 
is no consistently significant different© in the 
accumulated probability curves for at and ahead rune«

Eat© of Firei X? rds/bfel/min«

Ammunltlon
Type s 5 ts/58 V*T« fused
formality § 0 e75

Target Speed
Runs § ISO kn©ts

w Runs s 150 kn©t&

-11-
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g ) The Mark 57 Sy steal (Figures 11 and 12) - The curve 
oIT  ae cumulate cl probability (all runs) rises at an 
almost constant rata. The change in rate at the 
shorter ran^e, as shown in the Mark 37 systems* is 
not apparent here. The curves for at and ahead runs 
are almost identical®

d) The Mark 6o System (Figures 13 & 14 ) - The curve of
acctxS5XS?E©5 probability (all rune) follows very closely 
that of the Nark 57 system. There is no consistently 
significant difference in the curves for at and ahead 
run So

e ) The Jl&rk 52 System (Figures 15 & 16) - The steep rise 
inoin"!iGre in The curve of accumulated probability 
(all runs) reflects the high score in T .T .D fs per 
effective round obtained with thi3 system at ranges 
less than 2000 yards compared with the very low 3core 
at ranges greater than S000 yards. There is a 
statistically significant difference in the at and 
ahead run curves of probability, but this should be 
Interpreted with considerable caution. The low 
score on ahead runs is due entirely to the poor 
performance of this system on !'T ahead" runs j a total 
of only 4 i.T .B#*3  having occurred out of 188 effective 
rounds fired in these six runs.

f ) The Hark 51-HtflG- System (Figures 17 & 18) - The curve 
oT accusaulateci"pFo&aBTlity (all runs ) rises steeply 
and with almost no change of slope, when the curves 
for at and ahead runs are compared there is a 
statistically significant difference between them 
but only at ranges of less than 1500 yards.

g) The Mark 51-5,f System (Figures 19 & 20) - The curve of 
accumuTaEecf proHalSTTTty (all runs) resembles that of 
the Mark 61-iiMGr system but there is a slight flattening 
in the slope at ran res less than 1300 yards approximately. 
There is no statistically significant difference 
between the curves for at and ahead runs.

-12-



h) Mark 51-5fs System Uoins a pre-set Pixsd Hang© of 
S650~yar53 ~ (FIgarb S I ) The curveof accumui&ted 
pr obaoII£ %  fall runs) for this special data is 
presented in Figure 21. There were too few target- 
triggered bursts on ahead runs to warrant statistical 
comparison of at and ahead runs*

15 Comparison of Fire Control System Performance - Os
the basis of "iKe aBove” analysis a series of Freliminary 
•conclusions on the comparative performance of the 
various Fir© Control Systems can fee reached. These 
w ill be discussed in terms of performance on all runs 
combined and of performance* on runs mad© at and ahead 
of the firing ship.

1(1) Overall Performance (Figures 22 and 23* all runs 
combined) « There" is no. consistent, statistically 
significant difference In the performance of the 
Fir© Control systems I'arks 57* S3* 51-5” and 51-IIMG 
in the control of 5 ”38 V .T . fused 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 ).
There Is no statistically significant difference in 
the performance of Mark 37-1 and Mark 37-8 Systems 
nor in the performance of these two' systems when 
compared with the performance of the systems Marks 
57 , 65 P 51-5" and 51-HiiO at ranges of 2000 or more 
yards» At shorter ranges than this the two Hark 37 
systems show a less efficient performance tuan that 
of the other systems named and the difference is 
statistically significant* The performance of the 
Hark 52 system at ranges greater than 1500 yards is 
significantly inferior to that of any other system, 
but its capacity to score T .T*Bfs at shorter ranges 
is quite high. (Figure 23 ) 0
When a fixed ranr,e of 2000 yards is pre-set into the 
f'ark 5.1-5” the record of performance of this system 
is reduced to approximately one-half (Figure 22 )e 
No T .T .B .1s were scored with the Mari 51-HMG 
system in the 13 runs during which it was operated 
with a fixed line of sight (no lead an?!®)*

( LO )0319-46 fiA tO r*
Q April 1946
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1(2) performance on nAt” Run© (figure 24} «. There Is 
Ho^iTgnTFieaHF’̂ n T iF in c e  between all the Fir#
Control systems tested in their p©sformane® against 
a TD2C drone making its approach directif afe the 
firing ship®

1(3) performance on "Ahead” Runs (Figure 25) ~ In their
porromane® against TD2C drones making th©l? approach 
at an imaginary ahip 750-1000 yard® ahead of th© 
firing ship* the Fire Control systems tested fa il  
into three general groups « Th® highest fcp»© of 
performance occurs with the Marks 51-5" *6*7* 65 
57-8 systems9 and there is no significant difference 
between them* The Mark 51-HMG does less we11 at 
ranges under 2000 yards© Performance on these runs 
is least good with the LSark 57«! and Mark 52 and 
the difference between these system® and th© other© 
tested is significant at range® of 2500 yards? or 
las So

5 « The probability of Splashing a Typical Qperational Target 
With One BarreTTIFing -

a) The previous comparison of fire control systems was 
based upon the probability of obtaining at least one T«T«B. 
on the maneuvering TD2C drone target with one barrel 
firing at the rate of 17 rounds per minuto* Another 
comparison is that based upon the probability of splash- 
ing a typical operational target with one barrel firing«. 
Although the results obtained with this method, of com­
parison may not differ from the results obtained with 
the previous method in sense, differences among the 
various fire control systems should be more apparent«

In order to convert T .T .B .*s  on the drone into 1sthai 
bursts on an operational target^ it is necessary to 
assumo some value for *< * the probability that a ToT*B. 
on the drone w ill be a lethal burst on the operational 
target«, In comparing the performances of various fir© 
control systems any reasonable value of <*, may be ua©de 
the resulting comparison being valid for the particular 
target vulnerability characterised by this value of ot- « 
Since It is generally believed that on the average thre© 
or four target-triggered bursts were required to splash 
a typical operational target in World, Y/ar II  e a ?alus of 
<3< s Oc25 will be used in making this comparison»
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The value Q»25 checks well with the values of 
derived In Appendix A of enclosure (A) from measured 
values of the burs,fcy area and th® lethal area of the 55 lb» 
VT-fuzed projectile against an operational target* at 
ranges of 3000 yards or less and for a shooting error of 
the magnitude to be expected with a maneuveiling targets 
Although it is shown in enclosure (A) t h a t ^  may b© 
expected to vary with range, little error will be intro-» 
duced by assuming a constant value of c< since most of the 
T .T *B »fs were scored at 3000 yards or less. Although 
more T .T .B .fs are to be expected against an operational 
target than against the drone target*, most of these 
additional bursts will occur at large distances from the 
target and hence will contribute little to the lethal 
area*

b) Using c\ = 0 .25  and target speeds equal to th© speeds of 
the drone targets used in the tests, the probability
that an operational target will be splashed before it 
reaches a given ran^e from the firing ship by th© gun­
fire from one.barrel firing at a standard rate a® con­
trolled by various fire control systems was computed®
The results are presented in Figures 26* 27» and 28b 
As was to b© expected, the rankings of the various fire 
control systems remain unaltered but the relative 
differences are larger* As decreases« the ratio of 
two probabilities of splashing approaches the corresponding 
ratio of the expected numbers of target~triggered bursts 
presented below*

c) The results presented in part 4 above may b© inter­
preted as the probability of splashing the target with 4 
barrels firing if ^  = 0*25.

6* Expected Number of T .T .B . fs with One-Gun Fire*-

a) The probabilities presented in parts 4 and 6 above were 
computed from the formula

P = 1 - e~R

If H is the expected number of T*T*B*»si) then J? Is 
the probability of scoring at least one T«T.B« If H 
is the expected number of lethal bursts, P is the
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■ U N C L A ^ ^ ' ^  
probability of splashing the target o A comparison^of 
fir© control systems in terms of the exponent H is 
of inter set and for many purposes its mere inf orssatiw 
than the previous comparisons® For ©scampi© 0 if tfes 
expected number of T .T .B .9s with one system is twice 
that with a second system» twice a® many barrels must 
be controlled by the second system as by th© first system 
to obtain the same probability of splashing th© targets

b) Th© expected number of 'T*TaB „8s with on© barrel firing 
ia plotted in Figures 29 and 50 for the various fire 
control systems« As before* the results are cumulative& 
that is 9 the value shown for a given range is the expected 
number of T .T *B «Es by the time the target has approached 
to that range« Although the differences between fire 
control systems appearJlarger her© than in the corres­
ponding probabilities presented in part 4 P the remarks 
mad© in part 4 concerning the statistical reliability 
©f the differences still  apply®

Qo Analysis of Data Contributed by Supporting; Ships

1« Limitations - Th© -information -submitted by ships other 
than T O U O T H a  was necessarily less exact and less complete 
than could be provided by the more eacperienced gunnery and 
photography staff of the larger ship« A fair portion of the 
shooting was done without photographic recording and the - 
number of runs made by each ship for the various fir® control 
systems was* of course* quit© limited« Within the above 
limitations the data does furnish soma interesting comparisons, 
but because th© statistical sample is small the results :Of 
analysis should be treated only as indications a© trends 
or as tendencies®

2* Comparative Performance of the Mark 37 «»1 Fire Control 
System - Figure "IT  ihowF^the ^curvel* © Fliccum uii^F^oFabXlitiea 
of scoring at least one ToToB* on a ‘maneuvering TD2C drone for 
each supporting ship and for the all-run perf@ M a© i of this 
system on'the WYOMING® Th© number ©f run® made by each ship 
is given below the name of that shipe The run-to-run variation 
and the smaller number of runs for any given system makes the 
axact placement of the probability curve far-more, difficult 
than is the case with the Vt/YOivlIMG runs© Some of the differences 
in performance of various ships is nevertheless a limit leant«
The BREMERTON1s Mark 37-1 performed very well at ranges of 
500G yards or less* while that of the LEARY arid the M0XXKJ3AL 
was decidedly inferior to the WYOMING9s at vexy short ranges« 
Performance of this system on the BUCKLEY wag. distinctly poor 
throughout its ranginof operation® ' The TUCKER9 «hose data 
presented tfye least amount ©f run-»to-run variation« ha® a Mark 
<§? probability curve mos\# nearly resembling that of th® WYOMING•
Th© curve for the WYOMING 1® ©lose to the average for all ships®



3. performance of the Mark 52 Fire Control System &a the 
TViEEDY - The curve oF^^uininiweH“' proba5TII^y~oF*~i^rIng at 
XeaslT^ons- T .T .B , with the Mark 52 Fire Control system aboard 
theTO^xSDY is based on only 8 runs all of the G«at type 5 
(Figure 32)* This is undoubtedly a very small sample upon 
which to base an estimate of overall performancep but it Is 
very different from that obtained for the WYOMING*s Mark 52 
either in all-runs combined or on G~at runs* only0 Thia 
tends to support the previous warning about the need for 
caution in interpreting the results obtained with the riark
52 System on the WYOMING*

4* performance of the Mark 63 Fire Control System on the 
BUCKLEYT Figure S’S’T  - In ’contrast “to Vhe "results' shown In 
Figure”T32 for the Mark 52 system, th© performance of th©
Mark 63 system on another ship, the BUCKLEY* is decidedly 
inferior to that obtained with a similar system on the 
WYOMING* A comparison between the performances of th©
Mark 52 and Llark 37-1 systems aboard the BUCKLEY (Figures 
31 and 33) shows, no statistically significant difference 
between the two systems« The record of performance of this 
equipment on the Buckley9 thereforee seems to invite 
comparison not of systems but of installation9 of method 
or of personnel performance®

5c Perf ormance of the Mark 51 Fire Control System ~
Several ships furnTshed data on the performance of" this 
system in controlling fire against TD2C drones but the 
number of runs for any one ship is so small and the run to 
run variation so large that significant comparisons cannot 
be made even on pooled data*

6» Conclusions ~ The most significant conclusion which 
can be oase&”“orr"this analysis of Supporting Ship data is 
that there is a large amount of variation in the performance 
of a given type of Fire Control system on different ships* 
Therefore^ if  valid comparisons are to be made in the 
performance of a given system on different ships the runs 
must be repeated until the results become consistent and 
homogeneous* It would appear as corollary to this that if 
the performance of a new system is 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 depend upon the variation from run to run for 
each of the two systems being tried« A great wealth of very 
reliable data has been gathered aboard the WYOMING by constant

(LO)0319-46
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repetition of runs* If the performance of a given system 
Is to be used as a standard for comparison by other ships it 
should likewise be based, on adequate data*

H» Analysis of WYOMING Data in Terras of Changes in Variablea«

1. Typical AA Fire Control System - It is of interest to 
estimate The '^ITecFTo^oe expacHied“up on the probability ©f 
splashing a target of changes in various factors* such as 
the number, of barrels or the target speed* Instead of making 
such analyses for each fire control system, th© analyses are 
made for a typical AA fire control system* Th© performance 
of this typical system is taken as the average performance
of the !,!ark 57 and r.iark 63 Systems aboard th© V/YOMXNG© The 
number of T .T .B . 's  per effective round for this average 
system is plotted in Figure 34p and is seen to be greater 
in general than the corresponding values for the average of 
all systems aboard the JYGL1MG shown in Figur© 6o

2, Variables Considered - The variables considered are the 
following T”

a) Overall.rate of fire*
(i) Number of barrels
(ii)Rate of fire per barrel

b) Target Characteristics
(i)  Speed
( l i )Vulnerability

The effect of change® in th© above factors can be estimated 
from the theory of enclosure (AJ* Another factor which might 
be considered is the initial velocity of the projectile«
The effect of a change in this quantity Is difficult to 
estimate and w ill not be Included her©| it w ill be the ©ubject 
of a later study.

3* Overall Rate of Flrea -» The effect to be expected upon 
the probability of spIasHirxg a target of a change in th© 
number of barrels or in the rate of fire per barrel or both 
depends upon the resulting change In th© overall rate of 
fire . Thus, doubling the number of barrels will have the 
same effect upon the probability of splashing as doubling 
the rate of fire per barrel©

<»18“
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The probability of splashing a maneuvering target 
traveling at the average speed of the TD2C drone if the 
probability is 0 .25  that a T .T .B . on the drone is a lethal 
burst on the target is shown In Figure 35 for various numbers 
of barrels firing« I It is assumed that each barrel is firing 
ammunition of 0*75 nor&ality at a rate of 17 rounds per minute*

The results shown in Figure 35 have been computed for a 
target velocity which is low compared with the velocities which 
are^to be expected in the future or even the velocities which 
are possible now« The probability of splashing a maneuvering 
target„ of the same vulnerability as before but flying at 
500 knots, is shown in Figure 36 for various overall effective 
rates of fire* The overall effective rate of fire is th© 
overall rate of fire multiplied by the ammunition normality*
The rates used in Figure 36 are equivalent to 4* B0 and 18 
barrels firing ammunition of 0*75 normality at a rate of 17 
rounds per minute per^ barrel* The assumption upon which the 
computation is based is discussed below*

4, Targi2t Velocity and Vulnerability* The results shown in 
Figure oQ for a" ta"?g¥t~veToc'it y 0 knots have been com­
puted upon the assumption that the number of ToT*Bd5s pel6 
effective round is independent of target velocity« that is*, 
it has been assumed that an increase in target velocity 
decreases the number of rounds which can be fired into each 
range interval but has no eff 0 ct upon the accuracy of fir©»
This assumption is discussed in. enclosure (A) where it is 
pointed out that the assumption is supported by operational 
data* if the amount of possible evasion is limited by th® 
amount of acceleration which the pilot or the airframe can 
withstand, the error du© to evasion will be. independent of 
target velocity. The tracking errors would be expected to 
increase with an increase in target velocity, However* since 
the error du® to evasion probably is much larger than any 
other error for a maneuvering target, the probabilities of 
splashing obtained from this assumption should be reasonably 
correct * although somewhat large.

It should be pointed out here that it has been assumed 
also that the guns can follow the gun orders at all tarpet 
velocities * This latter assumption may not be valid, especially 
at short and intermediate ranges when the target is rivin^ a 
passing course at a high velocity. Thus, the probahilities 
presented in figure 36 may be much too large at ranges less 
than .5000 yards for a passing course.
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The effect of target velocity upon the probability of 
splashing also is presented in Figure 57 along with the 
effect of target vulnerability» The curves were drawn for a 
target velocity of 500 knots and values of equal to Oo4^
0*2, and 0*1, showing the effect of decreasing th© target 
vulnerability. The top curve, which was drawn for v s SCO 
knots and ^  s 0 ,4 ,  is approximately the same curve which 
would have been obtained for v “ 150 knot a andc* § 0o2,
Similarly, the bottom curve is approximately correct for w s 600
knots and ^  = 0.2* Then, w ith», a 0 ,2  the effect of target 

velocity is shown by these curves*

5* Limitations«, The material presented in this section is 
somewFIt conjectural bat is based upon reasonable assumptions * 
However, it should be viewed only as an indication of the 
expected performance of one of the later anti-aircraft fir® 
control systems when operated by adequately trained- personnel 
using radar ranging and optical tracking under good visibility 
conditlonSe

Io Conelusions.

1* partial conclusions have been given at various places 
throughout the report* These conclusions are summarised 
here.

2o The following conclusions concerning the performances of 
various fire control systems in controlling 5 "38 guns firing 
¥eT. fuzed ammunition against an actively maneuvering TD2C 
drone target have been reached:

a) Qverail Performance - There is no consistents 
statistically signilTcant difference in the performance 
of the Fire Control Systems Marks 57, 65a 51-5fi and 
51-II MG other than that of the maximum range at which 
T .T .B « fs first occur» There i@ no statistically ®ig« 
nifleant difference in the performance of Mark 57-X and 
Mark 37-8 Systems nor in the performance of these tw© 
systems when compared with the performance of the 
systems Marks 57* 63ff 51-5” and 51-HMG at ranges of 
2000 or more yards» At shorter ranges than this the 
two i,?ark 37 systems show a less efficient performance 
than that of the other systems named and the difference 
is statistically significant* The performance of the 
Mark 52 system at ranges greater than 1500 yards is
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significantly inferior to that of any other syatem*, 
tut its capacity to score TTB*© at shorter ranges is 
quite high. When a fixed.range of 2000 yards Is pre­
set Into the Mark £1-5” the performance of this system 
Is markedly inferior to Its performance when operated 
with variable range setting*

b) Performance on wAtw Rims - There is no significant 
difTSrence be^ioon YTr'^Ee'fire control systems tested 
in their perforra&nce against a TD2C drone making its 
approach directly at the firing ship»

c ) performance on "Ahead” Ruos - In their performance 
ag&TnsT^SS^'^rone¥~maSIng tlioir approach at an 
imaginary ship 750-1000 yards ahead of the firing ship, 
the fire control systems tested fall into three general 
groups. The highest type of performance occurs with 
the Marks 51~£” , 57, 63, and 37-8 systems9 and there is 
no significant difference, between them» The '..lark 51-HKGr 
does less well at ranges under 2000 yards» Performance 
on these runs is least good with the I'ark 37-1 and
Mark 52 and the difference between these systems and 
the others tested is significant at ranges of 2500 yards 
or less.

d ) performance on Supporting Ships - The data from 
supporting ships was erratic! The amount of variation 
of the performance of a given type of fire control 
system on different ships was much .greater than the 
amount of variation of the performance of the various 
fire control systems aboard the WYOMING*

3, Other conclusions are as follows:

a) There was no significant dependence of the rate of 
fire per barrel upon the fire control system* the course 
of th® target, or the typo of run* However* the run-to« 
variation was large*

b) The use of trained observers stationed in various 
parts of the firing ship, plus the supporting evidence 
of photographs¡> Is an accurate means of recording data«, 
The cameras sometimes missed bursts or the target, but 
proved valuable in settling questionable cases»

Submitted bys

Cr'
G* R. POMiSRAT 
OEG

OEG
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Addendum To mG  Study No.2élf

Subjects Effectiveness of Director Hark 52 in Controlling 
5m/38 Antiaircraft Pire.

Reference:(a)OEG Study ITo. 261}., "Analysis of Test Data for 
Comparison of Various Antiaircraft Fire Control 
Systems” 9 Confidential, dated 2 April 19[*.6«
(b) ComOpDevFor Confidential File S71~3 Serial 
0251# "Effectiveness of Director ITark 5- 
Controlling 5” /38  Antiaircraft Fira ", dated 27 
July 19)4.6.

1« In reference (a) the Director Mark ^2 was 
reported to be the least effective system of the various 
systems tested by OpPevFor controlling 5 "/30  fire . The 
differences between the effectiveness of the Director Hark 
52 and that of the Directors Hark 51 and Hark 63 were dif«* 
ficult to explain* After reference (a) had been issued 
the reason for the poor performance of the Director Mark 
52 was found and reported in reference tb),

2* Almost tv;o-thirds of the runs with the Director 
Mark 52 were made with the Gunsight Hark 15 Mod,'3 Serial 
993 after a casualty to the Gunsight Mark 15 Mod, 15 Serial 
5290. All Gunsights Mark 15 Mods, 2 and 3 were defective 
and are to be corrected by ORDALTS 2260 and 2359, However*, 
neither of these ordalts had been applied to the sight used 
in the tests before the tests were conducted* ITnen the tent 
data are separated according to the sight used* the perform-» 
ance of the Director Hark 52 with the I-!od. 15 sl^ht is better 
than that with the Hod, 3 sight by a factor of at least two«

3* The results reported in reference (a) for the 
Director Mark 52 should be disregarded. The results of 
further tests with this director using a Gunsiftht Mark 15 
I.Tod, 15 will be issued by ComOpDevFor in the third and sue«* 
cossive partial reports on Project Op/séO/S71-$.

J* M. DOBBIE,
Operations Evaluation Group*
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Figure 8 
 
Probability of scoring at least one T.T.B. 
on a maneuvering TD2C drone with one-
gun fire. (B) Effect of target approach (T 
and G runs combined).   
 

Fire Control System Mark 37-1 
 Director - Mark 37 
 Computer - Mark 1 
 Radar - Mark 12 Mod 2 & 
Mark 22 Mod 0 
 Ballistics - 5" 
 

Ammunition 
5"/38 V.T. fuzed, non-fragmenting 






























































