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TECHNICAL REPORT No. 485-45

GERMAN POWDER COMPOSITION AND INTERNAL BALLISTICS FOR GUNS

SUMMARY

This report gives z list of propellant powder compositions for Ger­
man guns from 20 mm upwards together with the internal ballistics produced 
in each gun. A short statement on methods of internal ballistic calcula­
tion and also on closed bomb determination of ballistic constants is in­
cluded*
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Closed Bomb Work and Internal Ballistics Calculations (B)(Conttd).

work was done in the Deutsche Waffen Munition-Fabrik research laboratory 
at itibeck. ■

2. Apparatus Closed bombs of various capacities up to three and one- 
half liters were used. They were constructed with a liner and shrunk-on 
jacket and were tested at. JO tons/sq.in, The chamber length was usually 
five or more diameters. The cooling water was pumped through a water jac­
ket from a thermostat. •

The charges were loaded in much the same way as in the gun and with 
a similar ignition system, i.e.: gun powder with or without NC igniters. 
The breech end was closed -by a steel cartridge case containing a percus­
sion primer. This case'was reformed after each round and had a life of 
about 30 rounds. (It is said that some used a mushroom head with rubber 
gasket). .

Zeiss-Ikon piezo-electric recording sets were available at Ldbeck, 
Dtlneberg and Essen. That a LUbeck was used for closed bombs, rockets and 
guns. Calibration was by the simple press supplied by Zeiss-Ikon and of 
the approximate accuracy of 2%. The set at Dflneberg was similar but sel­
dom used as a mechanical gauge was preferred. At Essen both pieze-elec- 
tric and mechanical gauges were used and both considered accurate, but a 
special unit was made to calibrate either type of gauge in position in the 
closed bomb. Krupps also used a piezo-electric gauge for gun measurements 
both in the chamber and on the base of the projectile.

The mechanical guage used at Dtineberg was quite accurate utilizing 
a one piece beam of flexible steel with a mirror mounted on each end and 
the piston from the bomb working against the center of the beam. A beam 
of light passed over first one mirror and then the other and thence to 
the sensitive paper thus giving double optical deflection. The gauge was 
calibrated in position by a dead weight testing machine. Waterproof re­
cording paper was used to minimize shrinkage in processing and this error 
was allowed for by printing two accurate centimeter scales over the record.

All the gauges used the same piston for transmitting thrust from the 
gases. This protruded into a recess inside the vessel and was protected 
by a thimble filled with grease which formed the obturation. Its cross 
sectional area was 0.250 sq.cms.

' - 4 -
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. (C) Method of Analysis of Records. Powders were almost invariably 
fired in the form of tube, strip or flake, all assumed to have constant 
burning surface, '

By mean.- of th? thermostat the closed bomb could be fired either at 
’ normal or high ten:/natures but no provision was made for low temperatures.

’ In the piezo-electric sets the time-scale was provided by a flashing 
tube controlled by a 1000 cps tuning i’ork. For the mechanical gauge the 
tJme scale was provided by accurate control of the angular velocity of the 
drum.
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Closed Bomb Work and Internal Ballistics Calculations (B)(Cont>d)
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For any given size of a given powder composition, measurements, of 
force and covolume were made by firing one round at each of five or more 
densities of loading. Then if P Man/Z\ were plotted as a function of P 
max >1500 atm. would lie on a straight line. The intercept of this line 
oh the zero pressure line gave the force constant, F, and the slope gave 
the co-volume N. Since no heat loss correction was applied, the values 
of F. and N depended on the web size of the pcwvder, F diminishing N in­
creasing with increase in web size.

1 Two methods of determining the relative quickness of the powder were 
used, depending on the use to which the results were to be put.

The simple method assumed a linear rate of burning law and no co­
volume correction. Under such circumstances the pressure must be an ex­
ponential function of the time. Times were measured at which the pres­
sure reaches P, and Pie, where P, is some arbitrary pressure, about 1/3 
of P max’ and e « 2.718. Jfr T is the time interval flrom P, to Pie* then 
TP max • Y equals D/B the reciprocal of the relative quickness, The 
beginning and end of the pressure curve are not used because they depart 
from the ideal exponential curve, mainly owing to irregularities in ig­
nition. The relative quickness obtained by this method is almost ind­
ependent of the density of loading for deglycol powders. For gudol pow­
ders, however, the relative quickness diminishes at higher densities of 
loading and the figure used is that for which P max equals the maximum 
pressure to be expected in the gun.

At Essen a more elaborate analysis was used, the appropriate force 
and co-volume constants being used to calculate 2, the fraction of the 
charge burnt, at each of some 20 constants of time for which the pres­
sure was read off the curve. Then 8 Pdt was plotted as a function of Z
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using a value of 2 given
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The gas was then assumed to expand adiabatically 
by:

For experimental powders log P was plotted against time, using log- 
arithmatic graph paper, and the curvature of the line showed whether the 
powder were progressive or degressive.

In choosing a given solution for use it was considered that the vel­
ocity at burnt should never exceed 90% of the muzzle velocity in order to 
obtain reasonable regularity. This gave a minimum value for the relative

The
about the right web size, 
shot staged to move,

F s 1 +■ F/(J x cal. cal.)
1.2

and the slope of the middle part of this curve, which was nearly linear 
gave Y. Results varied slightly for different densities of loading and 
a mean value was taken. ..

A more elaborate method was used by Krupps in detailed design of new 
weapons. This used closed bomb data for force, co-volume and relative 
quickness and started frpm a shot start pressure. The co-volume correc­
tion was applied in a step by step integration.

RESTRICTED
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(j) Application to Gun Calculations. For most purposes a very simple 
method of'gun'calculation was used, similar to the old ADD method ~ 
closed bomb figures for F and N are estimated for 
The powder was assumed to be all burnt before the 
giving a pressure

Po - F/l//\ - N

where HJ is the mechanical equivalent of heat in the appropriate units. 
This adiabatic curve was then intersected by a constant pressure line P 
x P max (crusher) and this line together with the adiabatic line to the 
muzzle gave the pressure-space curve used for design purposes. A factor 
of 0.96 was then used to allow for rounding off the corners of the dia­
gram in calculating the muzzle energy (W + C/3) VO2. A further 3% or 5% 
was substracted from the muzzle energy to allow for the frictional losses 
with one or three driving bands respectively. This method did not involve 
propellant size or the position of all burnt, but gave reasonably accurate 
results in experienced hands.
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Application to Gun Calculations (D)(Cont’d).

quickness of the powder, For low performance weapons, of course, V burnt 
would be about 20* less than Vb.

(E) Special Closed Bomb Investigations, Three special closed bomb 
investigations deserve mentioning. In the first place a study of the ef­
fect of moderation on the burning properties of small arms powders was made 
both in the closed bomb and in the gun, at Ldbeck. For chopped NO tube 
moderated with about methyl centralite or camphor the progressiveness 
due to the moderation counterbalanced the degressiveness due to the short­
ness of the tubes, giving an effectively constant burning surface.

Secondly at Dtyneberg a long and detailed study was made of the effect 
of varying the ratio of external to hole diameter, and of tube length to 
hole diameter, on the burning properties of powder at various temperatures. 
The general conclusions reached were as follows:

(a) The mean rate of burning increased and became more irregu­
lar when the stick length exceeded thirty times the hole diameter. The 
temperature coefficient also increased in the same way.

(b) The mean rate if burning became irregular if the ratio of 
external to hole diameter exceeded 2.5 for powders with cal. vol 300 
or 2.0 for powders with lower cal. vols. since different factories pro­
duced powders with different ballistic properties it was necessary to lay 
down tolerances for hole size as well as annulus and tube length in order 
to obtain both*the required relative quickness and temperature coefficient, 
Jhip work was carried out in conjunction with gun firings.

A third Investigation was the effect of atmospheric humidity on mois- 
turq content and so on ballistics, but this was done mainly by gun firings.

Other Investigations included the taking of gas Rampies from guns or 
closed bombs by means pf a small evacuated closed vessel placed In the cham­
ber pr screwed into the wall. This small vessel was sealed by a disc, which 
pip|urqd at a suitable high pressure and admitted the gap saaple. Experi­
ments with this apparatus showed that for Ngl, and Digl. powders the gases 
bbd approximately the calculated composition but that for gudol powder# 
the wa|er gas equilibrium constant was well below the theoretical value. 
yfyp pa# believed tp be dug to the shortage pf oxygen in such powders. The 
S9htirwQd pressure rise |s plofed bcuba firing Oudol powders a|ter the

• - 7 -
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Special Closed Bomb Investigations (E)(Cont'd).

chcrge should be all burnt was believed to be due to completion of some 
gas reaction which could only proceed slowly with such powders.

A somewhat similar apparatus, in which the gase$ produced in a small 
closed bomb ruptured a disk and expanded into a larger closed bomb.was . 
used for measuring the smoke produced by various powders. In this case 
the large vessel was fitted with a light source and photbCell.

Notes and Abbreviations to Tables,

1. Theoretical cal. vol. in Table I have been calculated by personnel 
of Armament Research Department, Woolwich, England.

2. Units of Force in Table I and II are tons/sq* in. per gram cent­
imeter.

3. Additional German values not given in the British translation of 
these tables are included in Appendix to Tables.

4. Abbreviations:

NC Nitrocellulose
% N Nitrogen content of NC by weight
NG Nitroglycerine
DSN Diethylene glycoldinitrate
Trigl Triethyleneglycoldinitrate
Pic Nitroguanadine
Akar Akardite • . k:
Centra Centralite I
AdgO Magnesium Oxide
Graph Graphite
Nn Nitronaphthalene
Hyar. Hydrocellulose
DNT Dinitrotoluene
MJ Mineral Jelly
Phth Dianylphthalate
Ephu Ethylphenylurethane
Dphu Di^henylurethane

- 8 -
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APPENDIX TO TABLES

.Supplementary Data on German powder Compositions

Powder No. Description
German Theor. .Specific 

__ CM^/kg,Cal. Vai. Cal/gm

1 Ngl. Pl. P-12.5 1198 814
2 Ngl. Bl P-12.5 1144 829
3 Ngl Blp - 11.5 1023 869
4 Ngl. RP - 9.5 832 943
5 Ngl RP - 8 725 981
6 RP 32 719 938
7 Digl. BIP - 10.5 925 953
8 Digl. BIP - 10,5 916 957
9 Digl. RP - 9.5 841 970
10 Digl. RP - -0.3 740 994
31 Digl. RP - 8.2 717 1005
12 RP - 38 686 1019
13 RP - 38N 695 1010
14 RP - E 579 1066
15 Digl. RP - KO 571 1088
16 Digl. RP - KN 559 1055
17 Digl. RP - KOD 575 1052
18 Digl. RP - GO 503 1123
19 Digl. RP - GO.5 497 1108
20 RP 40 540 1078
21 RP 40N 577 1063
22 Digl. RP-G1.5 498 1920
23 Digl. RP - G 2.5 509 1069
24 Digl.. RP - G.5 1035
25 LgP 40N —
25a Igp 40
26 Gup - AO to al.3 830 993
27 GuRP - 39 713 1023
’28 GuRP - 7.5 537 1100
29 GuRP - 8 736 1007

- 9 -
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Appendix to Tables (Cont’d).
German Theor.
Cal.Vai. Cal/gra

Specific Gas. Vol. 
. ____________Powder No. Description

30 GuRP - KN 518 1074
31 GuRP - GO 531 1102
32 GuRP - G5 476 1051

Prepared by:

C. H. BROOKS, 
Lt.Comdr., USNR.

G. H. NEFF
Lt., USNR

T. L. MILLER
Lt., USNR

J. B. CAoTNER, 
Technician

- 10 -
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wt
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1. Rgl.Pl.B-12,5 -

e. M*1-B1.P-12,5 -

a Igl.Bl.P-11,5 -
* (M*1.R-P.- 9,5 - 

'B. P. 19 or Bps'll
5. Mgl.B.P. - 8 -
& B. P-32 or KPC/JS

7. Digl.Bl.P.-10f5 - 
(Bavitaera)

& DigX-Bl.P.-10,5 - 
(Priaary chargs)

a mgi-.a p. - 9,5 -
10- Dlgi.ft. P. -8-0-5 

(J.7-C®. Flak)
n. foi«l.R.P. - 8,2 - 

(D5.01.R. P. - 8 -
12. a. P-58 or HPC/38
>3. R P. >8 H
1* R. ?.-8- ••
li 1 Dlgl.aP.-K-OL-

1 w -K.l —
16. Di<i»a,P. -K-fc-

- i -

User
---------------------------------------- ------ -----------------

Coapoaltion A

1.

W.C. IM X.Q. Akar CeOtr M»0
Aw 54.40 12.90 44.30 0.30 1.00 0.05

Anv 59.51 13.75 59.54 0.35 0.75 0.05

Aw 57.75 18.75 38.50 - J.60 0.05
Aw) 
Wavy)

64.15 11.90 29.77 •• . 5.75 0.25

Aw 67.07 11.40 26.06 - 6.50 0.35
Natty 66.60

2±_

11.50

D. E.

35.90

G,.P- It p?

7.35 
skst

0.15

N.C. D.G.N. Akar Ctatr M»0
Ar^r 53.68 13.00 35.78 0.25 O.25 0.05

Arogr 54.72 13.00 44.78 0.25 0.25 -

Anqr 61.80 12.60 36.45 - 1.50 0.15
Flak 68.50 11.90 29.25 3.20 0.15

Flak 67.70 11,90 29.05 3.00 0.15

Navy 69.45 12.20 25.30 5.00 0.15
Wavy 68.72 12.20 25.05 •» 1.50 0.15
AU 6O.55 12.00 25.95 - 3.75 0.15
Flak 64.15 13.00 27.50, - 5^35 O.15

Flak 61.08 12.00 26.17 7.00 0.15

“ 0 b y v» i f h t Cal. Force To Thsor.
Vai. British OaLWl.

Units "X

taffa
0.05 1390 79.4 4085 1297
0.10 1255 77.8 5910 1256
0.10 1150 74.1 5550 1159
0.10 950 67.3 2975 598 i

0.10 840 62.5 3650 827
0.10 850 62,4

।
2630

816 !

CH|>h c*Kn JLJ. Ph th. K2SO4
0-05 1020 72.1 3150 1005

•* 1030 72.0 3130 100.8

0.10 950 68.4 3940 953
0.10 0.3c 870 63.2 2650 840

0.10 820 62.3 2570 809

0.10 810 61.0 9495 765
0.10 4.50 810 61,7 3545 774
0.10 2.50 (4.00 DKT. 5-00 Ry*-} 750 55--' 2175 638
0.10 1.85 0.90 0 725 55,5 2125 634

or LOO or 653
0.10 1.25 0.25 4.00 7J0 55.8 2125 665

i______ ______
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Gun
Calibre 
ma.

Otar*
Typ* 81m■M*

II 5 ob. Mt. (K-tut.)( 
(Casual* A tosar) (

50 DtfriLB-M- 310x4.4/8 .770
1.
T.

rO*.aui-n>5-
TMtfUM’l.-iaS-

5x3x0^
M5x95 (!**•) .216

5 ca. ML (K.feT.M 
(Casual* * tarn) (

50 As first tso dlargss of MX 
(1/80)

IX 5 ca» Mt auto**tic(
I

50 nuufeB-a i- ■ ass x a-j/i 
•

•®55 •

IX Gerat 58 so DitfMLP.-KD.5~ 37OXM/1.5 1.08

It 7.5 o» ML40 A ( 
7.5 on. Stu. K-40 ( 
(Tank and S.P.) (

75 DdtfMLB-G0.5~ JR***4,5 aa

' 91 7-5 ei»" fJJ K-42 ( 75 Gu. R-P.-Gl- 560 x 444.5 4.19
K ( or OtfUR-P. -Gl- 560x5/2 4.13

' (ft Digl4LP.-G0^- 530x^4 2«3
7-5 c=- S.K. C/34 ( 75 Ns. R.P. 500x6.5/1.8 0.93
I (t/J3) ( or Kgl. !l.P. 290 x 44/2.6 1.00Id ( or a.P. 38H 290x3'9/3.6 1.90

/. 11. I G 18 (
I (r/n.e» (
(For infantry) (

<

75 1. ltl.PLP-12.5 
2.?gl..?l.B-12.5 
3.
4.
5.

:7t. of Ch
1. "

50 x 0.2
• 73.5x0.8 n

it
i»

1 is included 
=0 x 0.2

.0155 

.0320 

.0310 

.0475 

.0715 
in Cl:.
as

i ( 
(

(

— 
S 

* 
s 

0 
S 

ft 
v 

oa t<> 
in

73.5x0.8 
1)
tf
H

above
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Shot 
wt. 
k*«.

. Chester___ Shot 
travel 
ana.

Total 
cap, 

litres
ftweenre

M.7. 
y» ProjectileLength Cap* 

llfces
Working 

kg/'aq
1Design 
.Ofo

9.06 535 1.1 297J 7.3 8500 3300 870 neze/
1.88

8.06 309.5' 1.83 8973.5 7.19 2600 35»
575
870

fuze* E.

A.P.1.82
8.06 898.J, .88? 3Q58 7.48 2900 3500

575

850
H.E.

A.P.
8.195 II M II n w 860 H.2.

8.0 388 1.41 3880 9.05 3000 J700 uno A. P. 5.3 cals.

6.8 537.8 3.17 «• «■ «. 3600 790 A.P.39
4.10 
5.74 
8.8 
4.57 
4.4
5-0
6.8 609.2 5.1 4416 25.1 3000 JGOO

990 
565 
555
465 •e5 
465
955

A.P.40 
It E. jx

&K.J6
H.E.53
H.E.J8
A. F. J.S/42

5.74 578.2 4.9 4447 1500 It

•
700 H.^.42

5.85 325.5 1.45 2179.5 11-54 2400 2900 620

5.45 60.6 0.24 721.2 5.56 1400 ieoo 95 H.7.. 1c

2 to
6,CO

5 to gi: /rr 'Cota1 r.t. Ox ' the cor •T>3ite ch

1
1

112 
IX-

172.5 
221

fy* 
jG9-5 
151.5 tr,-> 
•211.5

«
• 
w

4*.. ..*?
1 '*

1

t >
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I i (Mto Qh*r®» Shot Chrnbiw Shot Total PnuaanFi - ■m* trt.
Ms.

wt.
Ms.

Length Ocp. 
Itos

travel 
LIB*.

can.
Uhras

forking 1 Design 
kg/sq.cn.

«. v. 
n/s

rrojrt'it'

1. 7-5 <* Br.x* 
|Sto O. 
((TaskA3.A)

( 75 M* H-T-JftJ-
dhi

50x0.1 
I>5x5.y« 
vt. .410 M*«

.040..jro> 5.74 
0.10 
4.40 
0.10 
0.10

10.7 0.6 1563-5 7.2 24CO 2800 42U 
385 
450 
430 
4>0

JLK.
H.F.. 52 
dnt. ixoa b mZ 
soft. • '

7. {Mu Swcfc. X 
ptantaia (ha)
I 

n;

l 1

ft :

1

75

■

I.
3. •
5. •
4. •
5.

Ch. ii
1. ill chary ।
2.E

5.

• xl/1
a
9 

i50xi»yi 
1 «U am alm, 
a abavs.

.19 

.151 

.1® 

.173
•930 

act to

5.74

pottts 
5.9

!M 0.9 1054 5.75 2600 5100 200 
240 
»5 
354 
475
200 
06 
280 
358
475

R-R.,x<

It 
(Aldxlcx 

iw)

». JScb. K.15 ‘

A j 
» >

( /

/ %

75 1. (KgL.KL.P.-
2. (12.5-
5. ( (to 00 ।
4. nsLB.B-0.5- 

(tolDy. 4 
Ch. 4 to* a

20x10x1.5
■m. 4x4x1) 
ii.5xyfe8 
JLB.P.-U4-50 
»t Qctoinaqrl

•147 
.182 
.02 
•5J» 

xCklO 
IgL U.

5.743
4.56 •

?. fto

100.4

1 the otl

0.7

XBX* chl

829.6

iTQes.

4.5 2100 355 
W 
XH

)£.£.!j ijr.-dj 
| K-". ! •

7 h. y.Z. 18 
field a'jn)

•ft!
i

( 75 1. 2i£^UEL«?^J0s
2. a^X.P.-G0.5
5» •
it. of ch. 2 i

50 x 0.15 
170 x ^1•

usd 5 is total

.074 
•344
•569 

it. of c

5^5 3
•

oqpoaito chor£

1.25

5

1480.7 8.05

0

2500 . 29CO 185 
570
50r

) n.<
)
).

1. e. Gr- ?. X 
jClfcjevy xcrtar)

t 
1 
1 
i
i«

( 
( 
I 
(

ao 1. 1&.H.P.-12.5-
2. 1©.E&2.-12.5- 
5« *
Ch* I in the 7;

1 x 1 x 0.2 
0.4 x «/30

n
9

•isexy cz£. its ।

.<no 

.019 

.057 

.az 
rt. is i

5»5 w
II 
rr 

colu&f

..

d ir. c-?.
>
1 ♦
1 
i

i 1

i

ti

i
i 
i
1 , . .

850 75 
J 05 
150

•
1

• /er. :. 
)l*CT' ' . 
) bWw.
>

kg/sq.cn


I

©

£__ :

aw.

4. 
C 
li.
zn.

£

a.

&.
•Z. 
iff

4. 
zZ 
ti.
2S.

IL 
>£

3ft 
£8.

Oun 
■■» i» — m—-* • - - —• •»«. • ~ “ 
8=8 »• S.K. ^2S.(
<Vjl or */?.> \

( 
4. 
( 
<
»
I

S.8 cs. T>ts. K T/45( 
vtcrj®doboa.t jtm) (

( 
(

3i8 cs. S. K. C/30 (
S
;

8.3 ca. S.a.C/32 ( 
( 
f

8.8 cn. S. K. C/55 (» X 
I (

8i8 e& rlai 18 (
mA 36 |

M Mb 71*141 |

QQ2n 
X».

86

89

88

88
»
88

88

88

_____£edi
Tjp*

ar K.P.Q/J8 
or R.P.Q/38

R-p.tysa 
or R.P.q/38 
or R.P.4O

S.P. ftr I*-675 
or Lt P.4O
(Kai. R.P.
( 
ar R.P.C/38 
L«« P. 40
R.P.C/3S 
ar C/Jt, ar 
ar R.P.4O 
Lg.P.40.
a.p.<yjt 
ar K.P.(yj8 
LgeP.lO
R.P.C/38 
ar a.p.q/ja. 
or H.P.4CM 
Lg.P.40K.
Mg.B-P- Kl- 
0^.2-P.

qO<-

(hUUP.-KM- 
OqJUP.> t.j-

£________
Si*B

600x8.7^4 
800x5.V'2 
800 x5.914) 
800x7/5'85
800x7/4.9 
785x445*0 
785 x 5/4 
785 x 4-50«5

890 x 4.5/2 ) 
290 x 4.?2.5) 
290 x 4.Q/1.8 
255 x 4.yj.2
495 x 5/2.75 
}495 x 54/2.75 
490 x 4.3/1.7 
480 x V^*4
495 x 4851.5
495 x 4.yi.5
480 x 5.2/2.0
320 z 4=3/3
320 x 4.3/2
JOO x J.6/1
305 x 2.5/I
500 x 4.5/1.8 
49yx 5*5/2.75 
460 x 5=72.75

740 x 4.2/1.5
740 x 4.V1.5

Oxrp 
vrt.
kg»o

4.53
4.68
4.50
2.70
2.70
2.80
2.10 
2.Q5

2.420
1.48 
0.85
2.38
2.53
2.90

3.02«
1=70
1.75 
1.78
2.10 
1.60

2.85
2.55
2.55
5.5 
5*5

Shot 
vt. 
kgs.

9.0rt
tt 
tl

* N
n

9.4 n

9.75 
n
8.0
9.0 ..

9.0 •»

9.0
M
9.4
9.0 «>
S.5
fk4 10.2



Lax&h
■Mh

*<*p«
litres

Shot, 
travel 
nns.

Total
Htrea

. Pre* 
-.rorklM

nre 
Design 
.cn»

m.
«/•

Prjlectlle

8}8.5 6.55 5501.5 41.45 3100 3900 wool
» 

835*

650 «

V4.4 
isotc fuse
)<ntte 

or Jpracsice.
tar i/4.5

521 2®55 5410 25.02 2600 2900 •
w

450
er 1/5.6, beta 
ntse fure- 
5tar i/5’5.

530.7 J.87 3175.3 93-53 2750 3100 795 •
. •
*50

)«.’!. 74.5
) bm« fu-e.
)
Star i/4^4

5J0.7 J. 87 5808.8 58-50 3150 3800 950
650

)
) above
t

548.7 2.49 ** 25*40 2500 3000 700 •
a*
600

) ta
) ebo^-

550 J.67 4159.3 29.81 9800 3350 840 •
650

) B.R. 1/4-5 
) sore fuse*

A.P.

780 5.80 5510 >400 5000 3800 1C8O
880

B.B. t/4.7
A.P. 59

1 (
1 
I



iiisaU

1

V*
. 1 Gun

Icdfaoa
Cha* 
wt.

1 Shot 
Wt. 

x««.
Shot 
travol 
one.

Total 
cap. 

Ittroe
Praa.ure

BV. I’roGccu.^.aType Sieo bemth 
■M.

Cap. 
Utoea

•/orkiug 1 l>40igU 
»CiU8

3/.

».

8e8 c*. fc.X.iJ ( 
and P»X (

z

88

or

Gu.B.P.-G 0 -

BtfJLP.-Gl - 83
%

 
M
 M 1 s V( J.4 

' •

! 9.4 
i i .1

746
N

d«s 8010 41.83 •a 75&
«•

H.E. 4> 
•

3L OoXA^p - 6.8 30.18 781 9.0 2900 3600 1000 JLP-3«/<3

/a. or
The 8

U0£.B>G 0 -
*Ma auabora 1

J.W/M 

ndu* «Ub Mean t
P.O
wo lea

fl

(th* of

•

tdbo«

« tf 9

ie.
2ft.

10.5 ob. S.X. (/28| 105 B.P. 58 
L<.P«40

780 x 64/5.8
780 x 4.V5.5

S65
2.90

U.7
14.6

aij.9 8.56 4616.6 49.46 2700
6800

J900 995 
650

B.R. 1/4.1 
Star 1/4.2

,k 

2l.
25i.

10.5 on. S.K. C/J2^ 105 
or 
cr

H.P. 58
B.P. 58
B.P.4G8
I4.P.4O

550 x ^5*5 
550x^3 
540 x 4.V1.7
544 x 4.VS.8

4'9 
4.10 
4.50 
5.15

15.1 •
«

U.7

588.5 S3® 3813.5 39^25 2850 3200 705 •
9
650

K.K. i/4.4 
• 
•

Star 1/4.1

h 

asi. 
25.

10«5 ca. S.E. 1Q5 
or
cr

B.P.59 
B.P.4OI
I«.P.4O
K.P.40H

M5X8.2V5 
885 x SV2.9 
685 x 4.VJ.2 
645 x 3.T/2.5

SOI 
5.80 
M5 w

1S1
U.7 w

698 7.51 5850 58.15 2850 3600 907 9
650 « above

ii 
it.
"■

IO.5 OBn Flak J8 ( 105 
or

Mg^.B.R-8.2- 
tfg.&P.-X 2— p^L.R.P.- 8 -
■

885 x 6.2^3
685 x 5.V1.5
865 x 6.2J/5

soo 
6.00 
5.00

15.1
IS 58

668 7.51 5850 58.15 2850 3400 900 9
880

H.K. 1/4.4 
9

A.P.

j

1 
I 
!

I

i
1

.
1 1



Sheet 6

---- 1— .... .. .... .....
4 . i :'vi

SS£S.
___ •-£o»'<fcg____ :______ aistgj 

rrte 
kjjS*

Shot 
wt. 

kgs-

Clianixir Shot 
tre.val 

IBM.

Total 
cap. 
litres

Pressure ’Torklngloacign 
kg/eq.cwu

K.T. rv=jcctiiaType Sice xsngth 
!WB.

Cap. 
litres

t
Z • i. •*. is

’> <lAght hoiritser, 
i
| or b ? H. 13 M 
i \vita aussle 
• brake)
i

a j

** i
i i

< 
( 
( 
( 
( 
( 
( 
( 
(

«

1

105 1. DiaLBl.P.-10.5 
2.
3.
4. •
5*«.( •
.( plus • 

Alternative charg 
1. MgJJSKP^IX.5 
3oGu.BLP.~A. 0 - 
3. "

5-
6. ( "

( plus "

) x } x 0.8 w
H
W
n

4 x 4 x 1*2
bb gifeg the «a 
lOx 10x0*2
4 x 4 x 0*6 n

•
W

8 x 8 x 0.9

.245 
•306 
•378 
.488
.665 .222) 
.800)

m veloo 
.190 
.262 
•342 
•478 
.695^ .260) 
.820)

14.81 tt
tl 
H
N 
* «

Ltiea a

211.7

Totalc 1.022 
re aa f

total c 1.080

2.2

h.wt. kg.
ollcers.

h.wt.
ks»

2493.3 24.4 2500 2650 208
240 
272 
326
|460

tl
1
«*

a i
i *
a

i

« 
( 
( 
( 
( 
( 
(

i. rigi.Bij?.-ia5- 
2. Mz.Bl.P.
J.
4. "
5.
6. RS.B.P.
Jts. of ch. 2 to

10x10x0.2 
6x6x1t»

It
tt

175 x 5.y2
5 indudo ch. 1

.160 

.254
•J2ft 
.470
.682

1.060 
in the cicspoid.te charEPS- C it. 6 ftras r»t include c

■
rt
M
••

it, t. 10 ex. K GTi-T -X 
; (casesate & toaer^f

105 Dijfl. R. P, -G(V>- 
KZ.R.P.

545 x 3/1.2
345 x 5.^1»3

2.65
2.20

14.95
14.00

385 3.64 2565 26.85 2600 33 / 630
640 :

34

11 Jr., Ifta.
j I-.citr" zvn) 

zt. i
i

( 
(
V

Kb DiZl.R.?.- G 0.5- n
Dir-leR.P’.-G 2 -

450 x 3»1/1»5 It
750 x 5.P/5.O

2.40
3.40 
5»75

15.14 t*
tt

791.5 7.80 43EC.5

1

47*40

*

2700

i

3150
1

1
550 •
690 :
W5

19

i 1 i
1 t

i____ 1 ..



Vi Cun
i i 
Oabhro Parrgor Oiargp 

\rt. 
kga.-

Shot 
wt. 
kgs.

OhaidJer Shot 
tiuvcl 
003.

•Cotai 
cap.

litvoa

I’roasuro
M.V. 
1^0

Projcctl !•
7ypo SIjso Length 

ums.
Cap. 
litre e

Harking | Design kg/aq.csu

i« iI □ . JO CT4. X.
I 

ie/40(li05

i

ro^.H.P.-G 0.5- <t
ligi. R. P. - G 2-

600x3.1/1.5 It
350x5.5/3.5

2.94
3.95 
0.00

15-M fl
«

1034.5 10.18 5010 54.88 2800 3280 550
690
915

H.8

tt

* I

1
t 
1 
it

T. 1
i
1
»

10 cn. Gab. Hath-( 105 
' logicaln Hcv«) (

( 
(
(
(
s 
k
tl. I
;l

1! 
tj

,1

•i

l.Di£.HL.P.-10.5- 
2- "
> Gu.Bl»P— A 0-

5- 
e. "
7.( "^>ii3 GaRg.P.-AO
Ch- 5 to 6 inc: 

' Alterative du 
l.Di^JH.a-30.5- 
|2. "
t’3-
Ir :
>?: -
i 7 •DigbRg«I3”>10* 5 
p G 0<5-

10x10x0.2 M
4 x 4 x 0.6 n

n 
w

•25- 2.9x154 
.udQ wt. of ch* 
LFgoa to give t 
13 x 3 x 0.8N

M

It

W

0

1.9 x 15/4 
2fiOz2.9/1.5

.242 

.277 
•332 
.437 
.577 
.857 
.100)

1.170) 
2 in t

>ho saco 
.275 
•325 
.380 
.482 
.615 
.875

1.800 
2.140

14.81

total c 
ho coiq; 
veloe:

158

h. vt. 
rasite d
Ltica.

1.9

L.270 k 
largB.

1417

8»

14.49 2600 3000 2316 
837 
262 
2» 
352 
438
566

H-E. *3 fir 

l.P-S. ’6.
4 

w

■w

9, 
« 

w 

w 

« 

•» 

«

26.

n l n Q C
l • 

:*
i 

c»
 

*.
•*

i

i

pGu-.’l. ■?.-A 1— 
?,nl>5s "■ -

260x2.1/1.0
60x2.6/1.0

2.630) 
0.430)

14.81 481 5*<r 899 IS-? 2150 25CO 350 HE. :-or

*. : 
19. ‘ 
IX. 
i*. 
ir.

0/^4^ ♦ 12/* 
(1
11
O’

1

1
i

52
1 or 2.F.J8
5 er ?.-,P.3SIf
11.3. P.40
, er iig. ?<4Cil

1 ’
’ )

650 x 3/4.25 
390x6.4/2.1 
GCOi «?»5/4»l 
690x6.5/4.5 
6S0 x5»c/3»6

T| 

5*75 
5.60 ।

28.0
n

17.4II

819 12.10 4G 11 75-9

111

2f00

KOO

350) 6JQ•
w
650■ J



I

Sheet 3

■«»/V

Gm CMtaa Oxra» 
. Vt. 
kgs.

Tjpr Bias

12.3 Plak 40 I 128 Bigl.H.R-1 8- 850x5^/3.0 9.50
i n ; < or U0JUR-KD> 815x2.1/2.5
: ll> ! Bi<1.2. P.- 8 - 820x745(5.2 8.35
i n: 12.8 oa. Flak 4CN( 128 R.P. 408 850x8.5(2.5 10.0
', x ( < r 815X8.V1.8 10.0
♦ 12.8 <» Flak <0 

(locreasad velo’y
188 Be.2-P.-B 2- 950x . . . 14 c 0

3*. 12.8 m. PJk 44 ( 
(%rfc destroyor) (

128 oajup.-a 0.5- • 820x5'V2.5 « 15.1 
12.0

1. 15 om. S.K. 1/40 ( 
(40 calibre) (

149.1 B.P. J2 550 x ^2.5 IO.34

2fc I<.P. 40 550x5(2.5 8.50
I. 15 ca Wr 1 I/*5( 149.1 B.P. 5> 550 x ^(2.5 8.84

' **• 
u. 
tf*.

[0 boat gm) ( ar R.P.58
ar B.P.54B

I«.P.4O

535x8.^2.8 
535 x r/5.1 
550x 4.J/3.0

8.50
8.30
7.95

c. 15 m. S.X. 1/45 ( 142.1 B.P. 53 835 x 4/3.5 14.25
a ( 

<
or 8.P.58
Lg.P.4O

825 x 7.^3
825 x 5*5(3.5

w
9.50

L 
it.

15 OB. 8.K. C/28 149.1 R.P.52 
ar B.P.58.
Lg.P.4O

825 x 4(3«5
825 x 7.5(3
825 x 6.y4.6

14.25 •
9.20

15 cm. S.K. t/55 ( 149.1 as above as above as

1 ■

(

I

above



Shot 
wt.
*»?•

ChaHter _ Shot 
travel 
sou.

Total
cap. 

litraa
. Preamre

1L¥.
ftvjectlle

Length 
mat

Hbrklag (Daaigi 
kj/aq.ca.

36.0 R
98.0

908 14.57 6584 ICO.94 2850 5400 900 a
880

H.F.. 1/4.5
A.P.

28.0 Aa for oink 4C— 29J0 55CO 900 a.

28.0 3351 19.1 S259 2CJC 5400 *30 a.2.

28.5
28.0

9801 20.4 5629 954 5000 5700 9(0
770

K.P. 45
H.H. 1/5

40.0 a
a

57.0

751 14.2 100.2 5100 5600 800 
a

500

1 JLP. 1/2*9 
^er S.K. 1/5*2
,er 2.i. 1/3 
Star 1/3.6

45.5 w
•

41.0

749 14.08 5592 114.1 2100 2700 680 •
■
850

Ba3a I/Z£rl «*
•

Star I/4.J

45.5 V
41.0

1150 21.6 5178 114.4 2950 5400 855 e
650

l K.S. 1/4.8
( cr 1/^’- 
Star 1/4.3

45.5 a
41.0

1151 21.7 6665 141.5 2900 4000 875 a
650

ae above.

M 
above

1151 21.7 6(305 141.1 3800 5600 875 w
850

aa above-



w«___ ) ____

■.....................  l ' .  ..................  — 9oi^
Sloe

IOnssb 
Kt. 

JffiL.

Shot 
travel 
Mas.

KuT 
cap. 

litres
M.V. PwjectilaC-xi Kalita Type Cap. 

Hires1 ass.

|2 > i.5
. ("

S.&. C/25 ( 149.1 R.P. 38 1150x11/4.4 19.1 45.5 1J98 27.7 7374 198.3 3000 3750 980 ( H.H. 1/4.4
I - 
Kk

» 
* . 15 JcCa .Ki/?6(. 149.1

wR.P. 58
Lg.P.AO
M.P. 58

U50 x 1V5.75 
1150 x€/6.4
«85x/M

9.2
14.0

■■ w
41*0
45.5 1150 21.7 5«5 . 125.2 3000 3500 3 «

• (or 1/4.5
Star X/4.3*
8.8. 1/4.8

(terpedoboat guaj(

1. i s. I. G, 53 (150

or R.P. 38
Lf.P.40

1. D^HUP^JA5-

825 X 7.^3 
885x5.^3.5
5x3x0^

8.5
•198

•
41.0
38.0 90 1.7 1305 * 1210 2230

9

850
329

9

Star 1/4.3
8.8. 35

£ • (heavy

I
»
1
1 
i

1

i

T :

infantry ( (

( 
(

»

(

13 » 150

2. ’
3< ’
5'» "
6. *
All above ch. wta 
Alternative chax? 
1. Gu.HUP.-A 0- 
2. *
3.
4. "
5»
6. •
All those alterna
1. EcLBl.R-10.5-

• 
■
«
tt
•.

. inoluta .1501 
as fbr sobs veil
4 x 4 x <Mw

w
w
•
«

tlvo eh. wta» 1
4 x4 x 1.2

•893

.485 
•598
•818 

K8»> of 
M&tlM
•IM 
•305 
.43® 
•5*5 
•433 
.897

nluAe
•815

«

' • 
9

I^L. 1

450 lq 
43<5

tt.P.-U

384

1.5-4

,. Bl.P.
7.23

* x 40 x

-IO.5- 1
3781

0.2

.0 x 1C
75

x 0.2
2500 2920

159 
190
216
97 
947

. 216

or 38 «
•
•
89

H.S. 19

7.;

tzar) i 
i |

( »
<1 
? •
H 
; i 
> i 
v i

2. "
J.
4. "
5.
6. »
7. ngZ.8g.P.-]D.5-
C» "
All charges era 0 
of chs. 7 and 8

«
w
w
«
M

1.9 x iy« w
jz^osltc, vrte. c
LncJuaj .440 Kgt

•740 
.870
1.085 
MM 
1.870 
2.910 
5.605 
>f Ch. 2 
>. Digl.

to 6 
31.P—

include
10.5-3

•550 1 
x 3 x

:S=. K&L. 
0.3.

Kl.P—12.5-40 s 40 x 0<

2J7 
258
288 
530
388 
448
525 
2> an

er 19 Eo 
(anti- 
coneroto)

d wts»



Sheet AO

0<m
mas*

<JOM^
Shoe 
Wk«; 
JH&l.

, ChmtSE— Shot 
travel 
aaa.

Total
■ttfefiUL

preeeuro ■
HqSSmI DoS*! kgr e^.ca. 147. 

x/e
Projectile. *W* . 8180 Cap.

-JM£l

it 
* 

< 
H 

_________

3.?.h. is ■;
(Baayy Bmdtttr) , 

(oaM*)

15 co. K. 18 sadf15 (ttT) ( 
(ceeeeate A tarX
s.K.T. (Heavy ( 
ixeitscr for ( 
fortificationan

( 
(

(. i

! ■ >

t 
1 

0

w

150

Alt«H*ftlw oiMra»a far the aaa» 
1. DfcpK.P.n.5- 10x10x0.8 
8. 0uA.R<4 O> 8 X 8 X 04 
t : :.•
5*’ • •
8. . •■■■.■■■ : -,:r ;
r.atfAR-a o* 8B0xyi.t 
8. • •
SjpocAal oh. for rookot obeli.Di«14«B.4 1- J80 x 5^1.3
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