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January 19lj-7 

OPERATIONS EVALUATION GROUP 
STUDY NO, 505 

SUMMARY" OP GERMAN TORPEDO FIHIHG 
IN WORLD WAR I I , 

WITH COMPARATIVE FIGURES FOR U, S. SUBMARINES. 

Reference (a) HavTeohMisEu Technical Report No. 202-45: 
General Survey of Gorman Torpedoes , 
September 194.5, SECRET* 

I« Summary 
This report i s baaed on a**study of IBM cards r e l a t i n g 

to German torpedo war shots* The cards wera prepared by tho 
Germans and have not been checked against a l l i e d records ex­
cept f o r a few comparisons reported herein,, Furthermore,, the 
card f i l e does not contain data on submarines that v/ere lo p t 
nor f o r any action a f t e r October 19l\k<> 

Tables 1 and 2 show an o v e r f a l l picture of the TJ0 S s and German submarine effort» However<> i t i s very important to 
note that the data i n these tables, as w e l l as a l l other data 
i n t h i s report are the result of combining d i f f e r e n t ordnaac© 
and d i f f e r e n t t a c t i c a l s ituations 3 therefore only conclusions 
of the most general nature should be drawn from the data pre­
sented* The figures f o r U» S„ submarines are given f o r com" 
parison« 

Tables 5 and ij. show the use of, and r e s u l t s with, the 
several torpedo types used. On the basis of per cent h i t t i n g 
the target American and German torpedoes compare as followst 

This difference i s p r i m a r i l y due to the f a c t that; the U» 3 
•used a salvo about twice as large as that used by tba GormanSc 
On the basis of per cent of salvos successful, the r e s u l t s are 
almost i d e n t i c a l (55$ f o r U, S,j 52$ f o r G&rm&ny)» 
IXo Introduction 

A f t e r the end of the war 9 the B r i t i s h Admiralty Delegation found i n Germany a f i l e of IBM cards describing th© f i r i n g of 
torpedoes by German ft/Boats* 

U„ S» German 
Acoustic 
Steam, straig h t 
E l e o t r i c , s t r a i g h t 
Pattern 

32$ h i t s 
35# h i t s 
29% h i t s 

h i t s 
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Te'sle lo SUjaiARY FICETHTS 
V fit fa? 3 
34398 

122 

39 

122 
2735 

Torpedoes (t o t a l ) 
Torpedoes (acoustic) 
Hits ( t o t a l ) 
Hits (acoustic) 
Salvos ( t o t a l ) 
Salvos (acoustic) 
Successful salvos 
Submarine months at sea 
Ships sunk by these submarines 
Ships sunk| t o t a l period covered 
Submarines l o s t 
I-Iorchant vessels attacked 
Merchant vessels h i t 
Merchant vessels sunk 
Torpedoes f i r e d at merchant vessels, 10009 
Hits on merchant vessels /{.005 

• 336 

2198 
1758 (5) 

1738 (5) 

3087 
2138 

•Targets attacked 
Targets h i t 
Targets sunk 

hoih 
1335 <3) 

1763 (1) 
)m cx) 

1777 (6) 

781 
253*1- (2) 
1713 C2) 
1236 (2) 
5362 (2) 
2701 (2) 

3986 

159S- (*!•> 

(1) U«S. Strategic area July lSh2 through May 19^3 
A t l a n t i c f o r June X9?i-5 through September l$kk 

(2) A t l a n t i c only 
(5) O.H.I» records 
(fj.) COniKOH -ffiCORDS, Pearl Harbor to V.K. day. 
(5) Submarine command 
(o) U/Boat command, t o t a l period 



Table 2« SUMMAnY STATISTICS 

Percent of torpedoes h i t t i n g 
Percent of salvos successful 
Torpedoes per salvo (except acoustic) 
Ships sunk per 100 sub months at soa 
Torpedoes f i r e d per ship sunk 

* UoS e Qerasa 

2«9 

78*6 
0.3 

Merchant vessels h i t per 100 attacked 69 
Merchant vessels sunk per 100 h i t 67 
Percent h i t s among torps f i r e d at U/V*B 37 
Number of h i t s per II/V h i t 1,9 

Average range of fire(except acoustic) 206$ yds« 2100 yds 
Percent under 1500 yards 37 50* 

Ik 
52 
1,5 

27a 

68 
72 
50 

I06 

* Sough approximation, since range i s tfiven only to 
nearest kilometer. 
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Table 3 - TORPEDOES F I R E D BY V.S SUBMARINES 

Y e i F X "SEolT Quarter Steam^TJTec f AcouT^*TofAX' Stsiua ETecT" Acoi 
19̂ 1 4 XG4 104 

1942 1 
2 

1943 1 
2 

?6? 406 
690 

?4o 
7̂ 9 

1032 
1170 

21 
SO 

369 
h06 

1053 
1H50 

10k 
96 

208 

256 

439 
4 

20 

1944 1 
2 

121? 
10 ?9 
1124 

i t 
57! 663 1021 

1 
4 

1308 
1262 
1700 
1688 

k6t> 
453 
5fo 

60 
202 
317 

2 
3 

30? 
352 
12? 

600 
612 
288 

48 
26 

950 
1012 

29 

150 
138 

§6 

10 
Ik 
12 

< 0TAL 10S05' 3471 122 1439S 37$6 996 29 
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The f i l e was reproduced.by B .A.D., and the reproduced f i l e va* 
forw&rded to the Operations Evaluation Group, The card f ? l ^ 
covers, but not e n t i r e l y U/Boat a c t i v i t y fro© 3 S&Dtember iV>,© 
to the end of October 1944c H i s incomplete with respect, t o " 
the a c t i v i t i e s of U/*>oate on the patrols on which they 
l o s t , and a assail amount of scattered information, believed by 
B , A , S . to have been omitted for no special reason'. Since **a^ga 
numbers of German U/Boats were l o s t during 1 9 4 3 and 1 9 4 4 , the" 
data f o r those years are p a r t i c u l a r l y incomplete v 

She card f i l e was never used by the Germane, I t \m& stLU 
l a the process of construction at the end of the war, and ooiit&in.; 
ft large number of inconsistencies. I t has been sc r u t i n i z e d aw-: 
many errors eliminated, but some undoubtedly remain, A summar 
of the contents of the f i l e appears i n Appendix ( A ) . 

I t must be emphasized that a l l figures and conclusions 
contained i n t h i s study are based on the claims of the Germanef as recorded i n the punched ce?ds described above, and thnt these 
data nave not been compared with A l l i e d records« A stud:; v/hiob 
v/culd be of i n t e r e s t would be a comparison of German claims 3 -^r.-p e o i a l l y fchoir descriptions or the targets with the A l l i e d casu­
a l t y records. 
Ill,_ P i a e u s e l o n of Tables and Graphs 

a*_ Torpedo Expenditore 
Table 4a l i s t s German torpedoes f i r e d , by quarter and 

torpedo type „ A summary of the frequency of the use of the var-
loue types, by year. i s given below., 

1 9 4 4 1940 1941 1 9 4 4 
X electric,(impact) 
X electric, iproximity) * * 20% 

^ steam $% 3% * 

M el e c t r i c , ( p a t t e r n ) • » ®> 

8 aocoustie *> -* 

L steam (pattern •a « •» s* 
other 4£ 2$ "1% 5% 

* Either aero or extremely small per;"; a i t age., 



Tab3« 4a. T O R P E D O E S F I R E D EST OKRMAiT S T J B K A B I K E S 

(See Appendix B for description of torpedo type,?} 

le&r H 
Quarter 

4 

Ac* Pattern 
T r 

Steam 

1 
26 
O 7 

32 

E l e c t r i c 

3 
127 

T" TOTAL 

6 191 

1940 1 - 7 35 146 - 3 191 
2 - - 8 54 219 - 3 284 
3 - 7 49 275 - 1 332 
4 - 11 55 258 2 324 

20TAl» "4 . 8 iic 

1941 1 1 3 40 182 2 1 228 
2 1 - 10 301 <. 1 424 
3 4 8 232 «» 1 245 
4 •Mr - 8 13 338 

I,T. 

li*<* 1 3 50 680 «. S 7 5 e 2 3 102 67S _1 784 
10 71 693 2 o2 828 

4 2- « * 7 67 
«j> pi 

698 35 101 910 

1943 1 
2 
3 
4 

3 
15 
67 
: J! 

30 
7 
30 
VI 
% ... 
».' •• 

3 
36 
54 

6 
8 
14 

•UP 

15 
22 
6 

543 
254 
100 
35 

187 
117 
160 
137 

43 
39 
o i 
8 

826 
450 
399 
318 

1944 1 
2 
3 
4* 

114 
BO 
56 
.5 

l'v 
4̂* 
6 
2 

73 
47 
65 
6 

1ft J. 

Y 
1 

7 
1 

58 
55 
14 

3 
4 
4 

281 
191 
148 
11 

TOTAL 3SB XX3 284 136 761 5758 767 310 8467 
* Beta very incomplete. 

8 

iff 
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These data in&io&to thtiL' the types Kf Yv ••luxx I' •rare '•.-:'•<• 6 
moat frequently u n t i l the en a «? 1943o Ir< I2V*-> the typs 
C acoustic) and M {pattern} wsre used" JECTS frequently «> 

Table lib l i s t s German torpedo h i t s by quarter 1 er-.a tc-iovdo 
t./pe s The t o t a l percentage success f o r each typsK. f o r the 
entire period i s as follows: 

Of a l l salvos f i r e d * $2$ were successful i n ob t a i r i n g 
on© or more h i t s * On the basis of successful salvos ;";he 
acoustic honing torpedo appears to have been about lo$ better 
than the nonhoming torpedo c However,, the acoustic homing 
torpedo was never f i r e d i n salvo, but only as a single shot:,. 
For the entire period ,j f o r thra most frequently used German 
•oorpedo types 9 the r a t i o s were: 

Torpedo Type Torp«/Salro 
a - acoustic homing i.=0 X <* e l o c t r i c (straigh's., impact) 
Y - o l e c t r i o { s t raight, proximity) i.-,? 
V; - abeam (straight * i.\0 or lik kts) i,,07 

Total f or - i l l torpedoes I* 3 

I f oconosny i s to be considered, the ruaxinuta aciva.vita:;o 
of the acoustic torpedo aay oest b i estimated by comparing 
tbe percentage of h i t s against the percentage of successful 
salvos a These two percentages, by major torpedo type tiv® 
&.? follows: 

Porcent salvos Paraent torpedo&s 
Torpedo Type successful h i t t i n g 

StraightCXj'-V.YjV) 
Pattern (H.L) Jp.s£ 
Homing (B) 6 l g hl% 

Total 52# Id;.̂  
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Table 4b, GErtKAN TORPEEO HTP5 
(See Appendix B f o r description of torpedo types) 

Year % Ac, 
Quarter 

14 6. 

Pattern 
TT r 

St aam 
vf 

E l e c t r i c Unk, 
"•"X Y~ T ~ 

1939 S — - 1 1 MB 

"fOT 
4 us 8 13 

A t'» 

45 «•» 1 

1940 1 .3 20 69 <M» 

2 3 20 78 •a> «. 
3 » an 3 21 159 <n 

4 MM 7 31 150 - «» 

, 'TOT 16 3 
1941 : i :, • « 2 23 39 1 

2 1 - 6 70 158 ~ 1 
3 0 2 122 1 
' 4'''' - 3 4 106 #» 
,1. ? 1 - 11 ' a ty i " 

1942 1 0 28 271 ua 2 
2 - - „ 2 55 267 1 
3 *** 2 36 309 1 33 
4 2 «*• 3 39 290 10 45 

lf>o -'i' 
1943 1 1 23 CXJ 5 8 221 83 18 

2 « 1 1 6 15 117 53, 14 
3 13 7 8 10 43 58 13 
4 46 i i 20 •* 

X 7 36 4 
Al- • • <rs 

w. • '•:.'.>/ 2m 4 a 

1944 1 72 8 29 7 4 16 «•» 

2 52 2 17 « 1 15 2 
3 21 3 24 mat X 5 1 
4* - - 1 C3* «. CM 

TOT A3 .u 
2 
67 

101 
183 
188 

115 
236 
125 
113 

301 
325 
381 
389 
\s> '& -5 

364 
203 
164 
125 

136 
89 
55 

TOTAL 206 62 99 62 402 2507 280 137 3755 

« Data very Incomplete„ 

UNCLASSIFIED 
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Total torpedo shots and h i t s are &hmxx graphic&."U.y In 

•figure to Hi© German r eeords show .fewer torpedoes .f:;.i;ad thfcii 
Hera f i r e d by U«S C submarines, but t h i s .is l a r g e l y elite, t o the 
lao'k of data from the large number of missing U/Boat*1-, 

be S3.so of salvo 
Figure 2 shows that both Germany and the UCS« tended to increase the else of the salvo as the war progressed, but 

the average f o r Germany torpedoes) was much lovrar than 
that for the Xi'«Sc (2o9 torpedoes)» The percent of successful 
salvos was about the same f o r the two countries, but the '(J.>S, 
increased to a maximum of 69$ i n the 2nd quarter of 19kht 
then decreased to the end of the war* I t i s i n t e r e s t i n g to 
note that the Germana were able to achieve about the same 
success as the U0S« subs with fewer torpedoes per salvo,, 

The t o t a l number of torpedoes f i r e d per ship sunk inereaset 
almost constantly i n the case of the German e f f o r t , as ehown i n 
Figure 5$ while f o r the U.S„ i t remained f a i r l y constant, I f 
average range can be shown to a f f e c t success., t h i s could be 
caused by the increase In range of German f i r e {see par,, f).-. 

Figures i|& and l\h show the number of ships sunk par 100 
submarine months at sea and the t o t a l number of submarines 
losto The Germans, i n t h e i r own records show almost constantly 
decreasing p r o d u c t i v i t y , and at the same time they had an 
almost constantly increasing loss rates The 00I.-IINCH figures 
on the re s u l t s of the U/Boat war give then c r e d i t f o r an i n ~ 
creased sinking rate beginning i n the 2nd quarter of 19ifi(..> 
This could have resulted from the use of the acoustic torpedo* 

In t h i s connection, Figure 5 shows that both the I'US.-, 
and the Gorman submarine ooagaanda probably were ovev-conaei'va-
t i v e i n giving the submarine c r e d i t f o r sinking a target that 
was h i t , St i s i n t e r e s t i n g to not©how t h i s conservatism i n ­
creased, f o r both countries, as the war progressed, then de­
creased.. The f i n a l collapse of the German u/Roat war i s re«-» 
fleets-3 at tlse end of the curve« 

Table 5 l i s t s the average number of torpedoes f i r e d at 
each target., by year and r e s u l t of attack* For the ent i r e 
period, the average number of torpedoes per tergot waaj 

peSnTar^eTn^^acEic' 
per target sunk 2 a l 8 per targett.damaged. 2o,?2 

UNCLASS.FiED 
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TORPEDOES FIRED per c.uarter 

German 

Figure 1, 

10 
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TORPEDOES PER SALTO 
(except acoustic) 

by quarters 

Figure So 
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TDTAL TORPEDOES FUSED PER SHIP SUNK 
by quarters 

Figure 3* 
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SHXFS SlfiSE per <ira?ta? pes" 1.00 Subs at **©a 

On basis of 
GerjEaa Siifeaarii-.D 
P a t r o l Report 

Subs at sea £:rom 
ConaJUaCh S t a t i s t i c s 

StIBMAJtJHES LOST par Quarter 

UNCLASSIFIED 
33 



SHIPS SuHK per quarter per 100 Subs at see 

— On basis, of 
XJB3o Submarine 
Patrol Report 

On basis of 
-.)". .; >;•• a t i s t i c s -

Subs at sea from 
S/il Patrol Reforms 

per quarter 
•WW 

.{ 

Figure 4bo U.S. SUBMARINES 

UNCLASSIFIED 
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PERCENT SHIPS Sum 07 SHIPS HIT by quarter 

Figure 5. 

UNCLASSIFIED 15 



I t i s i n t e r e s t i n g to note that an average of 2*32 torpedoes ?ms 
f i r e d to damage a target, v/hilo on average of only 2 0i8 was 
f i r e d to sink a target,, Damaged targets received fewer h i t s 9 howevero 

Table 6 shows the average number of aalvos per target, by 
year and re s u l t of attack* These figures show that f o r the 
entire period, the average number of salvos per target was* 

per target attacked 1.65 
per target sunk 1.72 
per target damaged l«o5 

Again i t i s seen that more snlvos were expended on damaged 
than on sunk ships. 

Of the t o t a l number of salvos f i r e d , 52$ wore success­
f u l i n scoring one or more h i t s on the targot. Of the number 
which were successful i n scoring one or more h i t s on the t a r -
f©fc» 75$ were e f f e c t i v e i n si n k i n g ships, and 27$ were e f f e c t i v e 
n damaging ships. An index of effectiveness of German torpedo 

f i r e can be found i n the number of ships which they sank per 
shot and per salvo. These indexes are: 

sunk or 
' ships sunk ships damaged damaged 

Per salvo 0.28 0.10 O.58 
Per shot 0.21 0.08 0.29 

UNCLASSIFIED 
1 6 
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Pitt .ly v>>; 

*6 #ad* target 
Sank 
1 i.XX 
1,27 
1»63 
1«J0 
1.20 

'i'orpedo h i t s 
on .»&ch turret 

i tOC 
1 , 0 6 

1 »5S 
1.5^ 
1«52 
1.55 

at 
0,50 
0..69 
IcCC 
1*02 

0.75 

Total 
torpedoes 

Tired 
per ship jnat&_ 

3o 6k. 

Ships 
convc: 

- t 

-•n 

4 * .-,-00 
1 * 70 

- ^ 

2*00 
1 »5l 
1*;-.G 
2.30 
2 bllj. 
2 »02 

1*00 
1 
l«i}ii 
1 »ij.5 
1 • 50 
1,50 

1,00 
0,9!}. 
1 «*17 
Go $3 
l«2o 
A 

3*6o 
3 ©12 
6,15 

7; rtj* 

1«62 
1.14 
X .$1 
2.28 
2,29 
l,k5 

1-55 1 = 52 

1-77 

1«16 

**?3 

1,00 
I 27 
J. i 
- >'f 1 . 5 "i 

0,55 
0,76 
0,99 
1,02 
1,0? 
0,75 



03 Table 6» AVERAGE 

Target Year 

A l l 
Ships 

TOTAL-

Salvos fired 
at each target 

TSSP* 

i * 5 5 
1 * 5 0 

l « 5 3 

1*2? 

Pired 
at 
1.50 
1.&2 
iM 
1,61 
1 . 5 8 

GO 

«*r.-,fr̂  ?EP TARGET 

Successful salvos 
on each target 

— 5*5=—Haired 
Sunk 
l o l 5 
1 . 2 5 

l^Sfi-
l 4 7 
1 » 1 J 2 
1 , 2 0 

1 . 0 0 
1 . 2 5 
1 4 7 
l J j 0 
1 . 5 0 
1 . 5 9 

at 

Total 
salvos 

fired per 
ship sunk 

Total 
torps 
per 

salvo 
1 « 0 3 
I0O8 
1 * 1 7 

l o 5 6 

lo5. 
1 5,2' "J t.OO 
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By eliminating other t-hsvc fterghtmt vessels, we obtain 
a more homogenoous picture or ©very-day (submarine warfare h and one which can be used properly"to compare the U. S„ and 
German a c t i v i t i e s s The number of" targets h i t por target-
attacked i s shown i n Figure 6} Figure 7 shows the number 
sunk per target b i t * Figure 0 shows the percent of ̂ orpa.?..;• 
h i t t i n g and Figure 9 the average number of h i t s por target 
hit.-. The s i m i l a r i t y , both i n magnitude and behavior, of th 
graphs f 02* the two nations i s apparent e 

^ c f̂£?.ot of o°n£9^L^Jfftus 
Table 7 shows the e f f e c t of torpedo ahots, by year and 

convoy status of the target. For the entire period, the 
percent of torpedoes h i t t i n g ies 

On single ships h2$ 
On unescorted groups ljB# 
On ships i n convoy 55$ 

There i s , of course, an Increased r i s k to the submarine i n 
an attack on a convoy, but he has a much greater chance of 
h i t t i n g a target not p r i m a r i l y aimed a t . The d i s t r i b u t i o n 
of t o t a l shots f i r o d i s as follows?. 

At single ships 69$ 
At unescorted groups l o $ 
At ships i n convoy 12$ 
Unknown Status V/a 

Independent ships which were damaged rather than sunk 
seemed t o drew considerably more f i r o , but received about 
the same numbor of h i t s ac ships that were sunk* On the 
other hand a ship damaged from a convoy drew about the 
same f i r e , but roooived fewer h i t 3 than one sunk from a 
oenvoy* 

e 6 Accuracy end f i r e c o ntrol 
Table 6 shows the c o r r e l a t i o n between aim point and 

impact point, f o r single shots« 

UNCLASSIFIED 
19 



UNCU.v.rlED 

Figure 7* 

SO UNCLASSIFIED 



Figare So 

AVERAGE HXTS PEH MERCBAMC Eli 
• . fey quarter 

Genua* 

Figure f*c 



g9tS at on gets at on gets at gets g9tS 
6k 4 8 k 61 99 

3 4 5 mo ota 2 2 0 

5 10 3 1 2 1 3 6 6 18 '-5 
<*» 

?G c. 6 6 
282 357 34 m 56 254 369 570 8ji 393 
29 38 18 28 26 12 19 59 88 c,;. 
55 m 69 27 46 

<VK9 
38 52 42 114 172 ir.8r 

J I y i s 
!L;<0 

199 iil>8 55 13k 85 155 500 k(>9 890 .UJC'9 

T4 4o 
78 

11 25 ±h 

39 

Ik "79 
1?4 92 

4o 
78 27 57 

±h 

39 32 k l 10? 19*0 i l ' f ca i *' 1 *J 2 3 2 .. ...5 - 0 ^ 

307 657 198 50k 506 823 
121 287 197 68 158 107 ox 209 282 " ./ •'"it 

120 29 53 42 1"! 7 120 OCIE; 10 4 n . 6 3{ 29 
6 l i 1 2.M ^ 

Table 7<, EPPF.CT OP GEHMAJI TORPEDO SHOTS 
By Year and Convoy Status of Target 

_________ . : _ ; 
• " - " •*-" ' " " " I £unk^2" r"~ T^~'^1^5Sge<f"" "T7^p7j^^B°^ '^'ftaT 'J 
year Convoy Tar» ' sKoHs TtTBs Tar^ shots HiTs Tar-"H3hots Tar- TSKots""frv-.f.- Z S i  

status 
1959 Single 

UnesceGroup 
Convoy 
Union own 

TOTAL 
I9I4.O Single 

Unes&Group Convoy 
Unknown 

19ljl Single 
T?nos« Group 
Convoy 
Unknown 

1942 Single 
UneSoGroup 
Convoy 
Unknown 



19*43 Single 219 58l 563 
Unes. Group 83 232 162 
Convoy 77 169 126 
Unknown 4 12 5 

" - »t* ** • ^ -7' --" ^ 

19i»4 Single 74 106 89 
Unas.Group 45 98 72 
Convoy 22 38 26 
Unknown 1 2 2 

Total Single 1288 26l3 1842 
Unas.Group 312 JZ{ 519 
Convoy 251 513 391 
Unknown 6 20 10 

24 
1 

2% 
50 
1 

13.1 205 

36 2£ 
V?5 118 

57 

497 1261 47.!; 
164 it28 2i4 
129 276 162 

14 20 6 

45 
11 

99 
23 
13 

70 
13 

9 

94 
34 
14 
11 

1 213 539 159 
90 187 85 
§2 85 35 
12 20 
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Table 8 * AIM POINT VS IMPACT POINT 
Single German Torpedoes only 

torpedo T I T j»oini of itSacT" ~ ~ 
type point 1 a ? J& Total 

A l l 1 1 1 2 6k 1 1 4 9 2 J 6 
torpedoes 2 1 8 2 5 5 3 8 6 3 0 1 1 1 2 2 

3 1 1 6 2 1 0 
4 l 4 40 24 1 1 2 1 9 0 

TOTAL 309 658 127 464 1558 

Type V 1 1 1 0 1 5 
2 6 1 3 3 6 28 

0 0 0 0 0 
0 0 1 5 6 

I 'OTAL 7 34 k I? 31 

Type W 1 1 6 6 1 7 3 0 
2 2 7 1 1 2 2 0 5 6 2 1 5 
3 0 0 2 0 2 
& 0 6 5 2l| . 3 5 

TO'iVsX, i;3 124 20 0 ? 282 

Type x 1 9 3 , 5 5 1 0 3 5 1 9 3 
2 im 4 0 2 6 3 2 2 0 8 2 9 
3 1 1 3 2 7 
h 1 3 3 2 1 8 82 1 4 5 

T O ? A L 251 lj.90 94 • 339 1174 

Type Y 1 2 4 0 6 1 2 
2 5 26 0 1 9 5 0 

0 1 0 1 
1 2 0 1 4 

T O T A L 8 32 1 26 67 
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torpedo h i t - s : h ^ po:i v l or Utr> ;3hi;r< f o r - ,U; " i s T i ' i ^ c i 
f ' l x l a t©*»1- car- hf n p ; i l i e i . os;!*. to str a i g h t :< r=r>n5.,Tnf iwp&auHm,, 
and t o s i n g l e torpedo a l l o t s A S t a b u l a t e d i n Table 8< !che 
point i? of reference usee, are' 

1 • Forward 
2 - Anidships 
5 « Engines (Although "Engines" have B O f i x e d place* 

they w i l l usually oorae at ox* between 
Class 2 or !u) 

k - Aft 
The following table glvos the values of e modified r»&nV:-
difference c o r r e l a t i o n c o e f f i c i e n t which varies frois the 
value " 0 " i f the h i t s were equally d i s t r i b u t e d along the; 
h u l l reg*ypdle»s of aim points to " 1 " i f the toi;pedoo& a l l 
h i t the point at which they were aimed,. Trio development 
of the formula f o r n'if i s giver i n Appendix 0-

Torpedo type ^ ^ R ^ 
V - (steams, '60 knots) Jx2 
"/ - (steam,* l\Q knots) ^ „ljif. 
X « ( e l e c t r i c , contact) d\3 
? - ( e l e c t r i c 8 proximity? ^S JL, 

A l l types . X&' 

The increase i n RtVi) over R(V> ,1B to be expected on 
the basis of the greater speed of Type Oe Type Y wos used 
l a t e r i n the war than X s 

f« Range of f i r e 
Figure 1 0 , which indicates no appreciable v a r i a t i o n 

of accuracy with range, i s included because of the ges&ra* 
currant interest i n the subject» Howovst?* rtwge i s e-orx-alate 
with many other variables and u n t i l i t r.an b-* separated fr-on 
their; no r e a l l y v a l i d conclusions can be reached an tlu> e f f o r t 
thot i t 2v*y have© {.Motes a study of t h i s nature i s now i n 
progress i n the 0»E*3„} Figure 11 show a how the Gsmuns try 
creased range of fi.?e oa the war progressed* 

Submitted by; 

Approved by: £mJP^^d^/^^ 
(29 m T> (Itu^As EAm> B. ffATJKJiS^, 

(HjS&pf^C OT* * Operations Evaluation Grow, 
Operations Evaluation °rCU|Jĵ Q|J^J|p||-0 
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Figure 12. 
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Appendix As GOWZZmS OF CARDS 
CAPTUHED I?T GERMAHX' 

Card .Mou 1 (applies to one aalve} 0 

1 » S e r i a l number 
2 ; U/Boat 
30 Date and tiiae 
If.o Hater depth 

* 3<> Area 
* o a V i s i b i l i t y 9 weather, overcast, day~night«twilt£ht 

Uind and sea 
ater temperature 

9» Target type, cargo, tonnage, convoy status, d r a f t v length 
10a Type of salvo, divergence, depth s e t t i n g 
1 1 o Faulty torpedoes and f i r e c ontrol 
12o F i r e control and trim angle 
13« Aim point 
11}.i Dive and turn a f t e r f i r e 
15• Hits 
1.6. C/0 of U/Boat 
17 „ Torp« running time 
180 Attack o f f i c e r 

Card Noo 2 (applies to each torpedo) c 

•1, S e r i a l number 
20 Running depth 
H. U/Boat course and spood 
f{.» Target bearing, course, speed 
5= U/Boat angle on target bow 
60 Range '•« F i r s t 3 s t . , f i r i n g , TDC 
7„ I n i t i a l torp<> run, loop, "jit speed 
8* Evidence of h i t , t ypa 3 and ef f e c t 9«, P i s t o l type 

10. Torp 0 type and opoed 
11. Failures and causes 
12e Energy counteraction 

** 13. Point of impact 
14.0 Torpedo gyro, course, angle on target bow 
15« Angle between torpedo and s w e l l 
lb« Time f o r target to sink 
170 Loop i n which h i t occurred 
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Appendix Bs n3SCmXP?X0*r OF Gk3tt*f.H 

TQRPIXJXIES 

T«Xt A steam propelled torpedo, with wak*4 Sp-aod 
30 knots, range 12,500 »seters, ac<yuracy J3J» of renge, 
T*Xt Modified f o r a speed of h,Q knots.-,- rang© 7„500 
meters5 or a speed of Ijlj. knots, rarge ^t.QQ0 m-rterr,, 
T-X Pat I? A 50 knot anti«*ccnvcy torpedo,. Aft or an 
i n i t i a l s t r a i g h t run, the T-X Fat I. turns 90° to port 
or starboard, and thereafter makes lOO° turns;.:. The 
sett i n g of "long" (5 knot) legs or "short" (7,'.> knot.'1 

legs determined the rate of advance.. This torpedo 
was designed to be most o f f i c i a n t rhen f i r e d a r 
angle of 90° to the course of the convoy.. 
T-jiXs An e l e c t r i c , wakeless torpedo., powered >.;«' a 
110? battery developing 90 hp 0 Spec d ;<0 k n o t s ' range 
5*000 meters i f preheated to 30° 0j 3,000 sejoss i f 
not preheatedc ' 
T-III J An e l e c t r i c , wakeless torpedo 0 f n i s t;fpe S.e 
the T-II adapted f o r use with the proximity p i s t o l 
Speed 50 knots, range 5»°00 motors I f preheated to 
30° C| 3,000 meters i f not preheated* 
T«IIIai An e l e c t r i c , wakeless, torpedo f i t t e d xrith, 
proximity p i s t o l . The T-III had tco short a iviagp 
to permit the use of figure-run devices! therefore-
to increase the range i t was f i t t e d with a laivgor ha?.t&ry 
This modification, the T-IIIa, had a range of 7...5OO 
meter.*3 at 30 knots with 30° G preheating,. Fox* a 
range of 5*000 meters the aiming error vm% of 
the running distance} f o r larger distances 2$, Beth 
Pat I I and Lut I were combined with the T-XIIa : 

T«IIIa Lut Is An e l e c t r i c 3 wakeless torpedo f i t t e d 
with proximity p i s t o l and modified tracking pattern<* 
The l e g length could be adjusted to the speed of ••h.o 
target, and the torpedo could be f i r e d at a tar'rxeu 
i n a-position of 0® to 36O0 from tbo submarine. r;y" 
adjusting the p o s i t i o n and rat© of advance to the coype^ 
and speed of "the target, a higher p r o b a b i l i t y of h l t i i r i ^ 
was eitpeetedo 
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M 211 a Pat IXt i o ,k;' ?:->{>.• :. v i 
vi';,h a prosclurivy p;„3ioi . :-c *&>.'. *** . 
pattern': could have elTt-.s?:; vlo i.vr' , ';• U-\ 
sotild c i r c l e with a dl^ir.'jai* c* 'lij-t-
'Zlio c i r c l i n g toppc-does •.«;:•?3 desi .»;:>5»! r 
3. target i n " a p o s i t i o n o:" 0t:' to l i - i ' 
marine« 

B 1S«I¥ and T-V* Aeotistieiuliy scnti'SiUati,. 
Speed 2lj.»5 knots, ale3t'-??.aally dr?.*wn» 

30 
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- i y p e n d i z '/'B>> K C i > i P T J k i M - - i v v i a ; ,u'05 

CGI?RJ]T,AT'iO'iT CK>EF i l O l i i T , 

desire a measure of rank c o r r e l a t i o n i n a square diyt.v.i^ 
bution where a l l c e l l s may contain frequencies/ the r a n k 
procedin^ from 1 to n by un i t inaerv&ls<. 'Bio measure 
should ftive "0" i f a l l c e l l s have the ssone frequency and 
"1" i f a l l frequencies l i e on the p r i n c i p a l diaponsi, £y • 
the nature of the problem negative c o r r e l a t i o n In Snadois-s-* 
i b l e o The measure should be simple to compute» 

Si-! •ivah a measure w i l l be given by 

fXY I X ~ Y J| ss 1 w isgsi. K 

where K. i s to be determined so that the lower l i m i t of 
R w i l l be 0, The upper- l i m i t i s f i x e d at "1", sines the 
fr a c t i o n w i l l be 0 i n the case of l i l correspondence i n 
rank* 

How i f each of the c e l l s contains "a" items tl-.e 
numerator of the f r a c t i o n w i l l be, by reference to Figaro 
1$ 

n«l n-r 
n( n 2 -

r ^ l u=l 3 

which i s equal to 

( n 2 - 1) Z^fXY 
• : • • 2 t a 

since *L-> fXY • n2a» 
ITow since ft = 0 f o r t h i s case. 

3n 
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R « •» ... 3a £ J fxy i X»Yi 
( a 2 - l ) 7* fXY 

which reduces to 

for the case where n » ij. e M i s the t o t a l nmber of ob&erv 
tlons i n the table 0 

X 

1 2 3 k 

3 

5 

If 

• • • « » n 

1 0 1 2 

k 

3 

5 

If 

• • • « » n 

2 i 1 0 1 2 3 

3 2 1 0 1 2 

i | 5 • 2 1 0 1 

5 : 
c 

* 

e . 
. o • 
n . 

3 2 1 0 

Figure 1» 
The figures i n the c e l l s are vt « j X«Y 

OMISSHD 
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