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OPERATIONS EVALUATION GROUP STUDY 
No. 254 

ANALYSIS OP T3ST DATA FOR COMPARISON OF 
VARIOUS ANTI-AIRCRAFT FIRE CONTROL SYSTEMS 

References: (a) TF69/S71 S e r i a l 015, "CTF69 Test P-5, Tests 
of Performance of 5fi/38 C o n t r o l Systems I.lark 
51 D i r e c t o r (40 mm ballisti03), Hark 52 D i r e c t 
or , Mark 57, Mark 63, Mark 37 D i r e c t o r s . " 
23 J u l y »45, C o n f i d e n t i a l . 

(b) Cosi0pD©vFor/S71 S e r i a l 83, "CTF69 Teat P-5 
(Revised)". 23 Jan '46, C o n f i d e n t i a l * 

(c) TF69/S71/S74 S e r i a l 87, "CTF69 Exorcise Z-6, 
AA p r a c t i c e n K n (Kamikaze) Rev. A)'1 25 Aug 
'45, R e s t r i c t e d , 

Enclosures (A) OEG Study #248, "Mathematical Background f o r 
Evaluat i o n o f AA F i r i n g Tests". 2 Jan '46, 
C o n f i d e n t i a l . 

(B) OEG Study #262, "Method f o r Testing R e l i a b i l i t y 
of AA Gunfire Data." 25 Feb '46, R e s t r i c t e d * 

A» I n t r o d u c t i o n 
1, The t e a t s described i n references (a) anji (b) were designed 

"to compare and ev a l u a t e , through shipboard f i r i n g at maneuverg
in g drone t a r g e t s , e x i s t i n g , modified or new AA f i r e c o n t r o l 
systems as to a b i l i t y t o produce h i t s , t r a c k i n g performance, 
and s u i t a b i l i t y f o r f l e e t use of the o p e r a t i o n a l and main
tenance c h a r a c t e r i s t i c s incorporated i n the system". The 
present Study i s a re p o r t based on the a n a l y s i s of data ob
t a i n e d during the execution of these t e s t s . 
B» The P-5 Tept Method 
1. This t e a t i s f u l l y described In reference (b). B r i e f l y , 

i t c o n s i s t e d i n f i r i n g 5l?/38 V.T. fuzed non-fragmenting 
ammunition, from b a t t e r i e s under c o n t r o l of v a r i o u s F i r e Con
t r o l system;, a t a c t i v e l y maneuvering TD2C drone t a r g e t s * 
2. Four types of t a r g e t approach runs were used: -

G-at: g l i d e r - l i k e runs d i r e c t e d at the f i r i n g s h i p , ( t h e 
£-1 type of run described i n reference ( b ) ) ; 
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G-ahead: g l i d e r - l i k e runs d i r e c t e d toward an imaginary 
^KIp 750 to 1000 yards ahead of the f i r i n g s h i p , 
(the K-2 runs of reference ( b ) ) j 

T-at; t o r p e d o - l i k e runs d i r e c t e d at the f i r i n g s h i p , 
tV-1 runs of reference ( b ) ) j and 

T-ahead: t o r p e d o - l i k e runs d i r e c t e d toward an imaginary 
^J E l p 750 to 1000 yards ahead of the f i r i n g s h i p , (the 
V-2 runs of reference ( b ) ) . 

The four types of runs were used i n the t e s t i n g of each type 
of F i r e C o n t r o l System. They were repeated u n t i l p r e l i m i n a r y 
a n a l y s i s of the data showed some evidence of adequate sampling. 
3, The s e v e r a l F i r e C o n t r o l Systems under t r i a l were operated 

i n accordance w i t h e s t a b l i s h e d d o c t r i n e . Except where noted, 
t r a c k i n g was e x c l u s i v e l y under f u l l o p t i c a l c o n t r o l . In the 
systems sshich i n c l u d e radar equipment, radar was used f o r range 
only. No a r b i t r a r y spots were a p p l i e d to c o r r e c t f o r t a r g e t 
manetiver or e r r o r s i n the systems, 
4, Observers were s t a t i o n e d i n various p a r t s of the f i r i n g 

s h i p to re p o r t the r e s u l t s of g u n f i r e . The number of premature 
bursts of 5"/38 VT fuzed ammunition as w e l l as the number of 
presumably t a r g e t - t r i g g e r e d ( h i t ) bursts was recorded. A l l 
shoots were photographed by an A t l a n t i c F l e e t Camera P a r t y , 
using the two or three camera method, as a check on the 
observers' r e p o r t s * 
5, Reports submitted by the f i r i n g sh5.p included the number 

and type of r u n , the type of F i r e Control used, the number of 
guns f i r i n g , the r a t e of f i r e , the l o t number and normality of 
the ammunition, the number of rounds f i r e d , the present ranges 
of open and cease f i r e , the number of seconds spent by the t a r g e t 
i n each 500 yard range band (present range), the number of 
prematures, the number of h i t s and present ran^e of each h i t , 
as w e l l as much such a d d i t i o n a l data as wind, s t a t e of sea, e t c , 
C, The F i r e C o n t r o l Systems Tasted 

1. Seven systems were subjected t o the t e s t s discussed above. 
a) Mark 37 - 1 System 

D i r e c t o r - Mark 37 Mod 
Computer - Mark 1 
Radar - Mark 12 Mod 2 

Mark 22 Mod 0 
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b) Mark 57 - 8 System 
D i r e c t o r - Mark 37 Mod 
Computer - Mark 8 
Radar - Mark 12 Mod 2 

Mark 22 Med G 

c) Mark 51 - 5" System 
T5Trect'or "- "Mark"'51 I«od 3 
Gun Sight - Mark 15 Mod 3 (5" b a l l i s t i c s ) 
Radar - none 

d) Mark 51 - Em System 
D i r e c t o r - Mark Si Mod 3 
Gun Sight - Mark 15 Mod 11 (40 m.m, HMG b a l l i s t i c s ) 
Radar - none 

e) Mark 52 System 
D i r e c t o r - Mark 52 Mod 3 
Gun Sig h t - Mark 15 Mod 3 ( 5 " b a l l i s t i c s ) 
Computer - Mark 13 
Radar - Mark 26 Mod 3 

f ) Kark 63 System 
D i r e c t o r - Mark 51 Mod 6 
Gun S i ^ h t - Mark 15 Mod 12 (40 mm IMG b a l l i s t i c s ) 
Radar - Mark 28 Mod 2 

S) Mark 57 System 
D i r e c t o r - Mark 57 Mod 1 
Computer - Mark 17 Mod 1 

Mark 15 Mod 1 
Radar - Mark 29 Hod 2 ( u n t i l Dec *4S) 

Mark 34 nod 10(Dec '45 on) 
D. Ships Concerned i n the Test 
1. These t e s t s wore conducted aboard the U.S.S. VfiTOTillNG (AG-17) 

d u r i n g the per i o d 27 J u l y 1945 to 8 February 1946, i n the waters 
of Casco Bay, Maine, and the offshore r e g i o n of the N o r f o l k t o 
Cape I.Ir.y areas. The data obtained by t h i s s h i p forms the main 
body of the m a t e r i a l which w i l l be analyzed i n t h i s Study. 
2, A number of other ships p a r t i c i p a t e d i n these t e s t s , 

but the data c o l l e c t e d by them t/111 be used only f o r purposes 
of support and comparison. The f o l l o w i n g i s a p a r t i a l l i s t of 
these supporting s h i p s : 

-3-



(liO) 0519.46 
2 A p r i l 1946 

uss 
USS 
USS 
uss 
uss 
ass 

Observations 

BREMERTON, CA - ISO 
BUCKLEY, DD - 808 
TUCKER, BD - 875 
LEARY, DD - 879 
TWEEDY, DE - 532 
MCDCUGAL, AG - 126 

1. Number of Runs - Tho WYOMING conducted 262 f i r i n g runs 
againiHi~TD^C~Dror?5 t a r g e t s . Two hundred and t h i r t y - t h r e e of 
these runs (8Q£) f u r n i s h e d s u f f i c i e n t l y r e l i a b l e s t a t i s t i c a l 
data to warrant t h e i r i n c l u s i o n i n t h i s a n a l y s i s . The d i s 
t r i b u t i o n of theso runs among the various F i r e C o n t r o l systems 
i n v e s t i g a t e d and tho corresponding ammunition expenditures 
are .^iven i n Table I . The l a r g e r number of rounds per run 
shown f o r the 37 -1 and S7-8 Systems r e f l e c t s the f a c t that 
most of the f i r i n g w i t h those systems was done w i t h f o u r , 
r a t h s r than two, barrels*, 
Table " " ^ T H ^ s l ^ Runs" Among the Various Five 

System 
s i  •'"61*-

' -1 37-8 52 57 63 51 51- s'' HIvlG 
HMG 5» * // 

10 9 7 7 6 6 8 2 4 
15 12 7 6 6 8 5 6 3 
10 7 7 6 7 6 6 1 2 
8 6 6 6 5 6 8 5 4 

IB" 3¥ W 2"5 25 W I * TS 

fT-at 10 9 7 7 6 6 8 2 4 59 
No. JO-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-ab. 8 6 6 6 5 6 8 5 4 54 

/Tot. K M S 7 ^ 2 i 2 5 S 7 H I S 5 J 5 y 
Total" No. 

Rounds 2903 2007 859 731 634 451 523 281 169 8558 
Rds/Run _ 6 7 . 5 59.0 31.8 29,2 26,4 17.3 19,4 20.1 15,0 36,7 

« UaingTlxed" Range Sett'Ing of 2000 yds. 
# Using Fixe d Lin© of Sight (No lead angle) 

file:///G-ab
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2. Reasons f o r Discarding Runs - Of the 29 f i r i n g runs which 
had to he discarded only twelve could be c l a s s e d as due to 
equipment casualty? one was a radar f a i l u r e a s s o c i a t e d w i t h 
the Mark 52 p i r e C o n t r o l System, two were mount c a s u a l t i e s 
and the remaining nine were e l i m i n a t e d because the Mark 37-8 
System was found to have been 15 minutes o f f i n t r a i n a f t e r 
completion of the runs. Eleven runs could not be used be
cause ssioke obscured observation of h i t s or because one or 
more items had boon omitted from the required data. A 
summary of runs discarded Is given i n Table I I . 

¥aT5Xe~ I I . Causes f o r E l i m i n a t i n g C e r t a i n F i r i n g 
Runs From the A n a l y s i s 

Causa D i r e c t o r System No. of Runs 
Discarded 

Inadequate data S e v e r a l 11 
D i r e c t o r c a s u a l t y 37-8 9 
Mount c a s u a l t y 37-1 2 
Radar c a s u a l t y 52 1 
Poor drone maneuver Several 4 
Personnel f a i l u r e 57 2 

3. Record of Runs Made by Supporting Ships - The re c o r d of 
runs and ammunition expenditures by supporting *ships was kept 
only f o r those instances i n which the data was such that i t 
could be used f o r comparing performance of any given F i r e 
C o n t r o l System among the s e v e r a l ships concerned. These 
d e t a i l s are given i n Table I I I . 

Table I I I . D i s t r i b u t i o n of F i r i n g Runs Among the Various 
Supporting Ships  

— : System 
Ship 51_ 52 S3 ' g 7 - 1 ' TotaT" 

Runs Rds" Runs Rds" Runs Rds" Runs Rds Runs Rds 
BREMERTON CA-130 1 21 18 525 19 546 
BUCKLEY DD-808 7 147 9 197 11 563 27 907 
TUCKER DD-875 2 31 14 575 16 606 
LSARY DD-879 8 398 8 398 
TWEEDY DD-532 8 143 8 143 
MCDOUGAL AG-126 i — _____ —— _9 486 _9 486 

T o t a l 10 199 8 143 9 197 60 2547 87 3086 

-5-
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4. Record of Ammunition Normality - A l l 5"/38 VT fuzed non-
f ragmen t i n g asimunltion used was subjected to the V.T. Fuze 
performance t e s t s i n accordance w i t h Bureau of Ordnance 
d o c t r i n e . When f i r i n g from a s p e c i f i c l o t of ammunition had 
t o he extended over a p r o t r a c t e d p e r i o d of time the performance 
t e s t s were repeated. The record of such ammunition used i n 
the runs a v a i l a b l e f o r s t a t i s t i c a l a n a l y s i s i s given i n Table 
IV. I t should be noted that i n general the percentage of 
prematures observed i n p r a c t i c e i s n e a r l y always l e s s than 
the average shown i n the t e s t s of a given l o t . 

Table IV. Record of Ammunition Performance 
Mark & Lot Amount Observed Prematures % Prematures 
Mod. Number used Number Percent Scored i n Test 

53 - 2195 558 46 8.2 7.0 
53 - 2386 740 32 4,3 6.0 
53 - 2171 439 24 5.5 12.0 
53 - 2173 1794 180 10,0 24.0 
53 - 2253 1707 101 5,9 14.0 
53 - 2255 1582 115 7.3 6,0 
5 2 - 6 2283 1822 100 5, 5 7.0 
5 3 - 6 2279 1120 81 7.2 6.0 
5 3 - 6 2303 934 62 6.6 9.3 
5 3 - 6 2351 399 66 14.0 20.0 
Totals (10) 11095 797 aver. 7.2 aver. 11.1 

These t o t a l s do not include ammunition used in t e s t s or i n 
t r a i n i n g f i r i n g s at sleeve and TDD t a r g e t s . 
5, TD2C Drone Performance - While i t was not always p o s s i b l e 

to o b t a i n the same degree of weaving and J i n k i n g in consecutive 
runs, there was a high degree of s i m i l a r i t y i n the o v e r - a l l 
r e l a t i v e amount of maneuvering of drones among the v a r i o u s 
F i r e C o n t r o l systems and among the f o u r types of runs for a 
given system, 

There was considerable f l u c t u a t i o n i n the speed a t t a i n e d 
by the drone both d u r i n g the approach run and from run to run. 
The average speed of the drone i n g l i d e r - l i k e approaches was 
150 knots, while the average speed i n t o r p e d o - l i k e runs was 
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ISO knots. This d i f f e r e n c e i s considered s t a t i s t i c a l l y 
s i g n i f i c a n t . There was no s i g n i f i c a n t d i f f e r e n c e between 
runs made at the s h i p and those made a t an imaginary s h i p 
750 to 1000 yards ahead of the f i r i n g s h i p . 
6. Rate of F i r e - The average rate of f i r e e s t a b l i s h e d by 

the VtlYWlSa duri n g 218 observed runs ?/as 16.3 rounds per gun 
per minute. This r a t e v a r i e d from 7 t o 26 r.p.g.p.m. w i t h a 
standard d e v i a t i o n of 3.6 r.p.g.p.m* This average rate of 
f i r e was s l i g h t l y more than 17 i n the period preceding the 
l a s t few weeks of f i r i n g . A frequency d i s t r i b u t i o n p l o t 
i l l u s t r a t i n g t h i s f l u c t u a t i o n i s presented i n Figure 1. 

There was no s i g n i f i c a n t d i f f e r e n c e i n average ra t e of 
f i r e between the various F i r e C o n t r o l systems, between torpedo
l i k e and g l i d e r - l i k e runs, or between the runs d i r e c t e d toward 
and ahead of the f i r i n g s h i p , 
7, Observat1on of V.T. Bursts - There was f a r b e t t e r agree

ment between groups of observers r e p o r t i n g apparent t a r g e t -
t r i g g e r e d V.T. bursts (TTB's) than there was between the 
rep o r t of those observers and that e s t a b l i s h e d by photoanalysis. 
A good many T.T.B's were missed by the photographers because 
of smoke i n t e r f e r e n c e , v i b r a t i o n and shock which throws e i t h e r 
the t a r g e t or the burst out of the f i e l d of one camera, and 
other causes. I t i s considered t h a t w e l l t r a i n e d teams of 
observers c o n s t i t u t e the best a v a i l a b l e means of s c o r i n g 
r e s u l t s . Nevertheless, photo-analysis i s often extremely 
valuable i n supporting observer r e s u l t s i n questionable cases. 

A s e r i e s of n e a r l y 300 bursts i n which the e r r o r i n range, 
as determined by p h o t o - t r i a n g u l a t i o n , d i d not exceed 100 yards 
has been examined. The average r a d i a l e r r o r of these b u r s t s 
i s 37 f e e t . A histogram showing the frequency d i s t r i b u t i o n 
of these r a d i a l e r r o r s i s given i n ?igure 2. A p l o t of these 
bursts i n a plane through the target perpendicular to the 
t r a j e c t o r y t s given i n Figure 3. These data are summarized 
i n Table V. 

(L0)031^-46 
2 A p r i l 1946 
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Table V. Dis t r ' i b u t i on "of V".T. 'Bursts" Who'se Range E r r o r As 
Determined by P h o t o - t r i a n g u l a t i o n Doss Hot Exceed 
100 Yards 

R a d i a l E r r o r Eleva fcibh E r r o r Normal D i s t r i b u t i o n 
i n f e e t -jL. - 0 T o t a l ^ s 30 f e e t 
0 - 2 0 19 32 8 59 56 

20 - 40 62 52 4 118 110 
40 - 60 29 35 0 64 77 
60 - SO 13 16 1 SO 30 
80 - 100 1 5 0 6 7 
over 100 2 2 0 — i 1 
T o t a l 126 142 13 281 281 
Percent 45 51 4 100 

I t should bo noted that 96.5JS of these recorded bursts 
have a r a d i a l e r r o r of l e s s than 80 f e e t . More bursts 
were obtained below the target than above i t , t h i s trend 
being reversed i n one i n t e r v a l - the i n t e r v a l which contains 
tho most b u r s t s . In the r i g h t hand column of Table V are 
l i s t e d the expected number of bursts i n each 20 f t . i n t e r v a l 
i f the bursts were normally d i s t r i b u t e d about the t a r g e t 
w i t h a standard d e v i a t i o n of 30 f e e t * 

In spit® of the f a c t that p h o t o t r i a n g u l a t i o n methods 
f o r determining e r r o r i n range y i o l d values which are accurate 
only t o w i t h i n £ 50 yard3, a frequency d i s t r i b u t i o n of range 
e r r o r s f o r these V.T. bursts i s given i n Figure 4, The mean 
absolute e r r o r i n range i s 21,6 yards, and 97.2$ of the bursts 
were w i t h i n SO yards of the t a r g e t . 

T i l l s photoanalysis data therefore s t r o n g l y supports the 
o r i g i n a l assumption that any V.T. burst w i t h a range e r r o r 
not exceeding 100 yards and a r a d i a l e r r o r not exceeding 80 
f e e t would be considered a t a r g e t - t r i g g e r e d burst (T.T.B.)• 

F. A n a l y s i s of TfYOlilNG Data 
1. Method -> The measure of e f f e c t i v e n e s s which i s to be used 

i n t h i s a n a l y s i s f o r e s t i m a t i n g the performance of a p a r t i c u l a r 
F i r e C o n t r o l system i s based on the number of h i t s obtained per 
e f f e c t i v e round f i r e d at the t a r g e t . The methods employed 

- 8 -
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In anal y z i n g the t e s t data are given In d e t a i l In enclosures 
(A) and ( 3 ) . The procedure, b r i e f l y , i n v o l v e s the f o l l o w i n g 
s t e p s : 

a) Conversion, by g r a p h i c a l means, of present ranges of 
open and cease f i r e to advanced ranges. 

b) C a l c u l a t i o n of the number of e f f e c t i v e rounds f i r e d 
i n t o each 600 yard range i n t e r v a l from the data on 
open and cease f i r e ranges, normality of ammunition, 
time spent by the t a r g e t i n each range i n t e r v a l and, 
except where otherwise I n d i c a t e d , a r a t e of f i r e 
assumed to be uniform throughout the run, 

c) Summation of these s & l c u l a t e d f i g u r e s f o r each P i r e 
C o n t r o l System by type of run, and computation of the 
number of t a r g e t - t r i g g e r e d bursts (T.T.B. ,s) per 
e f f e c t i v e round f o r each 500 yard range i n t e r v a l , 

d) Computation of the expected number of T.T.B.'s i n each 
500 yard range I n t e r v a l w i t h a standard r a t e of f i r e , 
speed of t a r g e t and normality of ammunition, so t h a t 
various F i r e C o n t r o l systems may be compared, 

e) C a l c u l a t i o n of p r o b a b i l i t i e s e i t h e r of o b t a i n i n g at 
l e a s t one h i t on a TD2C or of s p l a s h i n g a t a r g e t w i t h 
gun3 under a given F i r e C o n t r o l system, 

2, Number of Targ e t - t r i g g e r e d Bursts (T.T.B.*s) per Run per  
BorxaT"^ JIn"'tEo~"l88 standard f i r i n g runs conducted d u r i n g t h i s 
t e s t an average of approximately one TTB per run per b a r r e l 
was obtained. This number v a r i e d from 0 to 4 w i t h a c o n s i d e r 
able amount of s c a t t e r f o r a l l F i r e C o n t r o l systems. A 
frequency d i s t r i b u t i o n t a b l e i l l u s t r a t i n g t h i s f l u c t u a t i o n 
i s given i n Figure 5. There was no s i g n i f i c a n t d i f f e r e n c e 
i n the average number of T.T.B.'s per run per b a r r e l obtained 
w i t h the various F i r e C o n t r o l systems, or between torpedo
l i k e and g l i d e r - l i k e run3, Thore was, however, a s i g n i f i c a n t 
d i f f e r e n o e i n the average number of T.T.B.'s scored i n runs 
made at the s h i p and a t an imaginary ship 750 to 1000 yards 
ahead of the f i r i n g s h i p , approximately twice as many T.T.B.'s 
per run per b a r r e l being scored on " a t " as on "ahead" runs. 
3, Number of Target-triggered Bursts (TTB's) per E f f e c t i v e  

Round L i r e a m_sach boo yard Range i n t e r v a l - .he average number 
of TTB T s per e f f e c t i v e round f i r e d i n each 500 yard range i n t e r 
v a l f o r the various f i r e c o n t r o l systems i s given i n Table VI. 
The r e s u l t s are p l o t t e d i n Figure 6 a f t e r combining data f o r 
s i m i l a r systems. 
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Table V l " Number of Ta r g e t - t r i g g e r e d Bursts Per E f f e c t i v e 
Round F i r e d i n Each 500 yard Range i n t e r v a l * 

Range i n 
100»s of 
yards 

F i r e C o n t r o l Sy stem 
Average Range i n 

100»s of 
yards 37-1 37-8 52 57 63 

51-
HMG 

51- 1 

5" 
Average 

5 - 1 0 •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 
20 - 25 .083 .127 .056 .143 .£56 ,150 .142 .129 

25 - 30 ,066 .054 .013 .114 .068 .085 .039 .063 
30 - 35 .049 .058 .000 .016 .056 • 122 .161 .066 
35 - 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 
60 - 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 S p i t e of the lower performance of the two Mark 37 P i r e 
C o n t r o l systems In the range i n t e r v a l 500 - 1000 yards, i t 
can be seen i n the above t a b l e and i n Figure 6 that the aver
age number of T.T.B.'s per e f f e c t i v e round f i r e d i n each range 
i n t e r v a l i n general decreases r a p i d l y w i t h i n c r e a s i n g range. 
U s u a l l y , l e s s than one percent of the e f f e c t i v e rounds f i r e d 
at ranges beyond 50C0 yards were t r i g g e r e d by the maneuvering 
TL2C drone, and none were eo t r i g g e r e d at ranges i n excess 
of 8000 yards. 
4. p r o b a b i l i t y of Scoring at Least One Ta r g e t - t r i g g e r e d Burst 
(TTB) on a Maneuvering TP&C Drone w i t h one B a r r e l F i r e -
This measure of e f f e c t i v e n e s s has been c a l c u l a t e d f o r each 
F i r e C o n t r o l system according t o type of t a r g e t approach 
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(at and ahead runs) and overall performance ( a l l runs combined}* 
These calculations were extended to each of the four types of 
run made with each Fire Control system but since no s t a t i s t i c a l l y 
significant differences could be established with such small 
samples the iadividua1 results are omitted from this Study. 
The results of the other calculations are presented in Figures 
7 to 25. 

Each of the above figures 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 
f i r i n g under the control of,a particular Fire Control system 
and under the following conditions: 

Rate of Firet 17 rds/bbl/min. 
Ammunition 

Type : 5"/38 V.T. fuzed 
Normality i 0.75 

Target Speed 
nT f l Runs : 130 knots 
wCt" Runs : 150 knots 

The degree of s t a t i s t i c a l r e l i a b i l i t y for each point on a 
'curve is indicated by a vertical line extending above and 
below the point. The average advanced range of open f i r e is 
given at the beginning of each curve. 

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

a) The iiark 37-1 System (Figures 7 and 8) - The curve of 
accumulated probability ( a l l runs) rises at a f a i r l y 
uniform rate to a range of around 1500 yards after 
which the rate drops off f a i r l y rapidly. When runs 
made at the ship are compared with runs made ahead 
of the f i r i n g ship, the accumulated probabilities 
show a marked and s t a t i s t i c a l l y significant difference 
throughout the f i r i n g range. 

b) The Hark 37-8 System (Figures 9 and 10) - The curve 
oi accumulated probability ( a l l runs) shows a general 
resemblance to that of the Mark 57-1 System. There 
i s no consistently significant difference in the 
accumulated probability curves for at and ahead runs. 
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°) ThQ Mark 57: System (Figures 11 and 12) - The curve 
o ^ ' a c c u i n u l a t e d ^ r o b a l - i i l i t y ( a l l runs) r i s e s at an 
almost constant r a t e . The change i n rate a t the 
s h o r t e r ran^e, as shown i n the Mark 37 systems, Is 
not apparent here. Tho curves f o r at and ahead runs 
are almost i d e n t i c a l * 

a ' The. Mark 65 s y s t s a (Figures 13 & 14) - The curve of 
aeciimuTa^d"'prolm5'Ility ( a l l rune) f o l l o w s very c l o s e l y 
t h a t of the Mark 57 system. There i s no c o n s i s t e n t l y 
s i g n i f i c a n t d i f f e r e n c e i n the curves f o r at and ahead 
runs* 

0 ) g h e K a f k 62 System (Figures 15 & 16) - The steep r i s e 
shownfieFe 1 ri The curva of accumulated p r o b a b i l i t y 
( a l l runs) r e f l e c t s the high score i n T.T.D's per 
e f f e c t i v e round obtained w i t h thi3 system at ranges 
l e s s than 2C00 yards compared w i t h the very low 3core 
at ranges greater than 8000 yards. There i s a 
s t a t i s t i c a l l y s i g n i f i c a n t d i f f e r e n c e i n the at and 
ahead run curves of p r o b a b i l i t y , but t h i s should be 
I n t e r p r e t e d with considerable c a u t i o n . The low 
score on ahead runs i s due e n t i r e l y to the poor 
performance of t h i s system on "T ahead" runs: a t o t a l 
of only 4 i.T.B.'a having occurred out of 188 e f f e c t i v e 
rounds f i r e d i n these s i x runs. 

f ) The Mark 51-HulS System (Figures 17 & 18) - The curve 
or accusQulated p r o b a b i l i t y ( a l l runs) r i s e s s t e e p l y 
and w i t h almost no change of s l o p e , when the curves 
f o r at and ahead runs Ere compared there i s a 
s t a t i s t i c a l l y s i g n i f i c a n t d i f f e r e n c e between them 
but o n l y at ranges of l e s s than 1500 yards* 

S) -ferk_51-5" Systern (Figures 19 & 20) - The curve of 
aecumu'OTeaT-probability-, ( a l l runs) resembles t h a t of 
the Mark 5X-IIM3 system but there Is a s l i g h t f l a t t e n i n g 
i n the slope at rentes' l e s s than 1300 yards approximate] 
There i s no s t a t i s t i c a l l y s i g n i f i c a n t d i f f e r e n c e 
between the curves f o r a t and ahead runs. 
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h) Mark 51-5" System Using a pre-set F i x e d Range of_ 
2T%)0~yard8 - (Figaro 21) The curve of accumulated 
p r o b a b i l i t y ( a l l runs) f o r t h i s s p e c i a l data i s 
presented i n Figure 21, There were t o o few t a r g e t -
t r i g g e r e d bursts on ahead runs to warrant s t a t i s t i c a l 
comparison of a t and ahead runs. 

1) Comparison of F i r e C o n t r o l System Performance - On 
Une b a s i s of fcEe above a n a l y s i s a s e r i e s of p r e l i m i n a r y 
conclusions on the comparative performance of the 
various F i r e C o n t r o l Systems can be reached. These 
w i l l be discussed i n terms of performance on a l l runs 
combined and of performance- on runs made at and ahead 
of the f i r i n g s h i p . 

1(1) o v e r a l l Performance (Figures 22 and 23, a l l runs 
combined) - There i s no c o n s i s t e n t , s t a t i s t i c a l l y 
s i g n i f i c a n t d i f f e r e n c e In the performance of the 
F i r e C o n t r o l systems r'arks 57, 63, 51-5" and 51-IMG 
In the c o n t r o l of 5"38 V.T. fuzed non-fragmenting 
ammunition f i r e a t a c t i v e l y maneuvering TD2C drone 
t a r g e t s other than that of the maximum range a t 
which target t r i g g e r e d b u r s t s (T.T.B.'s) f i r s t occur, 
(Figure 22). 
There i s no s t a t i s t i c a l l y s i g n i f i c a n t d i f f e r e n c e i n 
the performance of TTark 37*1 and Mark 37-8 Systems 
nor i n the performance of these two systems when 
compared w i t h the performance of the systems Marks 
57, 63, 51-5" and 51-HMG at ranges of 2000 or more 
yards. At s h o r t e r ranges than t h i s the two I.Tark 37 
systems show a les3 e f f i c i e n t performance t:;an that 
of the other systems named and the d i f f e r e n c e i s 
s t a t i s t i c a l l y s i g n i f i c a n t * The performance of the 
Mark 52 system at ranges greater than 1500 yards i s 
s i g n i f i c a n t l y i n f e r i o r to t h a t of any other system, 
but I t s c a p a c i t y to score T.T.B1s a t s h o r t e r ranges 
Is Quite high. (Figure 23). 
Ytfhen a f i x e d ran^e of 2000 yards i s pre-set i n t o the 
Hark 51-5" the record of performance of t h i s system 
i s reduced t o approximately one-half (Figure 22), 
No T.T.B.'s were scored with the Mark 51-HMG 
system i n the 13 runs during which i t was operated 
wi t h a f i x e d l i n e of s i g h t (no l e a d a n g l e ) . 
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1(2) Performance on "At" Runs (Figure 24) - There i s 
no s i g n i f i c a n t d i f f e r e n c e between a l l the F i r e 
C o n t r o l systems t e s t e d i n t h e i r performance against 
a TD2C drone making i t s approach d i r e c t l y a t the 
f i r i n g s h i p . 

* ( 5 ) Perfonnanc© on "Ahead" Runs (Figure 25) - In t h e i r 
performance"* againsF"TDSc drones making t h e i r approach 
at an imaginary ship 750-1000 yards ahead of the 
f i r i n g s h i p , the F i r e C o n t r o l systems t e s t e d f a l l 
i n t o three general groups. The highest type of 
perforata nee occurs with the Marks 51-5",57, 63, and 
37-8 systems, and there i s no s i g n i f i c a n t d i f f e r e n c e 
between them. The Mark 51-HMO doe3 l e s s w e l l a t 
ranges under 2000 yards. Performance on these runs 
i s l e a s t good with the Mark 37-1 and Mark 52 and 
the d i f f e r e n c e between these systems and the others 
tested i s s i g n i f i c a n t at ranges of 2500 yards or 
l e s s . 

5. The p r o b a b i l i t y of Splashing a T y p i c a l Operational Target  
With One ̂ BaTreT' F i r i n g " -

a) The previous comparison'of f i r e c o n t r o l systems was 
based upon the p r o b a b i l i t y of o b t a i n i n g at l e a s t one T.T.B. 
on the maneuvering TD2C drone t a r g e t w i t h one b a r r e l 
f i r i n g at the rate of 17 rounds per minute. Another 
comparison i s that based upon the p r o b a b i l i t y of s p l a s h -
l a g a t y p i c a l o p e r a t i o n a l target w i t h one b a r r e l f i r i n g . 
Although the r e s u l t s obtained w i t h t h i s method, of com
par i s o n may not d i f f e r from the r e s u l t s obtained w i t h 
the previous method i n sense, d i f f e r e n c e s among the 
various f i r e c o n t r o l systems should be more apparent. 

In order t o convert T.T.B.'s on tho drone i n t o l e t h a l 
bursts on an o p e r a t i o n a l t a r g e t , i t i s necessary to 
assume seme value f o r «K , the p r o b a b i l i t y t h a t a T.T.B. 
on the drone w i l l be a l e t h a l burst on the o p e r a t i o n a l 
t a r g e t . In comparing the performances of various f i r e 
c o n t r o l systems any reasonable value of <*. may be used, 
the r e s u l t i n g comparison being v a l i d f o r the p a r t i c u l a r 
t a r g e t v u l n e r a b i l i t y characterized, by t h i s value of oc . 
Since i t Is g e n e r a l l y b e l i e v e d t h a t on the average three 
or f o u r t a r g e t - t r i g g e r e d burets were r e q u i r e d to spla s h 
a t y p i c a l o p e r a t i o n a l t a r g e t In World V/ar I I , a value of 
©< = 0.25 w i l l be used i n making t h i s comparison. 
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The value &<* 0,25 checks w e l l w i t h the values of <*• 
d e r i v e d In Appendix A of enclosure (A) from measured 
values of the burst' area and the l e t h a l area of the 55 l b , 
VT-fuzed p r o j e c t i l e against an o p e r a t i o n a l t a r g e t , at 
ranges of 3000 yards or l e s s and f o r a shooting e r r o r of 
the magnitude to be expected w i t h a maneuvering t a r g e t * 
Although i t i s shown i n enclosure (A) t h a t c * may be 
expected t o vary with range, l i t t l e e r r o r w i l l be i n t r o 
duced by assuming a constant value of ©< s i n c e most of the 
T.T.B.'s were scored at 3000 yards or l e s s . Although 
more T.T.B.'s are to be expected against an o p e r a t i o n a l 
t a r g e t than aga i n s t the drone t a r g e t , most of these 
a d d i t i o n a l b u r s t s w i l l occur at large d i s t a n c e s from the 
t a r g e t and hence w i l l c o n t r i b u t e l i t t l e t o the l e t h a l 
a r e a , 

b) Using c\ s 0.25 and t a r g e t speeds equal t o the speeds of 
the drone t a r g e t s used i n the t e s t s , the p r o b a b i l i t y 
that an o p e r a t i o n a l t a r g e t w i l l be splashed before i t 
reaches a given range from the f i r i n g s h i p by the gun
f i r e from one.barrel f i r i n g a t a standard r a t e as con
t r o l l e d by various f i r e c o n t r o l systems was computed. 
The r e s u l t s are presented In Figures 26, 27, and 28. 
As was t o be expected, the rankings of the v a r i o u s f i r e 
c o n t r o l systems remain unalt e r e d but the r e l a t i v e 
d i f f e r e n c e s are l a r g e r . As <* decreases, the r a t i o of 
two p r o b a b i l i t i e s of s p l a s h i n g approaches the corresponding 
r a t i o of the expected numbers of t a r g e t - t r i g g e r e d b u r s t s 
presented below. 

c) The r e s u l t s presented i n part 4 above may be i n t e r 
preted as the p r o b a b i l i t y of s p l a s h i n g the t a r g e t w i t h 4 
b a r r e l s f i r i n g i f ^ a 0.25. 

6. Expected Number of T.T.B.'s w i t h One-Gun F i r e . -
a) The p r o b a b i l i t i e s presented i n p a r t s 4 and 5 above were 
computed from the formula 

F = 1 - e -H 

I f H i s the expected number of T.T.B.'a, then 
the p r o b a b i l i t y of s c o r i n g a t l e a s t one T.T.B. 
i s the expected number of l e t h a l b u r s t s , P i s 

P i s 
I f H 
the 
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U N C L A « | ! : i c r > 
p r o b a b i l i t y of s p l a s h i n g the t a r g e t . A comparison of 
f i r e c o n t r o l systems i n terms of the exponent H i s 
of i n t e r e s t and f o r many purposes i s more informative 
than the previous comparisons. For example, I f the 
expected number of T.T.B.'s w i t h one system Is twice 
that with a second system, twice as many b a r r e l s must 
be c o n t r o l l e d by the second system as by the f i r s t system 
to obtain the same p r o b a b i l i t y of s p l a s h i n g the t a r g e t . 

b) The expected number of T.T.B.'s wit h one b a r r e l f i r i n g 
i s p l o t t e d i n Figures 29 and 30 f o r the various f i r e 
c o n t r o l systems. As before, the r e s u l t s are cumulative, 
that i s , the value shown f o r a given range i s the expected 
number of T.T.B.'s by the time the t a r g e t has approached 
to that range* Although the d i f f e r e n c e s between f i r e 
c o n t r o l systems appear l a r g e r here than i n the c o r r e s 
ponding p r o b a b i l i t i e s presented i n part 4, the remarks 
made i n part 4 concerning the s t a t i s t i c a l r e l i a b i l i t y 
of the d i f f e r e n c e s s t i l l apply. 

0. A n a l y s i s of Data Contributed by Supporting Ships 
!• L i m l t a t l a i s - The information submitted by ships other 

than the WYOMING was n e c e s s a r i l y l e s s exact and l e s s complete 
than could be provided by the more experienced gunnery and 
photography s t a f f of the l a r g e r s h i p . A f a i r p o r t i o n of the 
shooting was done without photographic recording and the 
number of runs made by each ship f o r the various f i r e c o n t r o l 
systems was, of course, quite l i m i t e d . W i thin the above 
l i m i t a t i o n s the data does f u r n i s h some i n t e r e s t i n g comparisons, 
but because the s t a t i s t i c a l sample i s s m a l l the r e s u l t s of 
a n a l y s i s should be t r e a t e d only as i n d i c a t i o n s , , as trends 
or as tendencies. 
2. Comparative performance of the Mark 37-1 F i r e C o n t r o l  

System Figure 31 shbwiTBhe curves of accumulated p r o b a b i l l t i e s 
of s c o r i n g a t l e a s t one T.T.B. on a maneuvering TD2C drone f o r 
each supporting ship and f o r the a l l - r u n performance of t h i s 
system on the WYOMING. The number of runs made by each ship 
i s given below the name of that ship. The run-to-run v a r i a t i o n 
and the s m a l l e r number of runs f o r any given system makes the 
exact placement of the p r o b a b i l i t y curve f a r more d i f f i c u l t 
than i s the case w i t h the WYOMING runs. Some of the d i f f e r e n c e s 
i n performance of various ships i s nevertheless s i g n i f i c a n t . 
The BREMERTON's Mark 37-1 performed very w e l l at ranges of 
3000 yards or l e s s , while that of the LEARY and the MGDOUGAL 
was decidedly i n f e r i o r to the WYOMING'S at very short ranges. 
Performance of t h i s , system on the BUCKLEY was d i s t i n c t l y poor 
throughout i t s range^of operation. The TUCKER, whose data 

- • r— 1! » - ~ <—~~ " - u u u i u u i . u g , uua i> WJk u u e l» XUIA111U« 
The curve f o r the WYOMING i s c l o s e to the average f o r a l l s h i p s . 

presented the : 37 p r o b a b i l i t y 
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3. Performance of the Mark 52 F i r e C o n t r o l System on the  
TWEEDY - The cxirve of accumulated p r o b a b i l i t y of s c o r i n g a t 
lea s t " one T.T.B. with the Mark 52 F i r e C o n t r o l system aboard 
the TWE£DY i s based on only 8 runs a l l of the G-at type, 
(Figure 32). This i s undoubtedly a very s m a l l sample upon 
which to base an estimate of o v e r a l l performance, but i t i s 
very d i f f e r e n t from that obtained f o r the WYOMING'S !$ark 52 
e i t h e r i n a l l - r u n s combined or on G-at runs" only. This 
tends to support the previous warning about the need f o r 
caution i n i n t e r p r e t i n g the r e s u l t s obtained w i t h the Mark 
52 System on the •WY0H1N3. 
4. performance of the Mark 63 F i r e C o n t r o l System on the  

BffCKLBHT (Figure 55 j - In" contrast "to the r e s u l t s shown In 
Figure~32 f o r the Mark 52 system, the performance of the 
Hark 63 system on another s h i p , the BUCKLEY, i s de c i d e d l y 
i n f e r i o r to that obtained w i t h a s i m i l a r system on the 
WYOMING. A comparison between the performances of the 
Mark 52 and Iferk 37-1 systems aboard the BUCKLSY (Figures 
31 and 33) shows no s t a t i s t i c a l l y s i g n i f i c a n t d i f f e r e n c e 
between the tv/o systems. The record of performance of t h i s 
equipment on the Buckley, t h e r e f o r e , seems to I n v i t e 
comparison not of systems but of i n s t a l l a t i o n , of method 
or of personnel performance, 
5. Performance of the Mark 51 F i r e C o n t r o l System • 

Several ships f u r n i s h e d data on the performance of t h i s 
system In c o n t r o l l i n g f i r e againct TD2C drones but the 
number of runs f o r any one s h i p i s so small and the run t o 
run v a r i a t i o n so large that s i g n i f i c a n t comparisons cannot 
be made even on pooled data. 

6 # Conclusions - The most s i g n i f i c a n t c onclusion which 
can be cased on t h i s a n a l y s i s of Supporting Ship data i s 
t h a t there i s a large amount of v a r i a t i o n In the performance 
of a given type of F i r e C o n t r o l system on d i f f e r e n t s h i p s . 
Therefore, i f v a l i d comparisons are to be made i n the 
performance of a given system on d i f f e r e n t ships the runs 
must be repeated u n t i l the r e s u l t s become c o n s i s t e n t and 
homogeneous. I t would appear as c o r o l l a r y t o t h i s t h a t i f 
the performance of a new system Is t o be determined aboard 
any s h i p i t should be compared w i t h the performance of an 
e s t a b l i s h e d system aboard t h a t s h i p , and the amount of data 
required w i l l depend upon the v a r i a t i o n from run t o run f o r 
each of the two systems being t r i e d . A great wealth of very 
r e l i a b l e data has been gathered aboard the WYOMING by constant 
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r e p e t i t i o n of run3. I f the performance of a given system 
i s to he used as a standard f o r comparison by other ships i t 
should l i k e w i s e be based, on adequate data. 

H• A n a l y s i s of WYOMING Data i n Terms of Changes i n V a r i a b l e s . 
1. T y p i c a l AA F i r e C o n t r o l System - I t i s of i n t e r e s t to 

estimate The"ef f ect to "be expected "upon the p r o b a b i l i t y of 
sp l a s h i n g a target of changes i n various f a c t o r s , such as 
the number, of b a r r e l s or the target speed. Instead of making 
stich analyses f o r each f i r e c o n t r o l system, the analyses are 
made f o r a t y p i c a l AA f i r e c o n t r o l system. The performance 
of t h i s t y p i c a l system Is taken as the average performance 
of the V.&rk 57 and :,iark 63 Systems aboard the WYOMING. The 
number of T.T.B.'s per e f f e c t i v e round f o r t h i s average 
system i s p l o t t e d In Figure 34, and i3 seen to be greater 
i n g e n e r a l than the corresponding values f o r the average of 
a l l systems aboard the ./YOKING shown In Figure 6. 

2. V a r i a b l e s Considered - The v a r i a b l e s considered are the 
f o l l o w i n g : 

a) O v e r a l l - r a t e of f i r e . 
( i ) Number of b a r r e l s 
( i i ) Rate of f i r e per b a r r e l 

b) Target c h a r a c t e r i s t i c s 
( i ) Speed 
( I I ) V u l n e r a b i l i t y 

The e f f e c t of changes i n the above f a c t o r s can be estimated 
from the theory of enclosure {A), Another f a c t o r which might 
be considered Is the i n i t i a l v e l o c i t y of the p r o j e c t i l e . 
The e f f e c t of a change i n t h i s q u a n t i t y i s d i f f i c u l t to 
estimate and w i l l not be included here; i t w i l l be the subject 
of a l a t e r study. 

3. O v e r a l l Rate of F i r e . - The e f f e c t to be expected upon 
the p r o b a b i l i t y of sp l a s h i n g a t a r g e t of a change i n the 
number of b a r r e l s or i n the r a t e of f i r e per b a r r e l or both 
depends upon the r e s u l t i n g change i n the o v e r a l l rate of 
f i r e . Thus, doubling the number of b a r r e l s w i l l have the 
same e f f e c t upon the p r o b a b i l i t y of s p l a s h i n g as doubling 
the r a t e of f i r e per b a r r e l . 
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The p r o b a b i l i t y of s p l a s h i n g a maneuvering t a r g e t 
t r a v e l i n g at the average speed of the TD2C drone i f the 
p r o b a b i l i t y i s 0.25 that a T.T.B. on the drone i s a l e t h a l 
burst on the t a r g e t Is shown i n Figure 55 f o r various numbers 
of b a r r e l s f i r i n g . 1 I t i s assumed that each b a r r e l i s f i r i n g 
ammunition of 0.75 normality at a r a t e of 17 rounds per minute. 

The r e s u l t s shown In Figure 35 have been computed f o r a 
t a r g e t v e l o c i t y which Is low compared wi t h the v e l o c i t i e s which 
are to bo expected i n the f u t u r e or even the v e l o c i t i e s which 
are p o s s i b l e now. The p r o b a b i l i t y of s p l a s h i n g a maneuvering 
t a r g e t , of the same v u l n e r a b i l i t y as before but f l y i n g at 
500 knots, i s shown i n Figure 36 f o r v a r i o u s o v e r a l l e f f e c t i v e 
r a t e s of f i r e . The o v e r a l l e f f e c t i v e r a t e of f i r e i s the 
o v e r a l l r a t e of f i r e m u l t i p l i e d by the ammunition n o r m a l i t y . 
The r a t e s used i n Figure 36 are equivalent to 4, 8, and 12 
b a r r e l s f i r i n g ammunition of 0.75 normality at a r a t e of 17 
rounds per minute per,, b a r r e l * The assumption upon which the 
computation i s based i s discussed below. 
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4. Target V e l o c i t y and V u l n e r a b i l i t y • The r e s u l t s shown i n 
Figure~Be f o r a t a r g e t v e l o c i t y "of* SOO knots have been com
puted upon the assumption that the number of T.T.B.'s per 
e f f e c t i v e round i s Independent of t a r g e t v e l o c i t y ; t h a t i s , 
i t has been assumed t h a t an increase i n t a r g e t v e l o c i t y 
decreases the number of rounds which can be f i r e d i n t o each 
range i n t e r v a l but has no e f f e c t upon the accuracy of f i r e . 
This assumption i s discussed in. enclosure (A) where i t i s 
p o i n t e d out t h a t the assumption i s supported by o p e r a t i o n a l 
d a t a , i f the amount of p o s s i b l e evasion i s l i m i t e d by the 
amount of a c c e l e r a t i o n which the p i l o t or the airframe can 
withstand, the e r r o r due to evasion w i l l be. independent of 
t a r g e t v e l o c i t y . The t r a c k i n g e r r o r s would be expected to 
increase w i t h an increase i n t a r g e t v e l o c i t y . However, since 
the e r r o r due to evasion probably i s much l a r g e r than any 
other e r r o r f o r a maneuvering t a r g e t , the p r o b a b i l i t i e s of 
s p l a s h i n g obtained from t h i s assumption should be reasonably 
c o r r e c t , although somewhat l a r g e . 

I t should be pointed out here that i t has been assumed 
als o that the guns can f o l l o w the gun orders at a l l t a r p e t 
v e l o c i t i e s . This l a t t e r assumption may not be v a l i d , especia 
at short and intermediate ranges when the target i s f l y i n g a 
passing course at a h i g h v e l o c i t y . Thus, the p r o b a b i l i t i e s 
presented i n Figure 36 may be much too l a r g e a t ranges l e s s 
than 3000 yards f o r a passing course. 
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The e f f e c t of target v e l o c i t y upon the p r o b a b i l i t y of 
spl a s h i n g also i s presented i n Figure 37 along w i t h the 
e f f e c t of target v u l n e r a b i l i t y . The curves were drawn f o r a 
targ e t v e l o c i t y of 500 knots and values of °< equal to 0.4, 
0. 2, and 0.1, showing the e f f e c t of decreasing the target 
v u l n e r a b i l i t y . The top curve, which was drawn f o r v = 300 
knots and ^~ 0,4, i s approximately the same curve which 
would have been obtained f o r v = 150 knots ando< s 0.2, 
S i m i l a r l y , the bottom curvo i s approximately c o r r e c t f o r v = 600 
knots and «\ = 0.2. Then, w i t h c< ~ 0.2 the e f f e c t of tar g e t 

v e l o c i t y i s shown by these curves. 
5. L i m i t a t i o n s . The m a t e r i a l presented i n t h i s s e c t i o n i s 

some^Fat""conpc'tura 1 but Is based upon reasonable assumptions. 
However, i t should be viewed only as an i n d i c a t i o n of the 
expected psrforsmnce of one of the l a t e r a n t i - a i r c r a f t f i r e 
c o n t r o l systems when operated by adequately t r a i n e d personnel 
u s i n g radar ranging and o p t i c a l t r a c k i n g under good v i s i b i l i t y 
c o n d i t i o n s . 
1. G one l u s i ons. 
1. p a r t i a l conclusions have been given at various places 

throughout the r e p o r t . These conclusions are summarized 
here. 
2. The f o l l o w i n g conclusions concerning the performances of 

various f i r e c o n t r o l systems i n c o n t r o l l i n g 5"38 guns f i r i n g 
V.T. fuzed ammunition against an a c t i v e l y maneuvering TD2G 
drono targ e t have bsen reached: 

a) O v e r a l l performance - There i s no c o n s i s t e n t , 
s t a t i s t i c a l l y s i g n i l T c a n t d i f f e r e n c e i n the performance 
of the F i r e C o n t r o l Systems Marks 57, 63, 51-5" and 
51-KivlG other than that of the maximum range at which 
T.T.B.'s f i r s t occur. There i s no s t a t i s t i c a l l y s i g 
n i f i c a n t d i f f e r e n c e i n the performance of Mark 37-1 and 
Mark 37-8 Systems nor i n tho performance of these two 
systems when compared with the performance of the 
systems Marks 57, 63, 51-5" and 51-HMG at ranges of 
2000 or mora yards. At shorter ranges than t h i s the 
two Kark 37 systems show a l e s s e f f i c i e n t performance 
than that of the other systems named and the d i f f e r e n c e 
i s s t a t i s t i c a l l y s i g n i f i c a n t . The performance of the 
Mark 52 system a t ranges greater than 1500 yards i s 
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B 
s i g n i f i c a n t l y i n f e r i o r to that of any other system, 
tut i t s capacity to score TTB'e at s h o r t e r ranges i s 
quite high. When a fixed-range of 2000 yards i s pre
set i n t o the Mark 51-5" the performance of t h i s system 
13 markedly i n f e r i o r to i t s performance when operated 
with variable range setting. 

b) performance on "At" Runs - There i s no s i g n i f i c a n t 
difTirehce between STTTElTf ire c o n t r o l systems t e s t e d 
i n t h e i r performance against a TD2C drone making i t s 
approach d i r e c t l y at the f i r i n g s h i p . 
c) performance on "Ahead" Ruga - In t h e i r performance 
against TD2C* drones making € h e i r approach a t an 
imaginary shi p 750-1000 yards ahead of the f i r i n g s h i p , 
the f i r e c o n t r o l systems t e s t e d f a l l i n t o three general 
groups. The highest type of performance occurs with 
the ISarks 51~£", 57, 63, and 37-8 systems, and there i s 
no s i g n i f i c a n t d i f f e r e n c e , between them. The *.terk 51-11^3 
does l e s s well at ranges under 2000 yards. Performance 
on these runs i s least good with the Kark 37-1 and 
Mark 52 and the d i f f e r e n c e between these systems and 
the others t e s t e d i s s i g n i f l e a n t a t ranges of 2500 yards 
or l e s s . 
d ) Performance on Supporting Ships - The data from 
supporting ships was e r r a t i c ! The amount of v a r i a t i o n 
of the performance of a given type of f i r e c o n t r o l 
system on d i f f e r e n t ships was much .greater than the 
amount of v a r i a t i o n of the performance of the v a r i o u s 
f i r e c o n t r o l systems aboard the WYOMING, 

3, Other conclusions are as f o l l o w s : 
a) There was no s i g n i f i c a n t dependence of the r a t e of 
f i r e per b a r r e l upon the f i r e c o n t r o l system, the course 
of the t a r g e t , or the typo of run. However, the run-to-
v a r i a t l o n was l a r g e . 
b) The use of t r a i n e d observers s t a t i o n e d i n v a r i o u s 
p a r t s of the f i r i n g s h i p , plus the supporting evidence 
of photographs, i s an accurate means of recording data. 
The cameras sometimes missed bursts or the t a r g e t , but 
proved valuable i n s e t t l i n g questionable cases. 
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Figure 18 
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Addendum To OFG Study No.26lj. 
Subjects E f f e c t i v e n e s s of D i r e c t o r nark 52 i n C o n t r o l l i n g 

5"/30 A n t i a i r c r a f t F i r e , 
References(a)0EG Study I To, 2Qjr, " A n a l y s i s of Teat Data f o r 

Comparison of Var-lous A n t i a i r c r a f t F i r e C o n t r o l 
Systems", C o n f i d e n t i a l , dated 2 A p r i l 19br6» 
(b) ConOpDovFor C o n f i d e n t i a l F i l e S e r i a l 
0251, " E f f e c t i v e n e s s of D i r e c t ci' ITcrk 52 In 
C o n t r o l l i n g $a/3B A n t i a i r c r a f t F i r e " , d.-;ed 27 
J u l y 19)4.6. 
l o I n reference (a) the D i r e c t o r Mark 52 woe 

reported t o be the l e a s t e f f e c t i v e system of the various 
systems t e s t e d by OpDevFox- c o n t r o l l i n g 5"/2Q f i r e , The 
d i f f e r e n c e s between the e f f e c t i v e n e s s of the D i r e c t o r Hark 
52 and t h a t of the D i r e c t o r s Hark 5'i and Mark 63 were d i f ~ 
f i c u l t t o e x p l a i n . A f t e r reference (a) had been i s s u e d 
the reason f o r the poor performance of the D i r e c t o r Mark 
52 v/as found and reported i n reference ( b } 0 

2. Almost two-thirds of the runs w i t h the D i r e c t o r 
Mark 52 were made wit h the Gunslght Hark 15 Mod. 3 S e r i a l 
993 a f t e r a c a s u a l t y to the Gunsight Mark 15 Mod. 15 S e r i a l 
5290, A l l Gunaights Mark 15 Mods. 2 and 5 were d e f e c t i v e 
and are to be c o r r e c t e d by OP.DALTS 2260 and 2359, 'However* 
n e i t h e r of theso o r d a l t s had been a p p l i e d to the e i ^ h t used 
i n the t e s t s before tho t e s t a were conducted. Vfnan the tent 
data are separated according to the s i g h t used, the perform*-
ance of the D i r e c t o r Mark 5 2 w i t h tho Mod. 15 s l ^ h t i s bettor 
than that w i t h the Mod, 3 s i g h t by a f a c t o r of at l e a s t two<, 

3« The r e s u l t s r e p o r t e d i n reference (a) f o r the 
D i r e c t o r Mark $2 should be disregarded. The r e s u l t s of 
f u r t h e r t e s t s w i t h t h i s d i r e c t o r u s i n g a '"Junoight Mark 15 
Mod, 15 w i l l be Issued by GomOpDevFor i n tho t h i r d and suc
cess i v e p a r t i a l r e p o r t s on P r o j e c t Op/s6o/s71«3. 

J. M. D0BT3IF, 
Operations E v a l u a t i o n Group. 


