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BALLISTIC RESEARCH LABORATORIES HANDBOOK OF SNGINEERING DATA

Freface

For a number of years, the Ballistic Ressarch Laboratories
of Aberdsen Proving Ground have been making measurements of the
characteristics of projectiles, propelling charges, etc. While
these data are available i verious Ballistic Research Lebore-
tories reports, there is no single doocument which contains a con-
cize tabuletion of all the availsble information concerning the
respeciivwe articles which have been subject o moasuremont. It
was pointed out by Colonel H. H. Zornig that the utility of the
information would be considersbly enhanced if gll acquired datae
were collected in & single document, Following Colonel Zornig's
5 suggestion, the preparation of a handbook of such angireering
E dets ag are available at the Ballistic Besearch leboratories has
b been initisted.

The first numbers written by M. H. P. Hitch2osk deal with
projectiles. lLater additicmal series pertaining to propelling
charges, guns, etcs, will be prepared.

The number of an item in the handbook consists of thres
parts. The first part indicetes the caliber, e.g., 6 in. or
155mm; the sjcond indicates vhether the item is &« projectile,

a propelling charge, or a gun; 1 denoting a projectile, 2, &
propelling charge, end 3, & gum. The third part indicates the
modsl (Arebic) or merk numbser (Romen numerals). Thus 155-1-~TII
refers to the 155m projectile MK ITII vhile 3-1-42 refers tc the
3% shell M£2.
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BRIA 20.1.95
1
Bailistic Rasearch Laboratories Ballistic Research Lab,
Handbook of Ballistic and Aberdeen Proviss Srowd,
Engineering Data for Amrmounition, Maryland.
No, 20-1-85 15 Tebruary 1946

BALLISTIC AND ENGINEERING DATA

for
Shef, AP, 20-mm, M35
with
Tracer
Sectim Paragraphs
I General ~--cecercccacccenanan 1
i1 Description --e-eve- e el 2-4
m Interior ballistic data ~«veere<n 5
W Exterior baliistic data~eccce-au 67
V +  Effect dald crurvencrncnimeenan 8
SECTION I
GENERAL
Paré_ngap‘g
PUrpiSE ~ = = = = = = w = - - e e e r e e~ s s~ .-~ 1

1, purposa, The purpose of this number of the handcok is to furnisk a concise collectior, of nfor-
maticn regarding the shape, dynimics, ballistics and effects of th2 20-w . “.rrior-<d=ceing Shat 295, which
contains a tracer composition. Some data are also glven for the enpar 'u aisi A*nor<plercicg Shat T8E4
with Tracer, which is slightly different from ths M35 (TOES). Thls information 18 coilactied from tha drev-

ings, reports, and technical manuals pertaining io this ammunition.
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FOR SHOT, AP, 2G-34M, MYS
SECTION 11
DESCRIPTION
Drawings - = = = =« = = « - - R L SRR
Dimensions v = = = = = v o v o0 o0 oLl R BT
Physical characteristies -~ - = =~ - - - - o oL oL ST YT o=

2. Drawings.

shal, AP, M9%: Ml parts assembly
Metal parts details
Shot, AP, T9E4: Aszzembly and details

3. Dimensions. All dimensions beiow are in ealibers.

Band: Distance from base
Wity

Zady: Length of cytindrical part
Lengun of oglval ' art
Cuside lengin of opival part
Radfus of ogival arce
Tetal tength

Windahield 2ssembly: Length of windshield
: Outside length of edapter
Length of assembly
Length of ogival part
Radius of arc
Shot: Total leagth
Bearing length
Effective ogival height

i. Physical characteristics. The staniard weight of tre AD Snet M8

Tre meesured physica. characteristics of the L05 Shot without tracer and the TOE4 Sh

23 foilows:

AP Shet

Welgat b
Bage to center of gravity -:alo
Axial mement of inerila gr.in®
Transverse raoment of inertia gr.in®
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BRLH 20-1.95 BALLISTIC AND ENGINEERING DATA
5.6

SECTION IR
INTERICR BALLISTIC DATA

&
=
ol
1“%
n
1)
o

Theoreticalyaw Indorg - -~ = = ~ = = = = ¢ = = ~ = = o~ = 0 o = o =~ 5
5, Theorsticel yaw in bore. For the AP Shot #85:
Mintmoum 18 min
Maximum 22 min
SECTION IV
EXTERIOR BALLISTIC DATA
Paragraph
Aercdynemic data = -~ = = - 2 = 2 = = 2 a e - - e e e e e e e e o 8
Firingtabledata- = =~ = = 2 = = = = =« =« ¢~ = » 0 0 m om0 a0 n oo 7

%, Aerodynamic data.

2. Drag. T'.edrag coefficien: plotted op page 5 was determined from resistance firings of the AP
Shot TOEZ with Tracer at Mach numbers from 0.75 to 2.75. The data listed below were dotermined from
time-of-flight firings of the AP Shot M85 with ang without Tracer,

AP Shot MU5 With tr w/oty
Velooity (fps) 3000 30560
Form factor {Projectiile Type 5) i, 1.12 1,15
Baliistie coefficient {Projeciile Tepe 5) C5 .413 AL
Drag coefficlent K,J 148 153

b. Stabiiity. A letter from the director of the Ballistic Research Laboratsries to the Chief »f
Ordnrnec {APG 472.5/317-1821) gives data on the stability of the AP Shot MOE without Tracer, PRL Re-

¢t Mo, .13, "Aerodynamics of 20-mm Projectiies”, gives data on the stability of the AP Shot T2E4 witn

Tracer,
AP Shot M35 w/otr TYE4 with tr
Velocity (fps) 2700 2780
Moment cosfficient X,, 1.68 1.47
7L
Twist of rifling 1/n 1/25.588 1/25.588
Stability factor s 2.28 2.78
4
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{RLH 20-1.93 BALLISTIC AND ENGINELRING DATA
7.8

7. Fliing tebls ditx. No firing tsbles have heen prepared for the AP Shot M35, FT 204C-J-i,
I T 20AC-K-1, FT 2CAC~L.-1 and FT 20A0-M-1 tor 20-mm Automatle Guns M2 and M3 firing $E Shell
‘2% and HEI Shell MYT give data that are approximately correct {or the AP Shad M85 (See L., “"-1-8T).
OCH {tems 28550 and 28808 recommended and approved standavdizaticn of the AP Shot M35. I's stardard
instrumental veloelty is 2780 fos at 90 feet from the M2 Gun.

SECTION V
EFFECT DATA

Pepetration - - - ~ - - = v c s v s cc v e Lt m v 8

8. Penstration. The folicwing graphs, showing the penetration of armer plate oy the 20-mm AP Shot
M05, ware takep from Volume III of "*Terminal Ballistiz Data”.
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FOR SHELL. INCENDIARY, 20.MM, M96 ~ sau;z 20-1.96
-5

3. Dimensions.

Band: Distance from base 0.50 cal
Width 0.25 cal
Body: Length 2.91 cal
Length of cylindrical part 2.39 cal
Length of ogival part 0.52 cal
Radius ¢f - rival arc 2.54 cal
Nose: Length 1.17 cal
Conical ang:2 3112
Shell: Total length 4,08 cal
Head length 1.69 eal
4. Physical characteristics.
Weight; Standard 1820 grains
Measured 1993 grains
Base to center of gravity 1.583 cal
Axial moment of inertia 165.6 gr.ir;?
Transverse moment of inertia 1305 gr.in¢
SECTION IO
INTERIOR BALLISTIC DATA
Paragraph
Theoratical yaw N DHOre = = = « = v « 4 = o 4 2 & 2 2 4 0 n o o o= === 5
5. Theoretical yaw in bore,
Minimum 8 min
Maximum 13 min
SECTION IV
EXTERIOE BALLISTIC DATA
Paragraph
Aerodynamic data = » ~ =~ = - - - - - I I R R R R ]
Firingtablodati- = » = = = = = = ¢ & o 0 0 0 o e v m e e .- - 4
3
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BALLISTIC AND ENGINEERING DATA

8. Aerodynsmic data.
a. Drag. The following values were determined from time-of-flight firings.

Velocity 2800 fps
Projectile welght 1920 gr
Form factor {(Erojectile Type 5) 15 1.18
Ballistic coefficlent (Projectile Type 5) C5 .383
Drag coefiicient KD 158

b. Stability. BRL Report No. 515, "Aerodynamics of 20-mm Projectiles”, gives data on the stability

of Incendiary Shell M36,
Velocity 2750 fps
Moment coefficient KM 1.08
Twist of rifling i/n 1/25.588
Stability factor s 2.80

7. Firing table duta. No firing tables have been prepared fox: the Incendiary Shell M86. FT 20AC-J-1,
F1 20AC-X~-1, FT 20AC-L-1 and ¥T 20AC-M-1 fcr 20-mm Automatic Guas M2 and M3 firing HE Shell T23
and HEI Shell M87 glve data that are approximately correct for the Incendiary Shell MB8 {sce OH 20~1-87).
CCM items 28550 and 26006 recommended and approved standardization of the Incendiary Shell M88. Iis
standard instrumental velocity is 2810 fps at 90 feet from the M2 Gun.

iy
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BRLH 20.1.97
i

Ballistic Research Laboratories Ballistic Research Lab,
Handbook of Ballistic and Aberdeen Proving Ground,
Enginsering Daiz for Aromunition, Maryland, :
No, 20-1-87 15 February 1949
BALLISTIC AND ENGINEFRING DATA
for
Shell, HEI, 20-mm, M87
with
Fuze, PD, M75
Section Paragraphs
I Genersal - 1
o Description - 2-~4
m Interior ballistic data ~ewme=a - 5-8
ji'Z Extericr ballistic datareemmea- 7-~9
v Effect data - 10
SECTION 1
GENERAL
Parm_a_gh
PUIPOSE = = = » = © = » = o m & 4 0 m et e e e e cmmcesnonoa- i

i. Purpose. The purpose of this number of the handbock is to furnish a concise collection of infor-
mation regarding the shape, dynamics, ballistics and effects of the 20~mm High Explesive Inecendiary Shell
M87 with the Peint Detonating Fuze M75. This information is collected from the drawings, reporis, firing
tables, and technical manuals pertaining to this ammunition.
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FOR SHELL, HEL 20.MM M%7

SECTION T
DESCRIPTION
Paragraph
Drawing§ = » = = ~ = = = @ = = = = o o 0 - c - - -t - e m .- 2
DImensiong « « « ~ = = o e ¢ v v 0 v v @ 0 w0 = e > e oo K]
Physical characteristics - - - « = = I A I R R A 4
2, Drawings.
Shell: Metal parts assembly and details 76-2-338
Fuze: Assembly 73~1-183
Detaiils 73-1-194
3. Dimensions.
Band: Distance from base 0.48 cal
Width 0.25 cal
Body: Length of eylindrical part 2.41 cal
Length of ogival part 0,65 cal
Radius of ogival arc 2.54 cal
Fuze: Cutside length 1.05 cal
Conical angle 20°24*
Length: Shell 3.08 cal
Shell and fuze 4.i1 cal
Cgive and fuze 1.70 cal

4. Physical characteristics.

BRLH 20.1.97
2.4

2. ‘The physical characteristice of the HE Shsll T23 with the PD Fuze T71E4, of which the present

projectile is a slight medification, are as follows:

Weight 2000 grains
Base to center of gravity 1.643 cal

Axial momest of inertia 165.8 gr.in2
Transverse moment of inertia 1442 gr.ind

b, The standard welght of the HEI Shell M37 with the PD Fuze MT75 was changed by OCM item 26550

to 2038 grains.
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FOR SHELL HEL 20-Mb M7

BRLH 20-1.97
5.7

SECTION k3
INTERIOR BALLISTIC L .14

SIesses- = » = = = = = =222 v o - -
Thearetical yaw Inboreg = = - = = - = = = - = - -

5. Stregses. The foilowing lable and the graphical representation ot page 4 show the longitudinal,
radlal angd tangential stress at each of three sections: (..} the rear corner of the band seat, (B) the front
of the bend seat, and (C) immediately behind the bourrelet.

Gun, Automatic, 20-mm

Twist of rifling
Cross-seactional area of bore
Trated maximum pressure
Tntal weight of projectile
Muzzle velocity

Lensity of filler {incend tetryl)

Resultant Stress*

M2

1/25.586

0.5148 sq in.
48,000 nsi

0.2013 1b (2039 gr)
2800 fps

6,0505 b per ¢ in.

(42

£Liiin

100 psi
Longitudinal
Radfal
Tangential
* + denotes tension,

6. Theorzticgl vaw ir bore,

[ 4
1|8

A [

-z22 720 378
+47¢ +i108 + 65
-822 #4418  +234

- dencies compression.

Minimum 8 min

4  Maximum 13 min

SECTICN IV

EXTERIOR BALLISTIC DATA
Paragraph

Aerodynamic dala = = ~ = =~ = = - 0 - - c M e e et ... ... 7
Firing table data: AuvtomaticGun M2 - - ~ = = = = = -~ = R 8
Firing table data: Automatic Guns M3, M23and M24 = = = ~ = =« = = & =« = - g

7. Aerodynamic data. The following data, taken from Ballistic Research Laboratory Report No. 515,
"Aerodvnamics of 20-mm Projectiles", pertain to the HE Shell T23 (Dwg TAM 371) with the PD Fuze T71E4

{Dwg TAM 801

kit k] i
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BALUISTIC AND ERGINEERING BATA

Veloeity u 2800 ips
Welght m 2000 ¢r
Form facior (Projectile Type 5} 15 1.4
Ballistic coeffictent (Projectile Type 5) "5 5,404
Drag coefficient KD 0.153
Cross Wind Force coafficient X, 1,27
Normal Force coefiicient ‘:; 1.438
Base to Center of Pressure h 2,40 cal
Overturning Moment coefficient K} ‘1 1.09
Ratio of ccafiicients :.L/ Kox 1.17
Drift function Q=K /K0’ 149x197
Yawing Moment coefficient KH 1.56
Magnus Moment coefficient KI -0,G05
Twist of rifling (7° angle) 1/n 1/25,588
Stability factor s 2.85

8. Firing table data. Automatic Gue M2 (67.52-inch Tube)., FT 20AC-J-1, FT 204C-K-1 with
supplement and FT 20AC-L-1. Twist of rifling: 1/25.586 {7° angle), OCM items 25550 2nd 26906 recom-
mended and approved standardization of the HEI Shell MOT7 witn the PD Puze M7E. [ts stangar. nstrumental
velocity is 2780 #ps at 00 fe<* from the M2 Gun. The firing tables were computed for a projestiie welght of
2000 graing, which is that of \..2 HE Shell T23 with tha PD Fuze T71FA, and a muzzle vel ity of 2750 fps.

8. Form factor. The form factor of the 2000-grain HE Shell zelative to the 20-mm AP Shet TOE4,
whose drag coefficiem is glven in BRLH 20-1~-85, iz 1 = 0,906,

b. Ballistic coeffizient. The ballistic coefficient with respect to the drag function of the 20-mm
AP Shot TO9E4 is C » 0.510,




M

-~

FOR SHELL. HEL Z0.MM. M9? BRLHBZ‘J-§-‘37
-9

Cs

d.

@vi
8

g'

9!

Stability factor (normal) 5_~2.85

Damping cotfficients. ¢’ = 0.001,548,8 at
& = 0.000,007,8 £t~

Windagz kump coefficient. b < 86,600 mil, fps

Yaw-drsg coefficient. Koy 184 rad2

Trajectory data.

{1} FT 20AC-]J-1 gives trajectory data for:
{a) Preseat range, nearly horizontal flight, and gun flexible in elevation.
(b} Present range, inclined fiight, and gun fixed at low slevaticn,

{€) FT 20AC-K-l and its supplement give trajectory dsta for future range, horizoatal fiight, and
ail-around fire,

{3} FT 2CAC-L-1 glves trajectory data for future range, horizontal and diving flight, and forward
fire.

Firing table dats. Automatic Guns M3, M23 nd 124 (52.50-inch Tube T31).

FT 20AC-K-2. Twist of rifling: 1/25.588 (7° angle), The firing table was computed for a projectile
welght of 200G graing, which is that of the HE Shell T23 with the PD Fuze T71E4, and a muzzle velocity of

2880 fps.
2.
b.
e,

d’

Form factor (relative t¢ AP Shot TEE4) § = 0.805

Ballistic coefficient (drog function of AP Shet TOE4) C = (0,510

Stability factor (normal) S, = 2.85

Damping coefficizats. c! »0.001,548,8 n~
' ) ¢" = D.000,099,2 &t

Windage jump cosfficient. b = 104,311 mil. {ps

Yaw-drag coefficient, Ky = 16.4 rad™2

Trgjectory data, FT 20AC-K-2 gives zrajec_tcry data for future range, horizontal fiight and

all-aroung fire,

-3

@

.. T




BRLH 20-1.97
16

Distance
from burst
(r;

B38388885

Total number
of effective
fragments

N
30
21
i5
11
10

-~ o W

L&+

SECTIONV
EFFECT DATA

TABLE 87
CASUALTIES

Average
number of
effactlve frag-
ments per sq ft

B
02,0239
0.0042
0.0018
0.0005
0.0003
0.0002
0.0001
0.6003

BALLISTIC AND ENGINEERING DATA

Paragraph

10. Fragmeaiation. The {ollowing table, taken from Volume [II of "Terminal Ballistic Data", gives
the casualties due to fragmentation of the HEI Shell M87, The initial fragment velozity is 1960 fps.

For the lightest
effective fragment

(oz)
m
0.024
0,033
0.042
0,050
0,087
0,063
0.08¢
0.078

Weight Velocity

(fps)

Rkt s

i

1
i ®

@

—®
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Ballistic Research Laboratories Ballistic Kesearch Lab.
Handbook of Ballistic and Aberdeen Proving Ground,
Engineering Data for Aminunitior, Maryland.

No, 37-1-51 17 February 1948

BALLBTIC AND ENGINEERING DATA

for
Shet, APC; 37-mm, M5l
with
Seif-destroying T'racsr
Section Paragraphs
I Genegral —c-emecmcccccccrnaas 1
I Description ~~cveremmmccnanaa 2-4
31 interior ballistic data ~=~ev=u- 5
v Exterior ballistic data-o-mae-- 617
v Effect data - ——e— 8
SECTION I -
GENERAL =
Paragraph
PWpPiEe » = # 1 = n 2 =2 e oo s s e~ I 1

1. Purposs, The purpose of this number of the ha..dbook is te furnish a concise crilaction of tnfor-
mation Tegisaing the shape, dynamics, ballistics and effests of the 37-mn Arn.or-plerzing Cspped 8hot MBI,
which z:gtnins a self-lestroylng tracer composition. This infarmaticn is collected from the drawings, re- 1
ports, firing tables, and technical manuals pertalning to this ammunition.

..
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BRLH 37.1-51 BALLISTIC AND ENGINEERING DATA

5.6
SECTION I
. INTERIOR BALLISTIC DATA
Paragraph
Theoretical yaw inbore = = « = = = = = = = = = v 2 -2 v e a0 mm e a 5
1 8. Theoretical yaw in bore.
3 Minimum 13 min
Maximum 22 min
SECTION IV
- EXTERIOR BALLISTIC DATA
Paragraph
Aerodynamicdata - = = = = = @ = =« - - 0 om0 e m v an e e e 6
R e Firingtabledata~ == = = = = = =« = w2 @ e v e 0w 00t hae 7

8. Aerodynamic data.
a. Drag. These data were obtained from time-of-flight Hrings.

Muzzle velocity 2900 ips
Drag function G6
Ballistic coefficient 0.984
Form factor 0.92
Drag coefficient, KD 0.101

| Y, Stability. Ballistic Research Laboratory Report No. 225, "Stability of 37-mm HE Shell M83, AP
. Shot M51, and Proof Projectile M52", gives the stability factors which were determined for this protectile
A at muzzle velocities of 2740 fps .nd 135C fps, It was fired from the Sub-caliber Tube M1925 whose twist
of rifling is 1/43, The Tank Gun MY is rifled with a twist of 1/25.

4 MV Twist of Stability Minment Coef,
e fps Rifling Factor K
— M
3 1350 1/42 1.23
“3 2740 1/4% 1.18
Avg 1/43 1.205 1.35 {(computed from the moments
1/35 3.1 of inertia of shot with unburnt

tracer composition and the cbserved
stablilty factor)

s O s

LM




FOR SHOT, APC, 37.MM, Msi BRLH 37.1.51
7

7. Firing table data. FT 37-8-3.

Gun, 37-mm, M6 (mounted in Light Tanks M3A3 and M5A1, by applying sultable correcticns to the
alevaticn, the firing table may be used for Light Tanks M3AL and M5 and the Light Armored Car M8).
Twist of Rifling: 1/25. Muzzle Velocity: 2800 fps. Projectile weight: 1.82 Ib. COCM items 14801 and
14859 recommended and approved standardizat.on of the AP Shot M51. Item 17699 changed its designation
to APC Shot M51, -

e
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FOR SHOT. APC. 37.81M, M5i

SECTION V
EFFECT DATA

BRLH 37.1.51
8

Paragraph
Penetration = = = = = = = = = = = = = o = = = s e -t v se s e - - n. g
5. Penetration.
a. Ballistic Limits. Homogeneous armor plate.
Dlate Ballistic Number
Thickness | Brinneill | Obliguity Limit in
inches Harness deg Type ips Average
1.00 281 0 Army | 1257 3
258 20 1348 1
288 30 1326 2
3 o 1034 4
374 20 1180 5
364 30 1518 2
402 0 886 2
402 29 1141 8
402 30 1463 2
1,125 308 o 1410 2
1,18 2 0 1383 11
1.25 248 0 1453 1
273 ¢ 1388 g’ ¥
307 0 1333 4
1,50 233 o 1580 13 s
288 0 1814 53 :
320 0 1838 8 o
382 o 1572 2 3
360 20 1724 2
1.75 213 3 1775 1
274 20 1744 5
2,30 242 0 1880 2
242 29 2038 2 ;
274 0 2008 14 .. .
269 25 2082 1 3
317 0 1830 8
323 0 2182 4 E
2.80 324 G 2308 2 3
5,825 363 9 Navy 1231 1 ;
0,873 262 & 154 2 o
- 417 0 1921 2 T
33 o 29 1544 1
——- 48,32 1946 1 ;
1.50 278 3 1563 25 3
318 3 1845 7 ;
1.75 -- g 1882 1 ;
2.5 --- S 1748 7 %
9 i
L o o »




BRLH 37.1.51
8

(Panzerkampfwagen) to APC Shot M51, fired from the 37-mm Tank Gun M8 at a muzzle velocity of

b. Ballistic Limits. Face-hardened armor plste,

BALLISTIC AND ENGINEERING DA1A

Dlate Rallistic Nurnber
Thickness Coliquity Limit in
inches deg Type {ps Average |
C.75 0 Army  144¢ 14
25 1038 4
1,00 0] 1023 11
20 1148 4
30 1298 7
40 1538 8
1.50 0 i858 30
20 2011 12
0.50 0 Navy 1003 3
0.825 0 1480 1
1.00 0 1384 8
20 1208 5
29 1490 1
30 1394 )
43 1549 3
46.43 1831 1
1.50 0 1871 11
20 1991 14
30 2057 g

¢. Vulnerability of German tanks. The follaving data on vulnerability of German tanks

2900 fps, were taken from TM 9-1807, "Ballistic Data, Performance of Ammunition™.

Maximum Vulnerable Range - Yards

Tank Model I v _ Vi
Attack | Angle - deg 0 25 9 25 5
Frontal Turret 3ides 2580 950 2595 253 15
Turret Front 1200 - 1170 .- -——
Fiank Turret Rear 297C¢ 1500 2870 1340 110
Turret Sides 2590 g70 2580 850 110
Turret Front 1205 - 117G - e
Upper Huil Sides 3200 173G 3230 1730
Lower Hull Sides | 3200 1730 3280 1735
Rear Turrat Rear 2070 1500 2810 13435
Turret Sides 2590 3950 1170 950
Turret Front 1200 . 1175 —— ---
Upper Hull Rear 1460 - 8 2 H
Lower Hull Rear 1580 ——— i
i0

Y
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e
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GENERAL
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BRLH 37.1.54
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i. Purpose. The ourpose of this number of the hardbock is to furaish a zoncise collextion of infor-

matisn regarding the shape, dynamics, ballietics and effacts of the 37-mm High Explasive Shell M54 with
Sheil-deutroying Tracer and the Point Detonating Fuze M56. This information is collected from the draw- ;
H
ings, reports and firing tables pertaining to this ammuniticn. E
. b
3
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3
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FOR SHELL, HE. 37.MM. M54 BRLE 37.1.54
2.4

SECTION II
DESCRIPTION

?aragrg_gg}

!_}rawings T T T 2
{}imensims ® e m e e e sk m e E o= et e e owem omem o= o o - - o e om 3
Physical characteristies - « - - < = - o o 0 o o Lo oL oo - .. - - 4

2. Drawings.

Shell: Metal parls assembly and datails 15-2-278
Loading agsembly and details 75-14-228

Fuze: Assembly 13-2.158
Details 73-2-158

™

3. Dimensions,

o

g

Boatlail: Angle
Lséngth

o
o
0
0
o

nce from boattail
Distance {from base

Y
w

LIS LY

]

a0
i)
ot ot gt

Lo R Lro ow
€N oy G

Cylindrical body: Length \21 cal
Cgive: Length .87 eal
Radius of arc 4.32 cal

Tuze: Cutside length 1.23 eal
Length: 3hell 2.82 cal
Shell and fuze 4.02 cal

Cgive and fuze 1,87 2al

4. Physical characteristics.

Mean we.g ( tag grd) 1.3
Base to center of gravity 1.5
Axial mement of inertia® 2.3
‘Transverse mmoment of inertiat 2.4

*ldeasurad with the KE Steli T12 and aluminum Dur
. xdification of

for a screw with z flat head about 2.8 inch In diameter &

Wk
Mo
X
[1+)

the HE Shell T12, The PD Fuze M58 has the same sant-

(]
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FOR SHELL HE, 37-MM. M54

7. Aerodynamic data. The drag coefficient plotted on page 6 and the aerodynamic data tabulated

below were taken from Ballistic Research Laboratory Repcrts No. 354 and

Veiccity

=

Drag coefficient

o’

]

C'ross Wind Force coefficient

L
Normal Force coefficient KN
Rase to Center of Pressure h
Cverturning Moment coefficlent KM
Ratio of coefficients K./ va’
Srift function Q= KL/K; i
Yawing Moment coefficient KH
Magnus Moment coeificient K]
Twist of Rifling 1/n
Stabiiity factor [

8. Firing table data. Automatic Gun M1AZ (Amigmraﬂ)

¥

2630 fps). OCM items 15811 and 15888 recommended ana approve

HE Shell 1454 and PD Fuze M56 in the Automatic Gun MIAZ.

a. Form factor (Proj Type 5). 55 = 0,8
b. Ballistic coefficient (Proj Typz 5). C5 = 0.8

¢. Trajectory data. Trajectory and time curves for a muzzle ve

=3
1]

trajectory ¢

hart, which is appended - = the firing tables.

Maximu. norizontal range 8875 vd
Maximum ordinate 6200 yd

~3

BRLH 37.1.54

Bl

Aercdynamizs of 37-mm
HE Shell M54" and "Damping of Calibers 2.32 and 2.59 Bullets and 37-mm HE Shell". The time of flight,
drift, and yaw fi-ings were conducted with .ne HE Shell 1154 and the £D Fuze M56 without the detonator,

Yoouats T —

W, N

P

-2. Twist of rifling: 1/30. Muzzle velociy: 2500 fps {tk dard muzzle veiscity

standardization of

[

L: W]

Tanies =2 &
0wy s &

530 fus are giv

-




DRLH 37-1-54 BALLISTIC AND ENGINEERING DATA
9-10

9. Firing table data. Automatic Guns M4 and M10 (Aircraft).

PT 37A2-A0-1 and FT 3TAC-AX-~1. Twist of rifling: 1/25. Muzzle velocity: 2237 fps. The M1
Gun is a modification of the M4 Sun, with a disintegrating belt feed. 2CM items 15811 and 1£886 rezommsnded
and approved standaridzation of the HE Shell M54 and PD Fuze M58 in the Automatiz Gun M4.

a. Form factor. The form factor of the HE Shell M54 with PD Faze M8 relative to its own drag
function is i = 1.00,

b. Ballistic coefiicient. The hallistic ¢oeffizient of this 1.34-1b projectile relative Lo its cwn drag
functicn is € = 0.831. The drag coefficient curve iz shown on page 8. The ‘drag function’ tc which
FT 37AC-AC-1 refers i1s G/2.831: the ballistic coefficient relative to this function is 1.2C,

¢. Stability factor (normal). g = 2,39

.1
4, Damping coeificients. ¢ =0,901,72 4t
¢ = 0.099,086 o=t

L
(]

e. Windage jump coefficient. 38,000 mil. fps

16.4 rad-2

ety
.

Yaw-drag coefficient. KG "

g. Trajectory data. ¥T 37AC-A0-1 gives time of flight and vertical and lateral defiections for

all-around fire from a gun mounted in aircraft in horizontal flight. 7T 37AC-AX-1 gives similsr data
for limited e from a gun 7 aumed in alreraft in horizontal flight, with corrections for a dive angle of

80G mile,

Firing table data. Automatic Gur M9 (Alrcraft).
I 37AC-B¥-1 and PT 37AC-RBL-1. Twist of rifling: 1/30. Muzzle velcrity: 2550 fos {the stan-

- muzzlia velseity for 2 new gun is 25800 fps). OCM items 15811 and (58868 recommended and approved

standardization of the HE Shelil 354 ac PD Fuze M58 in aircraft guns.
a. Form factor. The form factor of the HE Shell M54 with 2T Fuze ME6 relative to its own drag
b. Balligtic coefficient. The ballistic zoeffizient of this 1.34-1t prajectile relastive (o its own drag

Z = 2.83). The drag coefficient curvs iz shown on page 2. The ‘drag function’ 5 which

FT 37AC-8%-1 rafers i3 /3.831: the ballistic 2oeffiziant relative 3 inis function is 1.35.

o

S

.




FOR SHELL, HE. 37.MM, M54 BRLH 37.1.54
10.11

¢. Stability factor (normal). Sg = 1.86
d. Damping coefficients. et =0,001,72 17
¢' = 0,000,088 ft~
e. Windage jump coefficient. b = 40,375 mil. ips
. . Yaw-drag coefficient. Kp; = 16.4 rad™2

g. Trajectery data, FT 37TAC-BF -1 gives tume of flight and vertical and lateral deflections for
all-around fire from a gun mounted in aircraft in horizontal flight. FT 37AC-EL-1 gives time of flight,
gun elevation, and lateral deflection for forward fire from a gun mounted in aircraft in horizontal flight,

SECTION V
EFFECT DATA
Paragraph
Fragmentalion - -~ = = = = = = = = = = 0 = = 0 = =2 m e e .mm e e 11

1i. Fragmentation, F.ring Record P36686 gives the results of a fragmantation test of three HE
Sheil M54 with a modified PD Fuze M56, conducted at Aberdeen Proving Ground, Two semi-circular
panels 6 feet high were made of pine boards with a nominal thickness of 1 inc¢h: panel A had a radius of
17 feet; panel B, 20 feet, Each shell was suspended at the common center of the circular arcs in a plane
bisecting the panels with its axis horizontal and direcled toward the edges of the panels, The shell were
detonated statically. The velocity of some of the fragments was meacured at a distance of 10 feet, The
namber of perfurations and penetrations in each board were counted, The following table glves the ve-

locity In each spray and the number of perforations and penetrations in each panel.

Round Velocity - {ps bwrforations Penetrations
No, Side Nose Tall A B Toal A B Tatal
1 3180 1480 e--- 21 11 32 157 83 220
2 2520 ---- 1800 41 12 53 1% 118 210
3 ---~ 730 1330 30 18 46 g3 108 201
;;;s
[
g
B
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BRI 37.1.59
i

Ballistic Research Lab.
Aberdeen Proving Ground,
Maryland
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BALLISTIC AND ENGINEERING DATA

for
Shot, APC, 37-mm, M59
with
Self-destroying Tracer a
Section Paragraphs
I  General 1
1 Description =«==meeeeacraaacen 2-4 ]
Jii Interior ballistic daia ~~omeen-- 5 T’!
™ Exterior baliistic data --~~--ex B-8 1
v Effect datg «-==vevo rem—wemn—— 2
g SECTION I é
) GENERAL
Paragraph
3 DUsposS@ = o = =« = = = = & % o = c ¢ m mm -~ e e e e u e 1
F 1. Purpose. The purpose of this number of the handbook is to {urnish a concise collection of infor- E]
mation regarding the shape, dynamics, ballistics ang effects of the 37-mm Armor-plercing Capped Shot E
ME9, which contains a self-destroying tracemgcomposition. This information i= coliested from the draw-
ings, reports, firing tables, and technical manuals pertaining to thiz ammunition, .
! é
d ¥
Fs 3
1
i L1
! ]
!

e
ly

|

|

|

I

b

n

!

|

j
i




BALLISTIC AND ENGINEERING DATA

BRLH 37.1:59

SCN "WIN-LE ‘OdV ‘LOHS

€8°¢

60’ -

bl

»e' '
st § O’ 3" a.*

s

wdSY' 2 WO 1
SUIEMVO NI SHOISNIWIG TV




FOR SHCT. APC, 37-MM, M59

Physical characteristics = = = » = = = = = = =~ =

2. Drawing.

Shot: Metal parts assembly and detail

3. Dimensions,

Rand: Distance from base
Width

Cylindrical part of body: Length
Oglval part of body: Length

Qutslde length
Radius of arc

Cap: Langth
Length of ogival part
Radius of are
Vert{cal angle

Length: Shot body
Total ogive
Totai projectile

4. Physical characteristics,

Welght {standard) 1.91 b
Base ic center of gravity 1,480 cal
Axial moment of inertia 0.46885 1b.in¢
Transverse moement of inertia 3,015 F::».inz

SECTION T

INTERIOR BALLISTIC DATA
Paragraph
Theoretical yaw lnborg = = = = = = ¢ = < = = w0 v o o w0000 oo 5
5. Theoratical yzw in bore,
Minimum 13 min
Maximum 2Z min
3

SECTION I
DESCRIPTION

BRLH 37-1.5¢
2-3

75-2-289

0.40 cal
0,50 cal

1.80 cal

1.08 cal
0.28 cal
1,81 cal

1.08 cal
0.84 cal
8.82 cal
120°

2,89 eal
1.34 cal
3.14 cal
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BALLISTIC AND ENGINEERING DATA

i RN A
DRAG COEFFIGIENT VS MACH NUMBER
SHOT, APG, 37-MM, M59 WITHOUT TRAGER 11|/
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FOR SHOT, APC, 37.MM, M59 BRLH 37.1-5%9

6.7
SECTION IV
EXTERIOR BALLISTIC DATA
Paragraph
Aerodynamicdata - - - = = = % 4 ¢ 4 & - 4o d e d et d et ae e .. 8
Firing table data: Automatic Gun, MIAZ - - =« - = v - =« = & & . ... - 7
Firing table data: AutomaticGURI MP =« = ~ = = = = ¢ o v b o c om0 = 8

6. Aerodynamic data. The drag coefficient plotted on page 4 was determined from resistance firings
of the APC Shot M58 without tracer at Mach numbers from 1.1 to 2,25, The cther data listed below were
taken from Ballistic Research Laboratory Repor! No. 435, "Yaw and Drift of 37-mm Armor-plercing Shets”,
and pertain to MEBE Shot with tracer.

NI -

Veloelty u 2800 fps
Drag coefficient Ky 0,388
Cross Wind Force coefficient KL 0.083 !
Normal Force Coofficient KN D.48% ]
Base to Center of Pressure | 1.98 cal |
Overturning Moment coefficient XM. 0,250
Ratio of coefficients KL/K} y 0,37 i
Drift function Q=K /K8 472107
Yawing Moment soefficient KH 1.82
Magnus Moment coefficient K] -(,125 S
Twist of rifling i/n 1/35 E
Stability facior S 12.15
T. Firing table data. Automatic Gus MIAZ (Antiaircexdt). é
FT 3TAA-N-Z, Cl, Twist of rifling: 1/30. Muzzle veiz:l'7: 2050 fps. OCM items 16088 and 16144 i
recommended and approved standardization of the AP Shot M58 in the Avtomatic Gun M1IA2. OCM item
17899 changead its designation from APt APC,
;
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FOR SHOT, APC, 37.MM, 59 BRAH 37-1.59
8-9

8. Firing table data. Automsxtic Gun M9 {Alrcrait),
T 3IAC-BC-1. Twist of rifling: 1/30, Muzzie velosity: 2800 fps. OCM items 20855 and 21241
recommended and approved authorizalion for using the APC Shot 3458 in the Automatic Gun MS.
- N N L.
a. Ballistic ccefficlent. The firing table was computed with 2 bailistic coefficlem of unity with
respect i the modified Space and Time functions:

§* = 22077, T« 11.25 (1, - 1),

where T, and ie_ are the Time and Inclination functions based on G,. This is eguivalent to taking the
bzllistic ceefficient relative to Projectiie Type 8 Liversely piroportional to the velocity,

b. Trajectory data. The firing table gives trajectory data for firing forward from an zirplane,
Datea for 21l-around fire are oot reguired gt present.

SECTION Y

EFFECT DATA

9. Penetration. The following graphs, showing the penetration of armor plate by the 37-mm APC
Shot M58, were taken from Volume IIf of "Termina! Ballistic Dats”,

b
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Ballistic Research Laboratories
HKandbook of Ballistic and

Engineering Data for Ammunition,
No. 37-1-80

BRLH 37.1.80
!

Ballistic Research Lab,
Aberdeen Proving Ground,
Maryland.

23 February 1849

BALLISTIC AND ENGINEERING DATA

for
Shot, AP, 37-mm, M82
with
Self-destroying Tracer

Section Paragraphs

I General ~--s-mossesenccnannos 1

11 Description --=e- cevcnamaccann 2-4

m Interior ballistic data -~«~----- 5

v Exterior ballistic data ~===vne- 6-8

v Efnect datg —==me-mccmeans R g
SECTION ]
GENERAL

Paragraph
PUn™e - =« = = = = o o v = e s = e oo veo=-romnmseews= 1

1. Purpose. The purpose of this number of the handbaok is to furnish a coneise collection of infor-
mation regarding the snape, dynamics, ballistics and effects of the 37-mm Armor-fiercing Shot M82, whick
contains a self-destroying tracer compositicn. This information is collected from the drawings, reports,
firing iables, and techrical manuals pertaining to this ammunizion,
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FOR SHOT, AP, 37.MM, M80 BRLH 37.1.80
) 2-5
SECTION O
DESCRIPTION
Paragraph

Drawing « - = = = = = = = = v e = @ o o o0 e et et e e - - 2
Dimensions = = ~ = « = = = = = - o o 0 - o mm e ke m e e e e e 3
Physicai characteristies- = = = = = « = = = = & = 0 - v w0 om0l L. 4

2, Drawing.

Shot: Metal parts assembly and detalls 75-2-310

3. Dimensioas.

Band: Distance from base 0.40 cal
Width . 0.50 cal
Cylindrical part of body: Length 1.80 cal
Cgive: Length 1.08 cal
Radius of arc 1.61 cal
Shot: Length 2.88 cal

4, Physical characteristics,

Weight (standard) 1.681b

Base to center of gravity 1.288 cal 9

Axial moment of inertia 0.4150 1b.in

Transverse moment of inertia 1.963 1b,in?

SECTION 11
INTERIOR BALLISTIC DATA
Paragraph
Theoretical yaw Inbore = = = = = = « o o @ a4 8 o 0 a0 o4 mda e 5

8. Theoretical yaw in bore,

Minimum 12 min
Maximum 22 min
3

e
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FOR SHOT, AP, 37.MM, M80

BRLH 27.1.80
6-7

SECTION IV
EXTERIOR BALLISTIC DATA

Paragrach
Aerouynamic data - - - - - - - - m e e e e e e e m e e e - - a
Firing table data: Automatic Guns Md and M10« - - ~ ~ = - & ~ - . - = - 7
Firing table data: AutomaticGun M9 =~ - - = - = - - - C L L . C - - m e !

8. Aerodynamic data The drag coefficient plotted on page ¢ was determined frsm resistance firirgs
of the AP Shot M80 with Tracer at Mach numbers from 1.1 to 2.5. The sthe
irom Ballistic Research Laboratory Report No, 438, "Yaw and Drift of 27-mm Armor-piercing Jhog".

Velocity (fps) u 18% 3055

Drag coefficient KE} 0.259 D.228
Cross Wind Torce coeffizient ?—:L 0.188
Normal Force cosffizient Lo 0.418
Tase to Center of Pressure h {cal} 2.48
Cverturning Moment coefficient ¥, 0.513 0.497
ivs be
Patic of coeffi K. /X 0,378
LM
. ; e 2 -§
Trift funstion Q=K,/X, u 4,07 x 19
2 TM
Yawing Moment coefficient K, 2.52
Y FY I = a X
LIagnus Moment zoefficient K; -0.28 9
Twizt of Rifiing i/n 1/5 /35
Ctacility factor g 8.5 8,758

1. Firing table data: Automatic Guns M4 and M10 {Alrcrait).

k2

e At .1 . v T /g 1 ape £ - L - -‘~-
FTSTAT-AT-L Twist of rifiing: 1/25. Muzzle velaclly: 1775 fpz. The W12 Sunis a modifizas
2f the b4 Gun, with a disintegrating nelt feed. OCM items 17486 and 17525 recominended and 2pproved
standardization 3f the AP Shot M80 in the Antomatic Gur ¥4 with a muzzle velos y cf 1855 fps,

25328 and 21233 recommended and approved ingrea asing the standard muzzle veloeily from 1857 1 =

Sl Y

W Kot

wn

A




BRLH 37.1.80 BALIISTIC AND ENCINEERING DATA
7.8

a. Form factor. The form factor of the AP Shot MBO relative to its own drag function is i = 1.00.

The drag coefficient curve is shown on page 4.

b. Ballistic coefficient. C =9.782

¢. Stability factor (normal). 5, = 8,785

d. Damping coetficients. ¢* = 0.001,577,4 f1 ">
" = 0,000,087,0 ft~!

e. Windage jump coefficient. b = £0,200 mil. fps

f. Yaw-drag coeificient. Kpg = 184 rad-o

g. Trajectory data. The {iring table gives time of flight and vertical and lsteral geflectisne with the
arguments true sir speed, zenith angle {800 to 2400 mils), azimuth (58729, 8227, 2, 477 and 877 mils), and

future range for horizontal flight in air of standard surface density.

8. Firing table data: Automatic Gun M9 (Aircraft).
FT 37AC-AW-1, FT 37AC-BD-1, and FT 37TAC-BE-1. Twist of rifling: 1/30. ifwzzle velocity:

iYL

2950 fps. OCM items 20955 and 21241 recommended and approved authorizaticn for using the AP Zhot 20

(]

in the Automatic Gun M2 with a standard muzzie valoclly of 3050 ips.
a. Form factor. The form factsr of the AP Shot M50 relative to {ts own drag function is i » 1,07,

The drag coefficient cwrve is shown on page 4.

b. Ballistic coefficient, < =3,782
¢. Stability factor (normal) S = 8,785
d. Damping coefiicients, c' = C.001,577,4

¢ =3.000,0759 it™°
e. Windage jump coefiicient. b = 28,000 mil. fps
f. Yaw-drag coefficlient. Kpg = i6.4 rad

4
g. Trajectory data,
(i) FT 37AC-AW-1 gives time of flight, elevatizn, and lateral deflestion with *he arzumenis air

density ratio, true air speed, and fu'ure range {or aorizcntal flight, zers azimuth, and impact on the nort-

zontal plane thru the lne of fiight.

Lo}

p—

.S

s
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FOR SHOT, AP, 37-MM ME0 BRLM 37.1.80
8.9

{2) FT 37AC-BD-1 gives time of flight and vertical and lateral deflections with the arguments
true alr speed, zenith angle (800 to 2400 mils), azimuth (5800, 6007, 0, 430 and 800 mils), and future range
for horizontal flight in air of standard surface density.

(3) FT TAZ-~-BE-1 gives time of flight and vertica: deflection with the arguments true alr speed,
dive angle (3, 200 and 430 mils), and present range for firing forwar< from an aleplane in air of standard

surface density.

SECTION VY
EFFECT DATA
Paragraph
Pepetration - = = =« = = = = = = o v o m v = m e v om0 m s e e - - - 9
9. Peneiration.
a. Dallistic limits,
— Homogeneous Plate Ballistic Number
Thickness Brinnell Coliquity Limit in
inches number deg Type fps Average
0,75 317 o Navy 1159 4
G.75 358 0 Navy 1083 3
1.0 327 4] Navy 1288 6
1.66 389 s Navy 1251 1
1.9 401 0 Navy 1208 1
7

LN L

o SO B, i

8 i e

-




35

v
.

.-
-
.
.
.
.
.
5
.

*
3
.
¥

.

e Y SRS EPPRY
H
s 4
[}
]
H
H
¢
.
3
+
.
.
‘
.
,

iSTIC AND ENGINEERING DATA

<Q
Cheamn <. S ey e e i )
R NS RN R RS B o
ey @ m.f*a_., e 4y boeh Ve s

sy oy dotoe . .. e e

: ri S ESESESE NN SRS FUDE BISS
\ + .m.. ‘ * LI L I TR S I
pa 5 ! 0 B A DS TR SR A &

. g 20 ) 7/ iy ' [N P I
k_.;T e . by 4 [T RV . e e
PR [ / *« [ I SR B S R B [ Oy
, MN : m_ﬁ . il n 4 P 453
Y < brnrmege HE . N i e I Y]

' g !u uvm.; k.}.“‘w» [ .. SR
) I - X-i g S R AR SRR e e e
_ ,HL., . .- 34y . /ﬂ :«umb» (R S . Ce ey
D ] B 1 yITTTYT I oi iy

ISP “ v Lk s . .. o . "o - . . e e w o .
. - . BT T ) T FM...% i / N - - P— % ;m

.o e O e b . P . s
- NN T e i E

O B N S S A
N
1

b -

4
\

T N e

’ -
T
'S

- feep wee

I
it
-t
N
1
e
it
L]
.
:

2000

s

—
-4
—e

b

5

i

TICD FROM VOLTIL OF “TERMINAL BALLISTIC DATA’

-
-

NAVY CRITERICN

-1'-'1»1-»'-'1')'-31-?7!7"t

-—
— et .
+
——

.

-
P

]

ORISR DU NNV ERPR Wy

6:9]

+
A

|
|

Hl
!
-+
b. PENETRATION ~ VELOCITY GURVES

HOMOGENEOUS ARMOR PLATE

LN - ¥ 0o
.y . *y .- % 10 WU T TR A A A S ST LT T
PR ' e e D -4 e |
PR * bt
v o o o ed
‘e e -t - -4 [ 0 Y O s
e v b - Lodet.
.“ T Y . )m . w
e H I e e
wgmb herg o e dee b b ) . w
|30 L & -
! : A e i o
P ) . o g4y e u_ -

«..uwz . L.+ il e T

) 5.

Ni—NOLLVHLIN3D

© =]
o Y

_
115
&
1
i

b d. .. e

800

g

4

4
}-4-
,.?.v

S
N
—

BRLH 37.1.80
4.5

40

3.0




FOR SHOT, AP, 37.MM. M50

BRLH 37.1-80
9
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BRLH' 40.1.2
Ballistic Research Laboratories Ballistic Research Lab,
Handbook of Ballistic and Aberdeer. Proving Ground,
Engineering Data lor Ammunition, Maryland.
No, 40-1-2 1 March 1949
BALLISTIC AND ENCGINEERING DATA
for
Shell, BE, 40-mm, Mark 2
with
Tracer, 3D, Mark 11, Mark 11 Mod 2, M3 or M3Al
and
Fuze, PD, Mark 27 or M7:
Section pParagraphs
H General ~---s-cvecuenccanaan 1
11 Description ~=sxsvemeccrcncan- 2-4
I interior ballistic data ~-=enea- 5-6
v Exterior ballistic data -~~-~-- 7-8
v Effect data --vencene R e 9
SECTION |
GENERAL
Paragraph
PUrpose - -~ - s cm s c i c i e e st e et e e me .. 1

1. Purpose. The purpose of this mumber of the handbook is to furnish a concise collection of infor-
mation regarding the shape, dynamics and ballistics of the 40-mm High Explosive Sheli Mark 2 with Shell -
desiroying Tracer Mark 11, Mark 11 Modlification 2, M3 or M3A1 and Paint Detonating Fuze Mark 27 sr
M71. This infcrmation is collected from the arawings, reports and firing tables pertainiag %o this ammu-

nition.

=
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F FOR sHEil. HE. 40MM MARK 2 BRILH 46.1-2
! 2.4
:
|
‘ SECTION 1
DESCRIPTION
Paragraph

! Drawings -~ —-— - v mu m =m0 o 2o ot v oot - e s - e e e

Dlmensions ~ = - = = = = = =~ - - 2 - 2 s s ettt h e e - 3

Physieal characleristics- « = = = » = =+ v 2 2 w20 000000 oo 4

.

T T e Y

VR T

mmur

2. Drawings.

Shell: Metal parts assembly and c-talis

Tracer, SD, Mark 11 {Navy BuQrd)

Tracer, SD, Mark 11 Mod 2 (Navy BuOrd)

Tracer, 8D, M3 or M3Al

Fuze, Detonating, Mark 27; General arrangement
and details (Navy BuQrd)

Fuze, PD, M"1: Assembily

Cartridge, BE-T (SD, Mk 11}, dark 2. Assemdly
and marking dlagram

3. Dimeasions,
Toattail: Angle
Length
Rand. Distance {rom boatiai

Distance {rom base
Pudth

Cyiindrical body: Lergth

Head: Angie
nength

racer; Cutside iengih

Fuze: Qurside e

8

Length:  Shell

Ohell a:ud frim o

e b A HA aleL
Shell, trater and fuze
Head and fuze

4, Physical characteristics. »andard weight: 1,385 b,

izaded shell with wooden tracer plug and Dummy Fuze T34,

423,428
75~17.17

300,423
73-2-201

75-1-168

800!

.57 cal
0.8C cal
1.07 cal
0.40 cal
2.00 cal
7°30°

0.89 cal
.35 cal
1,20 cal

s.28 cal
4,48 ¢2al
4,81 cal
1,89 cal

The foliow ing data pertzin to tnert-
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FOR SHELL HE. 40-MM " ARK 2

SECTION m
INTERICR BALLISTIC DATA

Paragraph

SIreSSeS =~ » = = = o ¢ = ¢ m v 0 ® " o @ N e e e e ... =. o~
Theoret:ical yaw INMDOYe = = « » o 0o c 0w @ e ¢ m o n v v o o0 oeeeoe

§. Stresses. The following table and the graphicel representation on page 4 show the longitudinal,

radial and tangential stress at the fropt end of the band seat.

Cun, Automatic, 40-mm M1 and M2
Travel to maximum prensure 8.8 in,
Twist of rifling at max P 1/42.4
Cross-sectional area ot bore 20323 sqin.
Rated maximum pressurs 40,000 pst
Total weight of projectile 1,485 b
Muzzle velocity 2,870 ips
Density of filler {TNT) 0.067 b per cuin.
Resultant stress:
Longitudinal 58,800 - psi (compression)
Radisl 1,000  pst {tension)
Tenzential 46,000 psi (tension)
3. Theoretical yax i Pore,
Mirimom 20 min
Maximum 26 min
SECTZWN IV
EXTI®RIOR BALLISTIC DATA
Paragraph
Aerciynamicdata -~ « = » - - o o -« e e = e n .= I 7
Firtng ubledata = = = = = = - « ~ . e c e .- 8
¥. Aerodynamic data.
2. Drag.
(i) Time-of-flignt firings.. ¢7-mm HE Shell Mark 2.
Fuze Tracer Veiocity Drag Form Drag
frs Funciton Factor Cog’,
1 64A1 M3 2867 G, 862 .128
3% 27 Mk 11 2366 Gg 827 124
5

it = = e

BRLH #0.1.2
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BRLH 40.3.2 BALLISTIC AND ENGINEERING DATA
) .

(2) DRAG COEFFICIENT VS MACH NUMBER 1
RESISTANCE FIRINGS T
+H  SHELL,HE,40-MM,MARK 2
FUZE, DUMMY, MARK 27 ;
NO TRACER
1 { : 1
FROM NAVAL PROVING GROUND REPORT 3-45
2
18
: 1
1 -
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FOR SHELL, HE, 40-MM, MARK 2 BRLH 40.1.2
7-8

b. Stability. Ballistic Research Laboratory Report No. 252, "Stability of 40-mm Shell Mark
T T/L/" glves aerodyramic data for inert-loaded shell with Dummy Fuze T34. A wooden plug was inserted
in the tracer cavity, but it came out when the sheil was fired. The stability firinge were done with & Bofors
Gun contaiping & tube that was rifled with a final twist of 1/30,

Velocity Mach Stability Moment
ips §9. Factor Coefficient
1200 1.042 .23 1.85

2890 2,514 1.48 1.54

8. Tiring table data. FT 40AA-A-3,
Guns, Automatic, 40-mm, M1 ard Dual, Automatic, 40-mm, M2, Twist of rifling: Increasing,

1/45 t0 1/3C. MV: 2300 fps (the MV for a new gun is 2870 fps). Weight of Shell with Tracer and Fuze:
1.885 1b. OCM items 17175 and 17250 recommends - and approved the standardization of the Quick Firing
High Explosive Shell Mark 2 with Tracer and Delay Action Percussion Fuze No. 261 Mark 1. OCM items
20391 and 20729 recommended and approved the reclassitication of the Detonating Fuze Mark 27 from
gubstitute standard to standard and the adoption of the Point Detonating Fuze M71 as aitemnsate standard.
‘The Shell-destroying Tracers Mark 27 and Mark 27 Mcd 2 are standard; the Shell-destroying Tracers M3
ard M3Al are alternate standard,

a. Form factor and ballistic coefficient (Drojectile Type 5). At all slevations:

15 = 0.047

Cp = 0.845

)
b. Trajectory data. Part 1 of the firing tables contains trajectory data for antiatreraft fire;
Part 11, differential effects; and the Appendix, trajectory and time curves.
Maximum horizontal range 10,850 yd
Maximum crdinate 7,825 yd

S
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BRLH 4012 BALLISTIC APID ENGINEERING DATA

s

SECTION V

EFFECT DATA

%:,} metiw-----o----n-;-o--cn--oa------w

- 9. Fragmestation. No iragmentation tests of the 40-mm Shell Mark 2 with its standard loading

of TNT have been conducted here, tut Picatinny Arsenal has detonated five Shell Mark 2 lsaded with Ednatol
(50 to 80% ethylenedinitramine and 50 to 40% trinitrotoluere) in a sand pit, and recovered the fragments
{Test Record No. 134-8). The averagz weight of the loaded saell was 1,795 1b; of the empty shell, 1,615 ib,

: The {ollowing table shows the average number and weight of the fragments in each of four groups,
F Weight Number Weight of Percent of
1 Zone of F ants Empty Shell
5 grains ragments 15: Recovered
e - 7 197 0.60
k- 75 - 150 14 .23
e 150 - 760 13 0.45
750 - 2500 1 0.24
Total 228 1.53 64,7

il
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Ballistic Rasearch Laboratories
Bandboock of Belliatic and
Engineering Data fc> Ammunition,
No, 40-1-81
BALLISTIC AND ENGINEERING DATA
for
Shot, AP, 40-mm, M81 or M81A1l
with Tracer
Section Paragraph
I Gemm ------- - - =
1 Description « « « e @ =« = =« 2-
m Interdor ballistic dats, -~~~
w Exterior ballistic datg <~~~ 3
v Effect datar « « » = = - -~
SECTION 1
GENERAL
Purpogse~ « = = = = = e m e mn v - P R

i T e

WM ~F g W =

BRLH 40.1.8}

Ballistic Research Lab.
Abterdeen Proving Ground,
Maryland,

2 March 1849

1. Purpose. The purpose of this number of the handbook is to furnish a concize collection of infor-
mation regarding the shape, dynamics, ballistics and effects of the 40-mm Armor-piercing Shot M81 or
M81A1 with Tracer. This information is collected frem the drawings, reports, firing tables, and technical

manuals pertaining to this ammunition,
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FOR SHOT, AP, 40-MM, MB!A}

2. Drawings,

Shot: Metal parts assembly
Detalls

Tracer

3. Dimensions.

Band: Distance from base
Width

Body: Cylindrical length

Windshield: Length
Eadius of ogival arc

Shot: Total length
4. Physical charactsristics.

Weight (standard)

Bage tc center of gravity*s
Axial moment of inertia®
Tranavarse momeant of inertia*

O g T et e — T gr———

BRLH 40-1.8%
2-5

Paragraph

L 7R L]

75-2-311
76-2-312

75-14-333

0.5C7 cal
0.400 cal

1,575 cal

2.330 cal
5.830 cal

3.906 cal

1.
1.
0.
2

4 1b. in
in

2apy
FERE

2
2

* Estimated on the basis of measurements of the 37-mm Armor-piercing Capped Shop M51.

SECTION 1
INTERIOR BALLISTIC DATA

Paragraph
Theoretical yaw inbore « = =« ~ =« o =« = = = & - e e e - 5
5. Theoretical yaw in bore,
Minimum 2% min
Maximum 32 min




BRLH 40-1.8% BALLISTIC AND ENGINEERING DATA

SECTION IV
EXTERIOR BALLISTIC DATA
Paragraph
Aerodymamicdatl - « « = = ¢ e c e e m m e e e r e m e 8
Firingtabledats « v = v o = = ¢ 0o e c e - e e e e r e m e a e 7

8. Aserodynsmic data.

2. Drag. With the GG drag function, the ballistic coefticient was determined from the time of
flight at 800, 1000 and 1600 yards and the elevation at 7500 yards range. The exirapolated vaiue at zero
rapge is 0.615 (gee par. 7b). The corresponding form facter, relative to Projectile Type 6, is 1.285. Hence,
the drag coeflicient is 0,142 at the standard muzzle velocity of 2870 fps. These data were obtained with the
AP Skot M81, but are applicable tc the AP Shot M81Al, since its contour is only slightly diiferent.

b. Stability., HNo stability firings have been done with the 40-mm AP Shot M81 or M81A1, The
stability factor, estimeted from that of the 37-mm Armor-plercing Capped Shot MS1 (given in Ballistie
Research Laberatory Report No, 225, "Stability of 37-mm HE Sheil M63, AP Shot M51, and Proof Projectile
M52 at velocities of 1350 and 2750 fps, for a twist of rifiing of one turn in 30 calibers, is 2.56.

7. ¥iring tabls data. FT 40AA-A-3,

Guns, Automatic, 40-mm, M1 and Dual, Automatic, 40~mm, M2, Twist of rifling: Increasing,
1746 to 1/30, MV: 2800 fps (the MV for s new gun is 2870 fps). Weight of Shot with Tracer: 1,98 Ib.

OCM items 178786 and 17750 recommended and approved standardization of the Armor-piercing Shot M81.
The M81 Shot is now classilied az limited standard, and the M81Al standard,
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FOR SHOCT, AP, 40-MM. MeiAl ERLH 40.1.8)
8
SECTION V
EFFECT DATS
Paragraph
Penetration « « = - « = = o - - e 8

8. Penetration,

s. Ballistc limits,

Llate Bal' ~tic Nuniber
Thickness: 1.5 in. Limt in
Obliquity: X° Type ips Average
Face-hardened Army 2004 4

Navy 1972 39
Hemogeneous:

Rrinne! No, 269 Army 2088 12
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Handbook of Ballistic and
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BRLH 57-1-3t6
i

Ballistic Research Lab.
Aberdeen Proving Ground,
Maryland,

2 March 1848

for
Shell, HE, 67-mm, M308
with
Fuze, PD, M89
Paragraphs
General - -« sececonmoca. 1
Descriptiofe - « = o - = - == =& 2-4
Interior ballisticdata - - - -~ -« 5
Exterior vallistic data « - ~ - - - 6-1
Eifect data --------- » 8 - 9
SECTION I
GENERAL
Paragraph

L A T T . T

1. Purpose. The purpose of this number of the handbook is to furnish 2 concise collection of infor-
mation regarding the shape, dynamics, ballistics and effects of the 57-mm High Explosive Shell M308 with

the Peint Detonating Fuze ME3. This informa. .n is collected from the drawings, report~. firing tables, and

firing records pertaining to this ammunition.
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FOR SHELL, HE. 57-MM. M306

Drawings
Dimensions

Physical chi

SECYION T
DESCRIPTION

- T . T T . T e e L L

aracteristics o ~ - - - - - - - “- .-

2. Drawings.

Shell: Metal parts assembly and details
Fuze: Assembly and details

Details

3. pimensions,

Chamfer: Angle

Length

Band: Distance irom chamfer

Diswance from base
Wwidth

Cylindrical tedy: Length
Ogive: Length

Radius of are

Fuze: Length foucside)
Length: Shell

Shell ané fuze
Ogive and fuze

4, Physical characteristics.

Weight {standard)

Weight (as tested) *

Base to center of gravity
Axial moment of inertia
Traverse moment of inertia

* Zec BRL Memo Keports 300 and 348D.

73-2-234

-------

75-2-359
73-2-233
and 235

10°
0.085 cal
0.345 cal

0.40 cal
0.15 cal

1.47 cal

0.545 cal
2.0 cal

0.785 cal

2.07 cal
2.835¢cal
1.31 cal

2.7¢ 1o
2.86 1b
3.237 cal
2.18 1b.in
.89 1ib.in

Do D2

BRLH 57-1.306
2-4

R

il

st i

K Bl Y




T

L e

== = e Gl s R aaad aendi) ——r— - T —_— T——

BRLY 37-1.306 BALLISTIC AND ENCINEERING IATA

5.7
SECTION I
INTERIOR BALLISTIC DATA
Peragraph
Thecretical yaw In bOra « » « ¢« = o o v v 4 02 o v 00 0 e m v 0o v~ 5
§. Theorehtital yaw in bore,
Minimum 11 min
Maximum 18 min
SECTION IV
EXTERIOR BALLISTIC DATA
Paragraph
Aerodynamic data = « « « = 2 o 4 4 4 L e e n e e e s e s 8
Firingtablegdata -~ = « = = = « = « v & o & 0 0 0 0 v 00w s v 00w~ 7
é. Aerodynamic data.
2. Drag.
Drag function G,
Form factor (from time of flight) 0.88
Velocity (fps): Muzzie 1200 Mean §78
Drag coefficient, K’D 0.191 0.16%

b. Stabiiity. These data were obtained with the experimental Shell T22 with 2 PD Fuze; Us
physical characteristics are given in paragraph ¢ {see Ballistic Research Laboratery Memorandum Regiris
No. 300 and 348D),

Muzzle velocity 1176 ips
Twist of rifling 1/30
Siabditty factor (standard) 1,82

Moment ceeffictent; K 1,31

M
7. Firing table data. FT §7-E-1,
Rifle, 57-mm, M18. Twist of rifling: 1/20. Muzzl» velocity: 1200 fps. OCH items 27448 and

28073 recommended and approved standardization of the HE Shell M308.

£y
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BALLISTIC AMD ENGINEERING DATA

C.ELEVATION — RANGE AND t u
ANGLE OF FALL ~ RANGE CURVES

+t
I
I

.-

1000t

Jredede 4

i i
us ; 5
T ’
- [ et
e i a
6o % 7
.

A
2

it

b e
-
t
ot
LT P
3 1]
£ e S |

é
]

MAX RANGE 4340 YD
o

o,
'
.
Ny
1§
f -
s
. .
¥
t
- o
o § o foss
ey
b
-
’

! - X :
260 1 2ol Siida iy ' e -
— r—b -4 -4 - - i 4 ..‘
: > RSN 2 55 IS N _: . —-v—i---—- ; .
1 all LT Tt 133
- s A ;
I i
- -t RANGE - YARDS SRAEEN
G EEREEEE i i i VIS SN 3 I I Y T

c OG5 2000

i




L wd e gmcmnnd

bt

1

bt =8 oo

ok g

BRLH 57-1-306

%—4»

AT o5

T

T

b e

v

.

..

.

-y

P

5
¥
i
i
T

o o
S
!

YR B PR

-~
L

i
1

e

H

k]
——— -k

1
-t -

i
it

=
.

. ey e A g e

-——

- o ndiriy e

~bpad

TIME OF FLIGHT

gy oy -
..*.44. ooy

¢ feend

o

s
1

-—-E»n-

i

|
i
g
P

b a-pede
ey

I g e
Iyt =

¥
1

R

i

s

e

v
T
1]

-4
!
& -
1
+-t

-

T

m
|
|

e E
—l «I[‘l - Y "

- i e

.}_.

-

[ENEPV NP

£

-+

-

-yr

A
:

E

r
-

i
v
k]

-

R
(T -

g

[
D e e ]

i,

H

4
e o

b ,.4

BN e

it f

:

v

H
:

TiME OF FLIGHT—RANGE GURVES

¥

H
-

T

H
rer

d.TERMINAL VELOCITY — RANGE AND

-

St 4

.

+
H

i
3

T
g

et

t

A,
i

k|

H

e o

.

.

o

T |

)
LT RTI

FOR SHELL. HE. 57-MM. M306

100

i :
<

$000

-

2000

KGO0




P gy T T TRATTREE

C AND ENGINEERING DATA

2,

BRLY 37-i-20¢

4+
-4

FRY

.

a e
s

1

. eae

PR

A -

.
.
-

L]
H
<
»
3
-

:

D e ean

RN
Foet a e

R

€

i
-
o
-+
5

s

—-i

e Er i

-

i
+
e
P
P
Pl
LI
-t
[
g g
i
R At
I A
s
PRGNS
s
Ly
P s o e
i

- o=

g cepmra
SN S
ey
3o e i
=
-t *
|

PRI A PSP
Y
e
e T VAU §
FIPN

T
S et om bt e m
H
i
H

"

—
. e e
e :
- gt
e
e pm g o o
t
H
i

- .-

*
4 -

{—VQ——Aa‘ o s i B
[P0 75 S

.?.é.,ai. J

-
s
g g

-

i

[ S
[ e -GS
hananl
g

B e o o - S

- o»-—q—'— A e ek = e gy

..,,.a.a. — e .

4——1—0—-“—-- FE . S

(e
Tt e e g
-

.o

1o

I

prus ot S PP N B -

! i
,,v [
: ,. b e ot
s o ,____, *H P H H . .m - B . e . . _“.._ ¢ i R i
HUSOERE RSN S RS BN TR b Ly ‘ mdwn.nh,:ﬂu
L P T DR VLA TRT O LI DD T L D T JH 2. RS FDRIE PR
! o PRARIR S Py e e s e " g H30 AR N N I AR SV
CETTEET T p e T '+ SRS RESEE S il
FOVTIT MENSEONEDEESARBNANE LIS 4. . b1 N AR A A
RS i SERRS: it . B ENE S SRS RS
I w.» Fa m.ﬁ« i * g Lo o . “ m [ S P AP w
w oo 4 L Jokd wbg ded o ddi . i IR RN S
__,L;L. 141t M g7 Jitrirt 5. N NS RESR AL
w LTI L L TR SRENRREN N ! NER B
“.,.W.;i_ .m. T P w,*, whooh chardnd ~ y s 4o d g - V* PO
: : Cilanld

N ot ngan g n o heofe

— g -

¢
-t
=
e
-

L e et -1

T N
VOB - - ohe [ 08 I N DY O - b b v R -

: : - vcum [ T T O S S u N .:ww_ w

M ol dare fiole 3 udo ﬁ B % I T N N ) - o » O

L“ N o fnd e N QS .. +

11

l. SPT Y BNT U RN U A O A

+

b g

:
—r

-+
RANGE - YARDS
- £DEFLECTION EFFECT OF | MPH LATERAL WIND

B 4} 1 " Jo LTI RN
X { +F RNRS NEER TU: -w..ﬁ ]
T “ o jatnd n¢nunguhh L el
] 1ac . : m . -1- o .:>* .~mw
J o4 R - O S Wy A W 0% DO ..x!...l.ﬁl PR N ~2 m,...;iﬂanovu
o ..._."... $-4- ¢ 4. P 0 NN 5 O 1O O O O vrs o 4§ ind e =.w . m*
+ ke ~ i S T e e 4 8 W A AR LR e ey 3 e
L b~ o - L1 “Flep b b et eeeb b b *. d,
= e npndnd [O6 QN A - PP Y PO Y S YOS ﬁh.
it et T N8I yEuupnfunghynsedns
— v b - %. . - ..M_ ..”ir... - _..“.- .e-..:“.‘iw
{ tot B - . and b
IN ~ 1460 H Thin s~ .row.&u ___ku.....ow....m
A O ot M e b e fi
o

prey




L s ) Lt B L Tt T T T e T TR SR Lo

<

i
i
¥
1

g
1
"
FODGISPN S S
'
o

-
.

o

B I S
:
T

D B T o Helatiamas wid

1

T SN J4-4 344 YT T e Il ew IBRERESER
L 3 AL 4114 ] 4 *.. =.:a4r,.,.:,.._*., <HW“ A
- - tp et - il o e et , M_ *h_‘m, m $oed o
& $dode vjod dos REERN 1t t M 1y T ““. :
1 w :4..,; RERRRNN NN bt
PR I P T T T g 4 .ﬁ - ”+ *4__~ ]
T
il T T T B T R e e
bt AT SRR NN : ST et
e T TEET T r e T
T HHH G A T T T T e L R @ |
L L T T LT THHA e W_ Pk i
NEPENERENN 4._..4.“, NI U AN .“L e
B L s e [ W e B S 59 ...r-..h oy .*‘ 19 . ‘m Poeee g :.‘. 4.%.. ‘.»E
SRS :;”,_%:u,.w pnannt s BN RUARBRARE N AN FHSRY boRy e 2} i@ o
m g b iy g, T ol ,_;;? 4t ..H SR PY TN .._«. A ...P..%x O
TR T o T e ENE R
| I LI IR A IR SR O g s ; 1 . Cpe N I ) 1 Y
weee g ettt e et b T T -4 ».l_.v . M.» . N I SH i P w.ﬂi_J e f.m:
% ¢ :
‘
i

o

v
- a2
I

- ¢ -
v
g
g
T
b

t

b

-
Il
v
Ty
T
4t
i
T
N
1
[

i

Ty
y FoC

P P U5-Rp SV
P e O
-

1.
R
it
PO SV

-~ s

H
. -y ot
: T
PR
PN
L v s

i
ot an
[t
v .-

¢ b
-

T

f———

R
PR A
fE
+ * s

[N
:;_:.A-"‘

. -

Ty
s

- ]
:
:
.
3]
:
3

"

+
.

T+
P
[
L)
— 1t
4
v
|
—
it
-
-+
i
i
13
H
H
v
DR
T
v
+
J R

44
i
b -

N
~
H

. R Y Y S

a8t

-
e
7
I
——d

:
v

3

]

:

t

L i
-+

]
—dtne p b b

-

v
b s
-
Lot
F

'

.
.
-t
+
S R
.
i
v
T

L

=

et o S I
-

i
Py

I
;
1
1
I
]

"
t
:
+
1

1
L4

-
T
.y
L
,
[
[
B
LR
1
1
5
w

Py
H f}
v—yrt
.
T T
b
P aad
1l
!
RS
"3
1
¥
P

t
4
— 4 -
—a na-
-
-
e

-
T
b
1

-
¥

i
b
4
1
v
11
i
-t
i
v
-
1

2000

!
i
'
v
1

AVG FOR t | MIL ANGLE OFSITE)

gt e g
t T
ety
P
1
!

T 1
¢
T
[
d
T
{
-~
.
i
3
:
N
I
3
K]

—tn
H

— g e
\
b g b e g

1

]
i
|
a
T RS REas
- aba .-:n.*r:m.,, ; NEREY
. A P OO S G T ( DU 00 PPN - M . . - ‘.T e
M. H
il

!
R HH
AT I (LS JOTIONYSY NIHS INVS )
TOTETOT SN~ 308 40 TSNV AHVLNINTIENO

e .?T:.:»*u__:____hﬂ:w::__._3:_::::
~N

LCOMPLEMENTARY ANGLE OF SITE

-
1

i

11
t

i
1
1
1

e

- s awe

P SR S PO
'
1

i

R T e SR L S S I
]
= fnd
g et
i

I3
i
T
1
.
Pt
+
T
\
i
|
7
T
-+
T
-
LY
—e
s
—
-y

=
RIS SR SR
e et de e g
-t eyt et e
L
-
bt 4

e T R e e e o7

¥
H
T
—r

E——
H
e

1000

¥
3
H
s
v
-
¥

i

e T

-
i
.
¥ e

-y v
.

5

¢
{
b
:.wa
i

=" e gt =

o sttt g e
o e e

N
:

L

=4 - 4 -
!

FOR SHELI. HE 57.MM, M306
YT
T3
|
0

e b b T TP AR P Lt ria st o W EEE.?‘!EEEEE




MY ;_, ISR RREARERRIR FPFATI T LT
M;,. . _#* | .i.y. G b m w* WWM._\..,F. R S

gk . __L,, b b 4 i- . 1 h,;__,, F T
L#‘.* ,M\ b fud S T, VR W - " . _..f. b dd fd e e PR C ey PRSP
op ey 1 e e e of ondeod SN AR S o LI CTIRTRE SR SRR
P . 3 00 0 0 00 o ‘iiw R R EE ERNE R
S H e R iR C bR IR AR S SRR RS GRS R R
H.ah, _..v.o. [ V- W o N - PR VR I O SN O R 41y . s a « e
1

7
e B S P N -

.
-
B s e b8 R iy e s e

BALLISTIC AND ENGINEERING DATA

ned ca pudes Us s

RANGE -YD

e R e - -Tl
L. S r 0 6 g B e
o S0 NN FORNIE N W I
e » eogud g ot " g o
| : Al %
ol w L o e e o b f g ﬁ.m
n 4 N T
PO 500 W o -4 bt op b
. P
:)

-+

b,
i
i
+
=
H

- |
m ] M H T DD
C SRR ANRRN IR ARS AN R ARFprE R b e e b o
@ T .,;_.,;_...,..n,m TR .‘.fq....w REE
S5 A 1 .,._.ﬁ”“.:;_.zw,_*..w_ SRADE NSRS
P Littr T ATHFH b e
Z - TRV T B T I W wedyn o o pand wdin P I W S O N - * 3 XF__m .H.‘. |- PRI -y
Ns m RETLITVESTEY SR R 0 SRRRK S
“m Ly . 4 .-,ﬁrr. Y e 7 ;R ..r.;.ﬂl.u:w H .....w......q.e..w,
- . fod ey - cre et and
w st ..i.,...A.\I!v : ! “.m:.rm...o. PP .‘.*_n....u
A 20 SRS NN NN ) SPOUSIeEE DERSMIDREE
— el ot~ 3. [ N i . 2 A . et . L R
m [ [ S S . Rx«_-.}x‘«,, ‘.»“;w m.w PR R Mw.mv:r.f_ .“MW
b fod ek e 4. mped oot et odea aef by TR B I D SR
0 T T W mEBAR alnns Sy pa na saes S L g
AW o o Y 1 N Y .y - “m:_,. .7».4'”.;‘”_7.. P P J*w
.l:;,w..,.,.,,r Xodo e m ML ki _,!h\, A N
HH W ot ST o T A O T R fm EESSWRE Db,
m : . VN 0 N 0 O o 0 VR AR A ,.H”m,_r,r.”...xii;
— F e e o v [ R .“x.:m -4 - S 4........-.‘» )
2 . ﬂ.ﬁ!? IMMI.L - .ﬁ_“-.h ..m‘ L..m.. 4.1ML. PR » - m
M = [ " e 0 8
X [ T
OII\
1)
LTT]
(0]
prd
m

1000
L
-+
!
.
L

3 O 0 0 1 O A O
o b MY TRt 1T N .—...._

T GA- 103443 JONVY OA-— 103433 FINYY

.
-

INANREEANNRR RN RN [«] (I S A I A e
W o~ el o m o~ -~




. w b ougandugngndoda S T s e RV W A VI O S wofu g d e b ' " N w IR
e g Lo b b et} Tl g ke bk b v e A
BN R AR a BB SR 1 s e ER R L SRR ERRDS SEO
Soded bl find g0 . Y s - {1 gt e g vw“‘_. .« . . .
J Y . & pp t N ¥ R L R TR
SRR ARERY HARAA SR AT S SR A B PR L L e e e e
| ARARSERRA NN T N el FLEELTEL R R L by GRS SRR BN B
R T m -4 WO 1O S . SOy 9 S O .M;Tw;in...f:_..'. e “
e I O T U T 1 98 6 A T N . ¥ AN AN RS : ._n_?m.. e e e
RS AAE R nan EW SRR T IR R AR N R AR * m I EE T A
”w UL I O 0060 R N W N 0 0 ) O o T g 8 G4 - Tk b gegededet B4 pog 4oL m. -+ m;.,_ _<,h...i::....g....5,,....“:.,.“
R TR R T S W = S A e T e
_ , L L ey S
i I VS 10 BY I By Y S A § .
h b g b doye h . . Ly L
TIVL LY 41 P o

o wos wep wnan ey

+- o

~
'

)
1
t
]
1
+
'
i
+
b
1
4

| !
! :
14 T
L W.u‘:,,..;.-a..‘ L ,m‘; e
- ERAnNNRRERA R RN AN SOOI y
- BB ThRotti b Vi RS

{ 100% 1S STANDARD

AU SO D

.RANGE EFFECT OF | MPHREARWIND 1°T
e SR

- S 2 P NS NEANE D $-1 - *‘H e e A

. bt L [ R T N9 W SV S Y » N .w . H ) 1 . e

i s g oo :\, P SR T T .

b [N N i ko fanbuge Bandor $urh o H w [y } ..\v\ ) [ PR .

- w s gn oyt fefod 1o ge b gy d g \@\% i N EEE R )

. N - " B v yn .o Y e - WOT T P - Y RN N v * : TR ) Lok R ] e .

: i - bbb R LB B - §e ] | ! P TSR P A i - .

TR LL

- -
i = ea
D

T

[ PR A

T KRANGE EFFECT OF 1%, iINCRZASE 1t AR DENSITY

4t

Sk b o hesab o e
s

[T TO0 U 00 U O 1O 0 OO0 O O 00 OO O U0 O 0 0 L
(=] [ 4]

~ o~ 1

_F,
2
$

1
t m RRREI
ey L . I Tx_. . P T » * r—, y bbby P .
. H Ll bk L " A | . Vi “ ;:”. P bew
> EECE IR TR I 1 P TR TR Ty . - " ' N V.m + , W\.. .’:,_ b J.‘,ﬂ Q, [ ]
“ “ * - A I T - ' g IY N P.  qa o gon _: N . r \ h b4y § e m bow ok N o
- N S 4o [ P00 A U B . . #._‘ %.,r\. .ﬁ g“t P A BN V,HL“,& Vv b ﬂ.d,
; , y ..,.,:;g;j SO FR TR IS SIS I 2
,, R DR S T Tithet A .;,m;,”:,:.;.f., )
N6 O SO AP G VR PR B VN R Qi UG PR S DN R S WO YO A I TP Do 1 S . . - PO PR . s [ i
_ O (8 D00 0 O O A O 00 O O O A O 41T . . sy \mw ,:..._ib M.q:.‘ :
-t * -4 e forepepey b e gt 1
m podmdoded dode bdid b fesn B - e b pe AT I R el e ;.m+ s by «
P IT T OIT e L rrer TP EINT L o Rprl AT e e s L iy 4 ",m4w.m”,... b
» TEITETY T s viaor-SAndnunpnageqininsandunnunt iy S oREEE BEE IS !
o w ‘ ”_v,. ¥ 74..%‘! i
_ 5 QR R o 100 R R 1 0 A SEASEASEuRyRERSE ;:::;: ¢ &
) bied g b d frofn Ao ge Ay ohe pde 30 g - PRy S v o - AL - g de b - 1 b I e «
i RNEARERAN b r . ERANRAND ARG IRENEN AR .:...“H |
i - A e e ded e g be bl i ‘ N R R B i
< oo ﬁr - o W N SRR . ] e . ] ] .., o . e 1 T m W EEEER H :
: m 1} SOMVA~100443 30NV | 3 U] SGMYA - 103443 30Nwy || ,ﬁ
& 5 s s o oo ! o . i
g




;
—-——

i

=5 —f-t -y

R ! ! e oo RASAN 3-1- e o -
U S e R R ,.;.ﬁ.ﬂ,_,t. AE R T P e R b e T t] o
w W~ hopege g grhede § gobey aedide b b e b b b h el de b b L S U R N O 8 RS ERD T AR R
- ) ..aw.w: - w. o bobade po o poen g 3 !i._. .J..'-.o.. t S TR W VO IO A o i - .ﬂm H IS T 4% ’ ﬂh”. “s“”. .. ..“,
. . .:..M ﬁ Tr.x;.. P S S TOr Sy Ay B By ¥ .y N :*r RE RN a.! P PSP R .
T ﬁ. )
O 20 O PPN N N Y A IS . o O P Y L] ' e . . e e e
T L , :

S  |

.
- S S

-

[ TR SR A Y N

D

H
[

F T S
-

-SSP S 4
¢ -t
<t e
s -
vz - 13
—f e
H T T
a—
ITE Y7
H - L
T —
<
bl t
- i
L A H
L. ¥
: i
Y
T T
t T T
: i T
: S T4
PP S
N N T
T Ty et
+— o
I T
I
I
SE it ARDERSITY
n
M = 4 s T
¥ v K
HRL A S {
e g 4
t F (4
S 4
= g e
~ > - =-‘
T T
——r g
B N e T USRS S,
et et
VSRS &

{ 100% 1S STANDARD)

S e ——y et e i nf et

; i
. -4 1 L
R R AR ISR R R R AR A 331 FEE L : SRR A
§ . i N S Y T A ) 1O N S . O O 7 o I A ,ﬁ.i, T n . ,.,m. - N . « s
R 0 0 00 A N O O 00 0 0 O 0 N it L1 b b bbb et e . SRR
, 1

B

:

<
}

. -

-i5
-20

.._
t
w
o | !
Sk Bl T
ﬁ. JULS R -Fi 1 ; h ppalbigd
s hadhglnsssnns AN S RA AR RS SEEE ENRSE A
,_‘.I S Iy o Tt w e i 5l o ”x . N 9 e u W e s ke e e e v
B 155 FREEE S BT : D SN
b - NN _.m b B M..§. gy
. mv R 1] ,< R N
y R”;._... N . .. ;....EA,,.. 4 HW. " nnl\, _(:“...._.,._ ..“.‘ﬁa
' . _. " L g » SR TE I Vg m v_« : " ‘,“:L_, . ' e
s . . F P T e
e b 31 Wb 0 O S e k,%wuwm,%.“u ..m . l“
PO T - o SE T3 BE-1 ' e d . o4 PR PRI T
T T S +ET SEoRbE S SLSER RN Bab:
- .L.-,\T R RN R RN IR
N o M e wﬁ\ 3 %4...*.~ﬁ H...H.H....». .W
o pond  Gomm FOF IX I PR ¥ LI LI IR 4§ . P S v
m ix v ] > *J_ T S S O Mw,
REg R R e I S S AR P gl SRESS RS TS I8 FEEEERNE R
4. .v\u ,a. N ' w_...‘...,. . P A S
”; Yoo §b q,,l,,‘___v;:r P
T AEPTTTTTT T TT T o EEN TN f it | M I Soore o
'rw. ..,.vw ;e._,. - — N -4 #m HgdAM.‘...._,-.w..L..
md b g . N A P P g -l LR ¥ 4 Y T ) .
- 18 LHE iReggnanusis R RS IS AR ™
= y - HR T T TR TTTIT .;“...rﬂ..w..;;.”..W...,w.-.
.-\Ip ;.y.v.A. PR % ..M ne |Qiﬂ M ..‘1 - - g S S . .ﬁa_wﬂw.MkﬂP»-. ..m..- e
BENE RN IO AN AR AN AR A . 4} v i LT . SO SN TR I e ke
Wm e - o fogedete fod L;wew. wd-fodedete b} SRANRN I _ i .MH*W.\HM“H.‘.
- =1 . v % . b o ..t,e. vf..v L R R T T
T T R T T T o e oy T T T T o T T e
_ m I SOUVA ~J0E453 IONVY +1 1 M _,H% SRS RN AR m 41 SOHVA - LOIA4F JONVY (! ;.LA_..;.;.,.._.‘
“ i TSSO 0 Y0 O 0 U OO I 00 WO W 0 0 . ;;..0‘ , S Lod O U R NSNS 0 A0 T VUUURY 00 S DY DO G U SO A MO 05 VOO S
{ % o © o o) .
e




BRLH 57-1.306 . BALLISTIC AND ENGINEERING DATA

8.9
SECTION V
EF¥FECT DATA
Paragraph
Sand pit fragmentation = = = = = ~ = ¢ o o .t . n b e e .. e .. 8
Pa-slffagmentation « « = « = « e m e c e s b e e e e cc e -a 9

§. Sand pit fragmentation. The data given in this paragraph were extracted from Firing Record
P-38375. Five HE Shell T22 were placed {n boxes and detonated statically by means of an electric blasting
cap connected to the PD Fuze T119E1, which was modified for this purpose. The fragments were separated
irom the sand by means of a magnet and grouped according to weight. The follocwing tabie shows the average
rumber and weight of the recovered fragments,

Weignt zone No. of Weight Percentage of
(grains) Fragments {1b) Empty Shell
Gto 50 428 0.82

0to 75 18 0.13

75 to 150 12 0.18
150 to 750 1 0.03
Total fragments 157 1.14 54
Scrap 0.25 1m
Total {ragments and scrap 1.49 71
Empty shell 2,11 100
Loaded shell 2,63

8. Panel fragmentation. The data given in this paragraph were extracted from Firing Record
P-38089. The panels consisted of 1-inch dressed No. 3 pine boards 9 feet high, placed in two semi-circles
with radi{ of 15 and 30 feet. Each of {five HE Shell T22 was placed at the common center of the semi-circles,
with its axis in a horizontal piane that bisected the panels, and detenated staticaily by m=2ans of an electric
blasting cap connected to the PD Fuze T119E1, which was modified for this purpose. Fragment velocities

, were obtained by means of screens placed 15 feet from the shell. The following table shows the average
welght of shell, fragment velocity, and numbter of fragments that penetrated the panels,

Weight of shell 2.68 1
Fragment veloeity: Side spray 4259 fps
Nose spray 1332 fps
No. of fragmenis: Perforations Penetrations
15-£t radius 146 471
301t radius 87 197
Total 213 5

12
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BRLH 57.1.307
1

Ballistic Research Laboratories Ballistic Research 1.ab,
Handhook of Ballistic and Aberdeen Proving Ground,
Engineering Data for Ammunition, Maryland.

No. 57-1-307 J March 1848

BALLISTIC AND ENGINEERING DATA

for
Shell, HEAT, 57-mm, M307
with
Fuze, PI, MO0
Section hs
1 General - = - ~ - © .- 1
it Description = =« = = =« = - - 2-4
m Interior ballistic data- - « -, 5
w Exterior ballisticuata -~ -~ 8-17
\Y Effectdatae - = » =« =« = = v - 8
SECTION 1 ’
GENERAL
Peragraph
PUIPOSE = = = = = w = o m o = = = = =~ = o “ .- - .o - .- 1

i. Purpese. The purpose of this number of the handbook is to furnish 2 concice =~ollection of infcr-
mation regarding the shape, dynamics, ballistics and effects of the 57-mm High Explosive Antitank Sheil
M307 with the Point Initiating Fuze M90. This information is colledted from the drawings, reports, and firing

Aes pertaining to this ammunition,
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FOR SHELL HEAT, 57-MM MX7?

RRL~ $720.307
. y
% SECTION IY
5 DESCRIPTION
e Paragraph
Dravings = =« = = =2 o » 2 o ¢ o b 0 n t e e e s e n e e ~o =« - 2
Dimensions = ~ = = « = = o = o v - 4 «m . I RN R 3
Physicai characteristics« = « = = v 4 - o c o 6t c c cc h e r b r e m 4
2. Drawings,
Shell: Metal parts assembly and details 75-2<353
Details 75-2~354
Fuze: Assembiy 73-2-228
Detalls 73-2-237 and 238
3. Dimensioos,
Closing plug: “.ength {outside) 0.10 et
Shell body: Base to btand 0.4) cal
Band width 0.15 cal
Rase extenston .07 cal
Chamfer anyle 10°
Cylindrical length 212 cal
Threaded length (under fuze) 0.21 cal
Total body length 2,3% cal
Fuze: Bedy length (outside) 0.3C cal
Ogive length 0.82 cal
Radtus of ogival are 2.0 cal
Total length 1.12 cal
Length: Shell (body and closing plug) 2.35 o8}
Shell and fuze 3.47 cal
4. Dhysical characterictics.
] Snel) Welght CG to moments & - |
P~ Lot Dwg 75-2-353 Base Inertia - b, in
No. Rav -~ Date ib cal Axial | Transversa
PA-E-T45-167 - 24 Oct 44 211 1.353 2.20 10,42
MG-1 1- 3Marsb 2.70 1.289 2.088 9.756
GR-2X 2 - 8 May 45 2.15 {Standard)
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SRCTION IO
INTERIOR BALLISTIC DATA
Paragragh
Theozetical yaw inbore - = = = = = = o = w = = o w .- “ .- 5
$. ‘Theorsiicsl yaw in bore.
Mintrmm 5.3 min
Maximuam 8.0 min
SECTION IV
EXTERIOR BALLISTIC DATA
Paragraph
Asrcdynamic 44t « « = « & = = 2 0 m o 2 e e e sk e e w e e .- &
Firlngiadledata - « = = = 0 - o e e e @ 0 e e e e e m s e cme e 7

8. Aerodynemic data.
8. Drag. The form factors relstive to Projectile Type 1 that are tabulated here were determined
-from observed times of flight.

Shell Form Velocity Drag Coefficlent
Lot Facter ips K‘.}

Mo. ‘1 Muzzle Mean {at muzzie vel.)
MG-1 0.982 1200 958 218

GR-Z.?Z 1,08 1200 1023 233

b, Stablifty. Baliistiz Rese_ rch Labosratory Memorandum Report No, 348D and letter ADS
474.1/185 give the stability factorg and mo..ant coefficlests of two lots of shell whose interics dimensions
were ditferent {see par. 4 Ior (st plysicdl cazrasteristics).

Sl Muzzle Twist of Bukidy Moment
P Yelocily Rizling Factor Cozificient
No. fos 1. 5 KM
PA-E-T45-187 1200 1750 1.3¢ 1.53

MG-1 1215 380 1.1 1.15




FOR SHELL, HEAT, 5204, M307 BRLH 57.1.307
7

7. Firing table dats. PT §7-2-2 (sbridgad).
Rifle, 57-ram, M18. Twist of rifling: 2/20. Maz2ls velocity: 1200 fos, OCM items 27442 and 28073
recommended and approved ctandaxdization of the EEAT 3aell M307,

£. Form fastor snd ballistic coefficient, Tha following form factor and baliistic coefficient re-
lative to Projectile Type 1 apply to ait elevaticns,
i‘l 0.94
C, 0.583




'Y ) 1 [ : ¥ ] ' i

e G |
1

*

—

w , ary Q

" T LT T T O TZ,,: TTTITI R TTTTT

et b : 4o et B O % 0 O O O O A Y
{ | ] S7W ~ 1dibg l_.,..u g8 M :ﬁ : :ﬁ
: SRR e s I
H t ot 11 “LJ - :ku.%& Y . By
- o e ks - - - =

oy ¢ frbea
. *

PRS- SIS S
T

PR M
Pendages

BALUSTIC AND ENGINEERING DATA
3
~
i

b 1
g i - f-de goteg gl ™
1 L]L 411 4o frat
3 i o -t RN
M,; m W B NG .
" g ol ﬂ.n. wdadn P g Sy
i o oo .
¥ m, 3o 4o] W m m : _,.?ﬁ.,u.g -1 R
. - " by l l L
- W I d I
- & Q w ~f~4- dradop g 122
3 ul _— ] 4L g B I T m
f 1 i3 * T L)
: w L 3 uu“m T m Tt &
~ m Ty . g gn . g v ot % vl
' " »” . ¢ I .- ponds pﬂ |-~ S O b Uy~
, O N A o ofaten QO o L]t et 5
g & 3 : 4 Ha o LR
e j Il HeE e o BRI 1 ot soeve sc i< St M
: z 33 1 T HESS TG R s enen wabuls
i 4 gon o Pt soobomand < ovrampurtod o om o
) Qu ] Lixm o T bz &N\ : w m
y ﬂc‘ " whpoed s“!!roal o] w .v:und.%ml —-—
;,._, A ( R!”“i - é@ N i ek Tx Aﬁ
. > -1 %, ! o H
3 = Hw ¢ = :
i w5 ; HZ HA N R
% N _ A W i~ { \ 44 m
. A + U © n 4 e
3 T . :
i_ﬂ f - I -~
. 1
5 o I
vf. : L i,
i ! .Lf) 3
, & : g
X
) M
s
Laodon . .
» 1
s ¥ !
SN » O3S ~ANOIS 90 INEL
T X o 00 00 00 005 05 0 00 30 0 0 O S O o
MN [ w < o <
o
i e b o bttt e g i L b o Faa o i 0l o glh o b et i gl o il it b g bl o il Biad il skl RO L o N g Ll e PN 0




e I e o i by T s s e s s

FOR SHELL, KEAT, S7.MM, #5307 EPLH 57.1.307
P 3
SECTION ¥
EYFECT DATA
Paragraph
Penetration « = - 2 « « o b e 0 2 a0 = 0 0 - .- e .- v e - 8
3. Penetration. The average pmnetration of aomegenecus avouor plate by §7-mm BEAT Shell M%7

is 2.5 lashes, ’
.
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4 7
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ior

Sheii, HE, 60-1nm, 144842

with

Fuze, DD, ME2A1

H General -~ -« <« e mwaa- i
i Descriplio v v = e - o« - = w = 2 -4
1 Exterior ballistic data. - - « - - 5-8

SECTIORN 1

GENERAL

- & - - &, e e - omom o

R . . T T A

BRLH 60.1.49

Ballistic Reseurch Lab.
Aberdeen Praving Greund,
Maryland,

3 March 1548

1. Purpose. The purpose of this number of the handlaok is to furnish 2 concise coliection of infor-
mation regarding the shape, dynamizs and bailistics of the €0-mm High Explosive Shell M4DAZ with the
Poumt Detonating Fuze ME254:. This information ts ocllzcted {rom the drawings, reperts ard firing ltatles

perlaining to this ammunition,
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FOR SHEL!. HE. E0-MM. MI9A2 BRUH 6G1av

] 2.4

3 i
El

; 2

3 SECTION T
- DEGRIPTION

'a?))
8
3
B

3 Drawifgs - = =« = = ¢ = = - o c e o v o o e e n v~ = = = o o o =a .- o

3 Dimensicng ~ = = = + = =« = = T
Physisal charasteristics - = - ~ o = = = =~ = o 2 -4 s s e o v s e o .

e 1 (N }

2. Drawings.

Ll

3 Sheil: Melzi parts shipping 2ssemtly and details 75-2-285%

: Fins: .ssembly and details 75-2-22§
Puxe: Assembly and details ?3-1-181

3 Compiete roeund: Asscmboly and mar¥isg diagram 75-3-82
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Fuce: Length (cuiside)

]
Lengtt: Shell and fin zssembly 303
Shell, fin assembly, amd {uze 505 ol $
4. Paysicai characteristics. .
Weight {stendurd? R G -
“epter £ graviy (s nose .52 ol ;
Trensverse moment of inertia 13,43 . w %
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BRLH 60-1-49 BALUSTIC AND ENGINEERING DATA
6

8. Firing table ta, FT 8C-A-3 and FT €0-A-4 (abridged). Mortar, 60-mm, M2 and M19. Smooth
bore. Muzzle loading. Projectile weight: 2.98 b, OCM items 14517 and 14617 recommended and approved
standerdization of the HE Shell M49 with the PD Fuze M49. OCMitem 15196 classified the HE Shell Md9Al
(steel instead of cast iron}with the PD Fuze M52 as standard for limited procurement. OCM items 16028 and
16122 recommended and 2pproved standardization of the HE Shell M49A2,

a. Form factors and ballistic coefficients. The following form factors and ballistic ceefficients
. relative to Projectile Type 1 apply to all elevations.

Chavge Muzzle Form Jallistic
Velocity Factor Jvefficient

; No. fpS il > 1

0 189 .82 850
1 292 J3 .730
2 371 S8 .880
= 3 449 81 .858
.. 4 514 .82 .850

i
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Ballistic Research Laborat-ries

Handbook of Ballistic and
Engineering Data for Ammunition,
NO. 60-1-'83
BALLISTIC AND ENGINEERING DATA
for
Shell, Oluminating, 60-mm, M83A1
with
Fuze, Time, MB5A1
Section P_am@
1 General « « - e e m e - o 1
4 Description « « « « v = = = 2.4
m Exterior ballisticdata -- 6§ - 8
7 Effect datae o « « = o « = & 7
SECTION 1
GENERAL
PUrpose = = = = o n e 0 m ke C e e e d e .. LR A i

BRLH 60-1.53
i

Ballistic Pesearch Lab.,
Aberdeen Proving Ground,
Maryland,

4 March 1948

Paragraph

1

1. Purpose. The purpose of this number of the handbook is to furnish a concise collection of infor-
mation regarding the shape, dynamics, ballistics and effects of the 60-mm THuminating Shell M83A1 with the
Time Fuze M85A1. This information is collected from the drawings, reports, {iring table and firing records

pertaining to this ammunition,
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FOR SHELL, LLUMINATING, 60-MM, M83al HRLH 60-1.83
: 2-4
SECTION I
DESCRIPTION
Paragraph

3 Drawingg = = « = = v = o = s v e c e s s m 0o e s ot e s 2
DimensfoniS = = = = = = c v m r r 0 0 0 e s e e e mem - « o -~ 2 .
% Physical characteristics « =« = = « v o o v 0 0 c w c e n ccdw e 4
, 2. Drawings.
1 Shell: Body and loading assembly 15-14-350

Details 75-2-316
3 Fins: Assembly and detalls 75-2-285
3 Fuze: Assembly 73-3-177
Details 73-3-178,179 and 180
Complete round: Assembly and marking diagram 76-1-143
. 3. Dimensions.
Fins: Number 8
Length 0.80 cal
E Length of assembly (outside) 0.91 cal
Body: Resr cylindrical part 0.17 cal
i Conical pari 1,18 cal
g Pront cylindrical part 2.85 cal
Total length 4,25 cal
Fuze: Length {outside) 0.87 cal
i Length: Bogdy and fin assembly 5.16 cal
. Body, {in assembly, and fuze 8.03 cal
4. Physical characteristics,
X Weight (standard) . 3.77 b
4

3




SECTION I
EXTERIOR BALLISTIC DATA
Paragrapn
AerodynsmiCdail « = « o« mc wm w e mmasm e .o 5
Firingtable @i~ = = =~ v == v = = o = =« = v = = ceeemeaaaa 8

$. Aerodymamic date. Ths tallistic coefficient of 2 3.7-1t Muminating Shell M8::. . tsets
Projectile Type 1, determined at the lowast elevetion used in the range firings with each pr« pelling charge,
and the corresponding form factor and drag coefficient are tabulated below.

Muszzie Elevation Baliistic Form Drag
Veloct! goﬁicimt Pactor Ceefficient
e deg C 4 Xp

315 80 543 2.01 A7

31 50 e 211 .180

430 45 J22 12 178

6. Niring tabin data. FT 80-G-1 fabricged)

Mortar, 80-mm, M2 and Mig. Smooth baze. Muzzle loadlng. Profectiie weight: 3,70 1b, OCM {tems
18031 and 18110 recommended and approved standerdization of the Miumise"ing Shell M83 (propelled by 4
incrs=ments of 1i4 powder) with Time Frze MES, which burns for aout 15 see,

QCM item mxs dosu'm!d this profecille the THuminatiog Shell ME3A1 when propellad by 4 in-
crements of M3 pal'der OCI( ftem 31500 reciascified thece projectiles as limited standard.

.\w‘

.
LN




bor g
- b-l-i

6
(1

T
{4 ¢+

BRLH 60-1-83
5
{4

1
N
1
A
'
I
i
.
-~
. i
i
RGNS EuE

f—d g s

-t

(i1l it
IRERERR

T

A1
14.
1
_t .
: Y Lt ¢ { SO S -
' ) ! ioaat I . 1 i ‘t—. JURGIOS T . QR g, - —
r w -t . _.«%.T 1 41 R SO b PV R
,,. g .-lu...*oﬂl t M 1 —— 5 1. + » . e v o o B B S ) s v ) e
! - Yy eyt
_ ) N 3 ™11 T . I
| e B ] H -HTITEH
$ foting ¢ H ~g-r -WI.I«L 5 -+ : Mﬂv 4ot .ﬁ. m‘uxTi 41
w,, L) v m (7] «.* N ; 1 m 3
] : i 3 - b fed !!....ﬁ..& X 3 P ,...HH ﬁ.. SR o
, e 2 : HH HaT
, } ¢ .. o SIS
) =1 ~ e B R e
w +- m - - fofans o foampe o fodmet
3 b2 N e v b vu . UMJ.M.F:vﬁ.QJl!
i m __. - T : ' ».lg!.@i JR xsh...o..—!‘.....
X i} e - O T TR i e T e
. = ! MJJ + - e TR Ristesst My e
o i ' ...— “ 1 e e mal . Whaendat + lh. R&
F A ; FIpe] « il NS 35 JU00UDES IDUDNRERAY | WIROREY WPEDNANG B Y Rpgen
4 LI P O N A e et St -
L T 1171 . IH* ottt N SR S0 SRERIMINE S O = at ) e
! m : H k. % 1 - ot 1d Ao fogmpadae - 1 b b fom H
s b t * 1 AL M 1
= NI o . . “m BN e e 1 g iy e = o
g - t - fnd o b foen fonb oo , ' o]
X o 4 Py v ’ " .4..._— bl.!lﬁulv....LA —
) m..;.; lwllz R e e v nt ek b V.hlw
X ~ - ¥ P S L'
¥ ] i LI -
® i k ! - r } AT
! 8 o N, wu % i i ks v : L
. W o O "“ITITHY ) L SR
Y - \ o n ; i i
A ) ? ? T
! 5 i 2
5 p-ef T
o m 3
m .’H
o
5 <

i

- CHARGE 4: MY 430FPS | 11-
50
i
:
50

1

-~ L o

1 8 0 .m

b
-
=

a8

2

2.
{
40t
Iw

:
3
3
£
i
3
:
g

=



ﬁ O o~~~ . “
M..
4 < o
! ™ v
A prd HCUEINR WY w.m unu PR NN I ;wcwjv«mn‘qawx o
i o sorted g :m {1 -+ Aoj=i- L 4 §- L +4 1444 ) o fuged 1 vieddabed
» |lcﬂl. $tr { ' e m+.? .....«:u . -
g L W B - g e A A
; PRNULI N FMPOY N R 1. OO O A T .w.; « e
,n . inlunlﬂ‘....w&?&l. e » iﬂlﬂ..#LJ 'r - e
W‘, y . o L B et b DA B DN IS RS
m w B e Bk : A e 14 g gt fus e ee ?.T.w v ande w
: JPEIEN SIS I \ s
R B e pni e I
i e o dmpaond 1 N RS NN W N
kﬂ_,_ m ..n:“.)lml 4 } w " , 3 ;.”.”,i.»!...l .,nq._:f.‘-.mi.t“ -
f + + ¢
r; .. - L.L ot e o] . ._ } i .$ Tur,..
- :.. -t i O i :
g -t } oo wuterd (=]
) .IW 0 : i T ] w
: . -I- g .y SR TR S lﬂ L) ——
3 ans THES T %
i ; L8 «]
L e : S o T ) -
| - - R i S primmone e
L - i T 2 A ! H ‘ i
o e ) i ¥ TR Y 1 -
9 -1~ - $-4 L % m
3 e T IS mamm el mises S o b B P
o .!al— i . m M i m ! m m a u
! nm oy : LIS ST
" 34 H LN A .
b, 3 : T LIS 8 B £
.ﬂmz [ drs N i N vfn“ i [ “ *
k,,, .J~ z 4 : + t 3 m
2 lﬁ - PSR SRR u
m,t, ﬁ_.. m | ul i : -
,::, = o - ]
\ T " m o ]
o osade. » S
ul m w —.
- = 1
- §
HE ] 3
ams
1_t!< a
e e
nagly W
- ' g
$
g 1
0 0 0 5520 ” _E&._..,_..rrtlt.r&_r: . m
<
D ils Ll " pa . m ) L I} 5 e Lt Stk AR ki " L PR L

. mgﬂl_\ﬁ,a«.‘éj.::.:d W e g e i:

il




.
- _ B

~

2
HIR I 3 I 0¥ DU IR0 00N el LI L LR -t dd 4 1 H - N PN I EME S .

wﬁ >_—.m .w' . ~S‘NJIV~|W1¢1M N - x“. ...* b .b. -_.. < b ..rJ n_. _ - fwﬂ .~ « e - .:&
PP P :m...‘..a . ! 19 SRS 90 R O O g 8 .ﬁ“.L.," PR RO O

M m;t!miﬁ: o -1t A...WI\ —. = . o fande i— ~¢.w “l” (XL SEREN . ohﬁ

% _.;mt:, T G W 1 1 L R SUROY DI DRSS
5 w..”_,m,.t% audtfnnny iunasndadd s nnng wnhnd ERSEY EEERE RREE:
_.”-. . W bt m ..in.);w..? b T 1 1 M e . Jlm.w, RS h~. R P . m
N - an..w.ﬁ. A0 4ot 4} m. odde o i - wlﬁ em. o} Mﬁw e et : _».H -—
S S aanEdusnunfunanununjanaynannuannea nR eyt ERRe] EORRS Reh)
- ”‘.i L L 4 11...+..¢:..v!-¥ e -y + fud ““.m.w l*n.u.lrh W?.',m:
- HEA P ke el RN L Mw,_m m,.ﬂ: S
. .. PO o o » 3 — _ b BRI DR 5
- i gml Ci#lw.vx-!l. 4o e §ood oofm s. - m PO I ....ﬁ.:!-.c. w
u...u ! ENREENENES SLLL R . e e ]| O
.t s -1 ek t =1

- . .

f"r---(
Al
IR
Ty

1
[}
Y
7
¥
¥
H
i
i
T
1
1
!
H
—
t
’
H
'

PR
i - »
.

)

.
¢

apn i % B3 o

...u.». -4 W

B RO M0 N

o reran_m e st e ey s
v
PRI P T

_},s..
-t

1

i

|

b

i

¢

+
I

B

+
Lf_.

i

CHARGE 3: MV377 £PS
1§

|
R

e .
!—a

. -

I w-» e B

o pedeges e fude
[ :“..o vl*o “ew

=i

——

1
-

.
i

[3
I}
1
4
.A—.

. e - e s v ..!4..?7.?3. T.....*.\ .4.4. g e P e
4~ . s o podonanid A | o ganger - | §-4-4¢~ e .0'0.. . P « e . .. tee -
- ‘nr.. e b gy vhange “ T.L.\.l.llr‘&;;! 2 I BN .n:tn.f‘xm..n- - v e e '&nh ,.ﬂl
myper w e feeep v ] dnfe N 1 W6 5 O B 19 2% e Y4 SRR KR e b f e g e lﬂ
[N M_w_ T I [ IO h
oo o grdedif cve g oo . b « nep e de -

lt.?:} T T n e
SR TR .
- o .a”. . ope .

g
g
]
Mrﬁﬁ RSSOl SRET DI D - Y
w 4
-
b 4
O
N
(vl
(@]
I

.“.M(H Wu ;

14

St t

700

e e - .- N

ve v s . ——d

!
Y
¥
L
T
(3
LR
e
T
4
=
:

] 1 . A t
Y . - - . ——— 3 - v . e P -y
R ek e A TR R LErLL RERRE Fu & 58 PRSI BESSE I =4
T Rangsuaeyi - S LEl
. LI S I N O L NENERNESNNES % L borepdr e s d
o b fe 1 . *W { _f -#_ LT A wd o dm - wﬂa m_ .” -y - TS i b .
- b fn Lm TR0 VR g 0 8 WE SV S A Wy O R 4 8 By b3 . .
" - FL T e R e e p i 1 e Tt S nitit
” -

da
Rl : et m
1 1
vy y bergenge rqv.ivu.. - -T

’
-
-
.
.l
.
-
] [ S [ 2 SR
]
'
t
]
-
]
*

v
i”. o et g frd pdens !ﬂ,‘ -y
. ! T g prebrean g g

‘ ‘
g e o & e

: - — m

1 T T

T ..

1.1

B
.
]

L]

+

i
ZHEIGHT OF BURST— HORIZONTAL RANGE CURVES
+ :

IREENEERNE PN

’ H .
RERE
o O ottt FRR A b EER IEENERE e
-t g s A SRR S AR R o e e i
) N S b e i edad 5 o . 4- 9§ 1m,1* - 4 1+ 1 ......_
- ot ‘ d
-+ s -t b - b 1 T . SRR R EEN AR _.:.:k:‘.,g.;...ws.“!!

T
i d
¥

MV 3i5FPS

=
”;*
it
i\
1t

i
L L
S
3
LR
=4
e
L)
L]
™4
T
1
L
I
=
—
ot <t
b o e o]
deaes o
[ERE =
&
=4 ron
1
e b
[
[
bos o o
1t
o §aed ol
-
+
{

-1 b4 {~ . o2 0 ot
-y {ﬂ..T.:liw wid 4o} hnpv\ ouv T W .

—
d

3
.
0

4

T

4

T

e

13

t

i

T

T RN S e

TLor i

i
T
!
1

i
¥

S LA S e 2 2
: ¢ e

Y ﬂ.!.?(..! s 3
!;;4::.:“_. }

e

= Y
br~~— -+

:

H

H
H
1
g
T

oo
T
1

i
H
[
3
}
1
g sants el

mcm<> l.._hz:m &O ...xw.

L NI 100 0 O O Y O 5 O S O D0 0 T O

3 2 3

I
*
LIS -3 S

i

———
et i
Sl
b |
e
i
= & ¥
-1
i

-y

"

AL
v i 1t I

-

[t
CHARGE 2
ip !
bt
!
.
R T‘r
LIRS ;‘5
RN
¥
T
g
+
3
'
'
1)

[

=

4o *

3

400

FOR SHELL, ILLUMINATING 60.-MM M83Al

[«]
© m




.

&

BALLISTIC AND ENGINEERING DATA

SECTION IV
EFFECT GATA

T. Nicmdeation. After bozaning about 15 seconds, the fuze reiesses the candle, which is 2arrfed by a
parachute, Ia the foactioning tests of the Muminating Shell 34E3A1, the candles burned from 25 to 31 seconda
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Handpook of Hallistic and Aberdeen Proving Grrund,
Enginzering Data for Ammunition, yaryiane,

No. 63-1-302 7 Mareh 1348

BALLISTIC AND ENGINEERDIG DATA
fer
Sheil, Smoke (WP}, 8J-m:n, 1302
with

Fuze, PD, MBZ

¥ Gemeral =« - -« oo~ !
bt Deseription - =~ == ~c - 2 -4
1] Exterior tallistiz data . - 5. 8
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BECTIN I
GENERAL
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1. Purpose. The pirpose of this number of the handbock ts o furnish a conclse sellection <f infar-
mation regarding the snhape, dynamics, baillstics ard effecis Jf the & - Smoke {While Fhosphines) Shell
M30Z wun tre Point Detonating Fuze MB2. This information is ccllected {rom the draw .ngs, reperts, and

firing tabies pertzining tc this ammunition.
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FOR SHELL. SMOKE (WP), 60-MM. M302

SECTION I

DESCRIPTION

DrawingS = - « = « = = = = = = = =« v 2 @ 2 = o v o a =
Dimensions = = = = =~ = = = o o 0 v 2ot o v o o v o« -
Physical characteristics - ~ = = = = = = = a0 o 0 o o &

2, Drawings.

Shell: Metal parts assembly
Fins: Assembly and details
TFuze: Assembly
Details
Complete round: Assembly and marking diagram

3. Dimensions.

Fins: Number
Length
Length of assembly {outside)

Shell: Ogivo-conical boattail
Boattail to hourrelet
Bourrelet
Body
Adapter
Tota! length

Fuze: Length {cutside)

Length: Shell and fin assembly
Shell, fin assembly, and fuze

4. Physical characteristics.

Weight (standard)
Weight without safety wire and propeilant

BRLH 60.1.302
2-4

Paragraph

75-2-360
75-2.285
73-1-195

73-1-163,196 etc.
75-1-218

8
0.80 cal
02,91 cal

0.98 cal
1.09 cal
0.42 cal
2,49 cal
0.25 cal
2.74 cal

1.00 cal

3.65 cal
4,65 cal

3.88 1b
3.95 1b
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5.4 .
SECTION I
EXTERIOR BALLISTIC DATA
Paragraph
Aerodynamic data = ~ = = = = « v 2 6 ¢ e m e . v e e ... 5 "
Firingtabledata =~ « = = = = = = = e s 0 @t e e o e e amonoo=- 6
5. Aercdynamfc data. The following values of the drag coefficient were determined from the form
factor given in paragraph 6a. R
Muzzle Velocity Drag Coefficient -
Ips X L |
156 0886
244 .083
316 079
380 077
439 075 l
6. Firing table data. FT 80-F-1. i
Mortar, 60-mm, M2 and }19. Smooth bore, Muzzle loading. Projectile weight: 2 98 Ib. OCM items
26323 and 26708 recommended and approved standardization of the 60-mm WP Smoke Shell M302 with the
FD Fuze M82. ) o
2. Form factor snd beilistic coefficient. The following form factor and ballistic coefficient . .. utive =
to Projectile Type 1 apply to all elevations and muzzle velocities, '
il 0.905
o 0.788 4
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FOR SHELL, SMOKE (WP}, 60-MM, M302 BRLH 60.1.302
7

SECTION IV
EFFECT DATA

Paragraph
White Phosphorus = = = = = = = = ¢ - 6 & & 0 e f e e e e meme. 7
7. White Phosphorus. White Phosphorus (WP) is a pale yellow solid which burns to white smoke in
air. The smoke persists for 10 minutes and has the same odor as burning matches. The burning pieces
adhere to the skin and clothing; they should be washed with copper sulfate solution or immersed in water.
WP is used to screen advancing troops, to start fires, and to harass enemy observers,
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BRLH 75-1.41
i
Ballistic Research Laboratories BRallistic Research Lab,
Handbook of Bellistic and Aberdeen Proving Ground,
Engineering Data for Ammunition, Maryland,
No, 75-1~-41 7 March 1949

BALLISTIC AND ENGINEERING DATA

for
Shell, HE, 75-mm, M41Al
with
Fuzes, PD, M48A2, and TSQ, M54 )
' Section Pargraphs
1 General - -~ c - e -~ -- 1
u Descript' n ===« - === 2-4
m Interior ballistic data-~- 6-6
A2 Exterior ballistic data~ -~ 7-8
SECTION I
GENERAL
Pargraph
PUrpoSe= = = = v = = m = e @ m e et e e e et ese s s s 1

1. Purpose. The purpose of this number of the handbook isto furnish a concise collection of infor-
mation regarding the shape, dynamics and ballistics of the 75-mm High Explosive Shell M41A1 with the
Foint Detonating Fuze M48A2 and the Time and Super-quick Fuze M54, This informaticn is collected from
the drawings, reports and firing tables pertaining to this ammunition.
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FOR SHELL, HE 75-MM, M41AL BRLH 75.1-41
2-4

SECTION It
DESCRIPTION
Paragraph
DrawingS = = = = = = = = o c = @ @ 0 6 e s m e s - c e ... ... 2
DimensionS = « = = = = 2o = = = 0 0 @ e c e e e e e s e e, 3
Physical characteristics « - = = = = = = v e o 0 o 0 o 2 v v o e e m. - 4
2. Drawlngs.
Shell: Metzal parts assembly, marking diagram
and details 75-2-258
Booster ME2C: Assembly 73.2-112
Fuze, PD, M48A2: Assembly 73-2-140
Detalls 73-2-143, ete.
Fuze, TSQ, M54: Assembly 73-3-154
Details 73-3-158, 157, 158, 169, 160
3. Dimensions,
Boattail: Angle 7°30"
Length 0.488 cai
Band: Distance from boattadl | 0.273 cal
Distance from base 0.759 cal .
Width _ 0.183 cal
Cylindrical body: l.ength 1,712 cal
Ogive: Length 1.077 cal
Radius of arc 6.194 cal
Puze: Cutside length 1,256 cat
Langth: Shell 3,281 cal
Shell and Fuze . 4,547 2al
Oglve and Fuze 2,343 cal
4, Physical characteristics.
Mesn weight: Zone 1 13.8 b
Zone 2 (standard) 13.61b
Zone 3 14.21b
Axial moment of tnertia {estimated) C.1i8 1b. iiz
Transverse moment ¢f inertia {ast.) 1.09 b, &t
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SECTION Il
INTERIOR BALLISTIC DATA
Paragragh
SireSgesS~ = = = v c = s @ 2 o - v e ® e e ee .. - e <= 5
Theoretical ypaw In tore= = « = = ~ = c » 0 2 0 0 n = - - & L e

5. Stresses. The foliowing table and the graphical representation on page 4 show the longitudinal,

radia: und tangential stress at each of tLiree sections: (A) the rear corner of the band seat, {(B) the front
of the band seat, and {C) immediately behind the bourrelet,

Howitzer
Twist of rifling

Cross-sectional area ¢f bore
Rated maximum pressure
Total welght of projectile

Muzzle yalocity
Denslty of filler (TNT)

75-mm M1, M1Al, M2 and M3

1720

7.0043 2q in.
28,000 pst

13.80 1b

1,270 tps

0.057 1b per cu in.

Resulian Stress* Section

100 psi B C

Longitudinal ~ 180 - 480 - 422

Radial + 405 + 38 + 47

Tangential - 107 + 342 + 284

* + denotes tension, denotes compression,

§. Theoretical yaw io bore,

Minimum 12,6 min

Maximum 18.7 min
5

e,

-

a1

108
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SECTION IV
EXTERIOR BALLISTIC DATA
Paragraph
Aerodynamic data » = = « = 2 0 - v 2 4 n v e v e e e e e e e 7
Firing tabledata = « - « = = « =« - = LI I AR R A I 8

7. Aerodynsmic data. The trajectories for the 75-mm Howitzers were based on the Gz drag function,”
with ballistic coelficients determined from range firings (see par. 8b). The extrapolated values of the
ballistic coefficient at zerc elevation and the corresponding form factors and drag coefficients are tabulated
below.

Muzzle Bailigtic Form Drag
Velocity Coefiiclent  Factor Coefficient
ips 02 12 KD

105 1.964 81 057

820 1.888 .85 056

985 1.830 .87 059
1270 1,714 .23 .149

8. Tiring table data, FT 75-1-4.
Howitzer, 75-mm, M1Al, M2 and M3, Twist of rifling: 1/20. OCM items 15194 and 15278 recom-
mended and approved reclassifying the HE Shell M41A1 as substitute standard for the Howitzers.
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BRLM 75-1.48
]
Ballistic Research Laboratories . Ballistic Researzh Lab.
Bandbook of Ballistic and Aberdeen Proving Ground,
Engineering Dete for Ammunition, Marviend,
No, 75-1-48 10 March 1849

BALLISTIC AND ENGINEERING DATA
for
Shell, HE, 75-mm, }48,and M46E2
with
Fuzes, MT, M43; PD, M48A2, M51A4 and MS5T7;
‘T30, M54 and M55A3; CP, M78; and VT, M8741 and T73

Section Paragraphs
I General - -~ - - - reem=no 3
Ii Description = « - « = = = = = - 2-4
I Interior ballistic data - « - - - 5-8
v Exterior ballistic data -« - « - 7-10
v Effect data~ = = = « = « = = ~ = i1 - 14
SECTION I
GENERAL
Paragraph
Purpose~ » = v = = * o - - 4 mC b e e e e e e e e e e e e 1

1. Purpose. The purpose of this number of the handbook is to furanish 2 concise coilection of infsr-
maucn regarding the shape, dynamics, balitsti®s and effects of the 75-mm High Explosive Shell M48 with the
Mechani zal Time Fuze M43, the Polint Detonating Fuzes M48A2, M51A4 and M57, the Time and Super-guick
Fuzes M54 and M5DA3, the Concrete Plercing Fuze M78, and the Variable Time Fuse MB7A1. It alsc includes
some data regarding the experimenta. High Ex losive Sheli M48EZ and Vartable Time Puze T73. This infor-
mat.on (s coliected from the drawiags, reports, firing taoles, and technical manuals pertaining tc this amme-
tion.
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BALLISTIC AND ENGINEERING DATA

ALL DIMENSIONS iN CALIBERS
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DimensicnS =~ = = = = « = = = = = =« - -

Physical characteristics - - « - -

3. Drawings.
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Beooster M20: Assembly
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Details
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BRLEE 75148
36

BALLISTIC ANL3 ENGINEERING DATA

Fuze, C2, M78: COwiside length C.90 cal
. Radius of arc 2.71 cal
Shell and Fuze 4.69 cal
Cgive ane Fuze 2.08 cal
&, Phpsiesl characioristics,
Faze Menn Welgh: (v; RBase to Moments of y:ertia
Zone Center of (1b.ft")
1 2 3 Gravity “Axial Transverse
{Standaxg} {cal)
BT 14.40 14.70 15.00 2.043 0.12¢C 1.523
j2/0) 14.50 14,70 15.0C 2.037 0.125%9 1,495
T8Q 14,40 14.70 15.00
Ccp 15.12 15.42 18.72
VT 14.85 14,95 15.25
SECTION IT
INTERICR BALLISTIC DATA
Paragraph
StPOOBEY > = = = = =~ - e = m mm e - s st e e et a - 5
Trectetical yAw I bOTE « = = = = = = = & 0 e e e e e ek a s o 8

& Strases. The following table d the graphical representation on page 5 show the longitudina,
radisl and tangential stress at each of two sections; {A) the rear corner of the band seat and (B) the front

of the band seat.

Giun

Twigt of rifling
Crosgs-sectioml area of bore
Rated maximum pressure
Total weight of projectile
Fzzle velocity
Dengity of filler

Resgultant Stress?

100 psi

Longitudinal

Radial
Tangertial

75-mm, M1897AL
1/25.588

6.987 sq’a,
36,000 ps

1470 b

1,860  fps

.057 1lbpercuin.

Sectiog

B

e

- 410
-~ 43

+ 433

* + denoles tension, ~ denotes compression.

. Thekwiieal yaw in ove.

Miniznnm
Maximum

9 min
3 min

-

N’
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BRLH 75-1-48 BALUISTIC AND ENGINEERING DATA

BECTION IV
EXTERIOR BALLISTIC DATA

Paragraph
Aerodynumic datg - = = =« = = = = =~ oo R i
Firing table date: Howitzers - - = = = = « = = = = v 0 o o w0 v v o0 o 8
Firing teble data: Tank GUNS = = = « = = = = =« = = = o = v o -0 = o™ 9
Firing table data: Afrcraft Guos « = ~ = = = = = = « = =« o o v o - - - 10

7. Asrodynamic data.
a. Loss of spin. Ballistic Research Laboratory Memorandum Report No. 207, “Spin Imparted
by 75~-mm Gun T13E1", gives data obtained by means of a radic spin sonde from five tnert M48 Shell with
a dunmy fuze that hag the same contour as the PD Fuze M48A2, fired {from 75-mm Guns T13E1 with special
tubes that have a French form of rifling with a twist of 1/22. The average muzzle velocity was 2014 ips.
Below are average data for times of flight from 1 to 18 seconds:

Reynolds’ number, based on the tranglational
velocity and the caliber of the shell and the

Kinematic viscosity of the alr 2.30x10%
Axtal coupie coefficient, K A 0.00587
8kin friction drag coetficient, C "‘F 0.0017%

b, Mahilily. The "Report on Stability Piring with 75-mm T3 Shell Fitted with M33A2 PD and
T12 Mechanical Time Fuzes" (Ordnance Program 1882, Techaical Staff Test Program 1932-685) gives daw
on stability for the Shell M48 (T3) with the MT Fuze M43 (T12) at muzzle velocities of 905, 1113, 1479, and
2190 fps. The report cn "Stability and Damping ¢f 75-mm HE Shell M48* (Ballistic Research Laboratory
Memorandum Jeport No. 203) gives data on stability for the Shell M48 with the MT Fuze M43A3 and the
PD Fuze M48 at a muzzle velocity of about 1950 fps. The stability firings were done with the 75-mm Gun
M1820 MV Ne. 1, which was rifled with a twist of 1/25, and a modified Aircraft Gun M4 with a twist of 1/22,
The twist of rifling is 1/20 for the 75-mm Howitzers, 1/22 for the Atrcraft Guns M5A1 and M10, and 1/25.588
{corresponding to an angle of 7°) for the Tank Guns M3, M6 and M17 and the Antiaircraft Guns T€ and T22.
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7-8

d, Damping. The damping of the M48 Sheil was observed in connection with the stability firings at
1880 fps. The average values of the sum of the yawing moment damping factor { and the cross wind force
damping factor x are tabulated below,

Fuze f +« Probable Error
MT, M43A3  2.82 0.49
PD, M4§ 5.00 1.08
Both 3.76 0.77

8. Firing table data: Howitzers. FT 75-1-4 with C5.

Howitzers, 75~-mm, M1A1, M2 and M3, Twist of rifling: 1/20. OCh. items 15055 and 15132 rocom-
mended and approved standardization of the HE Shell M4#& for use in the Fleld Gun., OCM items 15194 and
15278 recommended and approved standardization of the HE Shell M48 for use in the Howitzer.
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BRLH 75-1-42 BALLISTIC AND ENCINEERING DATA
Y

Ey

8. Firlng table datx Tank Gung, FT 75-AY-1,

Guns, 75-mm, M3 (mourted in Medium Tank M4 and medification, including Assault Tank M4A3ES
K8 and M17 (mounted in Light Tank M24). Twist of rifling: 1/25.588.

OCM items 18840 and 16741 recommended and approved the use of the HE Shell M48 in the 75-mm
Tank Gun M2, which is now absolete.
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BRLH 75-1.48 BALLISTIC AND ENGINEERING DATA
6

] 10, Firing table data: Alrerait Guns, FT 754C-AW-1.

1 Guns, 75-mm, M5A1 and M10 (mourtsd in aireraft). MV: 1,950 fps. Twist of rifling: 1/22,

] Fuze: PD, M57., OCM items 20756 and 20881 recommended and approved the ase of the HE Shell M48 in
the 76~-mm Afrerait Gun M4, which is now cbsolele,

2. Aerodyaamic copstanis,

Form factoz, 1 {relative to drag function for

3 HE Shell M48 with PD Fuze M57) 1.00

i i Ballistic coefficient, C (relative to drag function

3 for HE Shell M48 with P Puze b57) 1,683

i Normal stability factor, s_ 1.857
Damping consiant, ¢' 0.000, 684, 1 1!
Dampig constant, c" 0.000, 025, 6 1t~
Wincage jump coefficient, b 24,931 moils, 1ps
Yaw-drag coeffictent, X, 18.4 rad-2

b. Tesjectory data. The firing tables apply to a gun flexibiy mounted {n elevation on an atrplane
ﬂying worizontally, -r mounted at s {ixed clevation on a diving airplane, and firing at a target on the grouod.
They list the following dails aad certain effects on them for true alr speeds of 250 and 350 mph;

Time of flight.
Horizontal-sngle tetween the gun and the line of sight.
Verticsl angle hetwean the gun and the line of sight.

ARFRTETAER N T, by o rey s A T
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FOR SHELL. HE 75-MM Mé BRLH 75-148
]

f
SECTIONV
EFFECT DATA

Paragraph }

Ricochetdatza = ~ « « = « « = = - R A L IR i1 L
Effectiveness = - = = = = = = = o v o e s o s e v oo oo e .- 12
Fregmentation = = = = = = = = = =2 - e o0 0 m o mw e oo 13
Penetration =~ = = = @ = = = = 22 e e e e e e s e e e 14

11. Ricochet dxta, The {r'lowing data on ricochet of 75-mm HE Shell #4868 with PD Fuzes M48A2 and
M51A4 were taken from volume I of "Terminal Ballistic Data", i
8, HOWITZER, 75-3M, MIAL, M2 and M3

' TABLE 73
TANK GUNS, 75-mm, M3, M6 and M17
i
Bange Angle of Angleof Impact Height PEin
Fall Recovery to Burst of Burst Helght
of Burst
7d mils miis yd f 7

Charge 1 R
MV 700 ips 1,650 108 155 28 i2 2 P
HE 242 265 17 14 3 -

3,00 415 315 7 7 2

Charge 2

MV 810 {ps 1,000 82 120 32 12 pA

2,600 173 220 24 i& k.
3,000 285 285 is 14 3 ¢

Charge 3

MV 950 fps 1,000 53 80 46 il 2

2,000 127 175 33 21 4

3,000 208 243 25 i8 4

4,000 305 295 17 1 4
5,000 425 215 8 8 3 §

~Charge 4

MV 1,250 fos 1,000 a8 6C 51 i 2

2,000 26 125 42 i5 3

3,006 142 180 35 20 4

4,000 208 45 28 ‘i 4
5,000 278 285 23 18 4 g
8,000 363 810 14 14 4 :
g

36
$
= soimem. zie s B ¥ -
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My 7514 BALLSTIC AND ENGCINEERING DATA
1.2 .
a
b, TANZ GUNS, 75-MM, M3, 36 and M17
TABLE 74
TANK GUNS, 75-14M, M3, ¥8 and M17
] PE I
fange Angle of Anglecf Impact Height Helght _
Fall Recovery to Burst cf Burst of Burst 2
vd mils miis ya i3 i3
Reduced Charge
MY 930 {ps 1,000 59 8¢ 40 11 2
2,00¢ 126 170 33 17 3
3,006 208 245 25 18 4
4,000 301 285 17 18 4 &
Normal Charge -
MV 1,500 fps 1,000 28 45 82 8 2
2,000 83 100 50 15 3
3,000 1S 160 41 18 4
4.0 174 220 33 22 5
5,600 240 285 28 21 5
8,000 313 30 19 17 4 .
7,000 394 315 12 12 4
Super Charge
2V 1,950 fps 1,000 13 25 28 2 Q
2,500 38 & 23 4 i
3,600 7C 3% 19 8 i
4,000 11p 160 14 7 1 }
5,000 171 215 12 8 2 2
8,000 234 280 g 7 2
7,000 303 285 7 g 2
8,600 378 315 5 4 1
312, R¥Neciivesess. The following data on effectiveness of HE Shell M48 with PD Fuze M4 were taken 9
from volume T of *Terminal Ballistic Data”.
2. KUMBER OF BOUNDS REQUIEED AGAIMST ENEMY ARTILLERY
FOR 50% EFPFECT FOR 10,060 3Q YD IN AREA ¥IB2
HOWTTZER, 75-mra, MI1AL, M2 and M3,
Chargs 4; MV 1280 fps 5
Hange Tiepe ¢l Fire 7
¥ impanct Time Time and Impact
2,000 210 230 170
5,00 880 T80 500
8
€
40




B = = = = i
‘;
FOR SHELL, HE 75.MM. M43 - BRLH 7)-148
. i2-13
b. KUMBZR OF A0UNDE ABQUIRED ACAINST ENEMY ARTILLERY FOR

80% PROBAKILITY OF AT LEAST ONE EYFECTIVE EIT IN AIMED FIRE
{1) Bowitzsr, T5-mm, M1Al, M2 and M3

Charge 4: MV 1250 fps

rR‘ane Type of Fire
yd {mpact Time Tie ang Impact
2,000 24 340 43 !
5000 _ | 460 1400 560 !
{2} Tank Gun, 75-mam, MS, M6 and M17,
Supsrcharge: MV 1050 s
Range | T%i% of Five
vd Impact Time Time and Impsact
2,000 7 340 15
5,000 120 793 180

13. Fragmentation,

2. Band pit test, The sand pit 2nd panel tests of BE Shell M46 with PD Fuze M38 were reported
in Ba.istic Research Laboratory Report No. 128, "Fragmeatation of the 75-mm HE Sheil T3 as determined by
penel and pit fragmentaticn tests”". The welght of th: PL Puze 339 is 2,35 ;b and its contour is slightly d¥¢-

{erent from thst of the PD I"uze MI8A2.

{3} Four prcjectiies were plazed in boxes and detonated in tne sand pit. The fragmen s -ere they

separated fromr . sand with a and screen made of 0.03-inch wire with 4 ;moshes per inch, Finally, they

were grouped aszording 1o s1ze by beiny sifted thru four screens with the {oucwing average dimensions:

Serezn Meshes Diam of Size of Opening

No. per wire, Side, Ares,
inch inch etets] Sqin.

1 H .18 B84 B

2 Z J4 .38 .12

3 3 .30 .23 055

4 3 .08 .17 023

{2, The averzge weight of the shell arnd fuze, withou: the TNT,

shows the averzge.number and welght of &

sy
b

o {ragmen's tn €a¢h group:

-

w25 13.20 ib, The folwwin
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BRLH 75.1.40 BALLISTIC AND ENGINEERING DATA

i3
Pragments caught by No. of % of total " welght of % of empty Shell
{clicwing screens: ¥rag- No. of Frsgments and Fuze
{Avg ¢f 4 rounds) mentz Fragmeats b
Sereen No, 1 8 0.8 : 2,043 15.4
Screen No. 2 212 34.9 8.449 63.6
Screen No. 3 288 329 1,713 12.9
Screen No, 4 ~ 342 18,2 £.384 2.7
Thru Screen N¢, 4 04 13.4 0,136 1.0
VEE] 160.0 12788 8.8
b, Panel test,

{1} Pour panels were mede of spruce boards with a zominal thickness of 1 inch, Pane. A was
semicircular, with a radivs of 15 feet, and @ feet high: it was placed ca the left xide of the lins ! {ire, and
she shell was detonated at the canter of the are, 2bot midway between e top and tuttom 5 the anel, For
the zame rounds, panel B was placed on the right side of the line of fire, with the szme center: it was
semicircular, with 2 radivs of 36 feet, and 9 fest high., Parnel C was semicircular, with a radius ¢f 7€ fest,
apd 12 feet high: it was Jocated ilke panel A, but on ¢iferent rounds. Panel D exiended for about 45° at =z
radins of 190 feet, and was 12 feet high: it was placed opposite ranel 2, in such 2 position a5 (o inciude the
sidespray at remaining velocities up to 1100 fps. The data given below were bbtained {rom § rounds firea
statleally in a horizeonial position, § rounds with 8 remalnieg velselty of 70C {ps when burst, and § rounts »uh
a remaining velozsity of 1085 fps, with eack pair of panels,

{2) BRL Repoxt 12§ cefines cortaln terms os follows; A Derforsing fragment .5 one thst travels
completely thru the panel. A penetrsting fragreent is cne that goes at isast /18 inch (gfo the ganc.
a0t go all the way thru, A unit solid angle is 1/100 of tha solid angle subi~nded by a unit of spherical suriace
at Gnit radius. Polar argles are mezasured with respect to & horizontal cocrdirate syster wilu s organ

at the center of the pauels, at an slevation midway between the top and bottom of the p=neis. s assumed
that the cenler of gravity of the projectile coincldes with the origin of coondlaztes, inat the axis

=

8
3]
5
4]
"

iz horizontzl, and that the polar exis iles along the axtersion of the shell axis In tne Jirectisn of tng pose.

i

(3) Thre yesuits of the panel test are shown by ne following Zagmentation gensity - poiar angle

Curvas.

p—_—
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¢. Casusitiea, All the follcwing data on fragmentation of HE Shell M48 with PD and TSQ Fuzes wers
taken {rom volume (il of Terminal Ballistic Data™ and TM 8-1807, “Ballistic Data, Performance 6f Aminu-

nition", The 1nitial fragment velocity of this shell ig 3,120 fps.

Distance
{rom burst
(%)

r
2
30
40
€0
8
100
150
200
300
400

TABLE 38
CASUALTIES
Average
Total nueber - pumber of
of stfective effective frag-
fragments ments par 8q £t
N B
1076 0.213
820 0.0808
750 0.0375
840 0.0141
510 0.0084
450 0.00386
370 0.0013
320 0,0008
2560 0.0002
200 0.0001
48

For the lightest
effective fragment

Welgnt
(0z)

m
0.014
5,018
0.024
0.037
0.051
0.063
0,620
0,118
0.173
0.244

Veloelty -

(fps) L
v
2080
1820
1570
1270
1080
e72
813
716
587
494
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BRIH 75145 BALLISTIC AND ENGINEERING DATA

CASUALTIES
TANK BUNS

INCLINATION O*
REIGHT OF BURST O FT
REMAINING VELOCITY O FPS

w4 “ﬁg

s 30°

WWWHWWWWMW”W g

LINE OF o
= s.»i — |-80°
V| /
O
0°
\__a’ 4 4

TRPMATLEASTINT  iNCLINATION 30°
SUREZ PEROSAFT i iGHT OF BURST O FT
e REMAINING VELOCITY 800 FPS

52

k
j
‘Mm

S b i R S S M i e ol L



1
FOR SHELL HE. 75-MM. Mé2 BRLH 75.1.48
15
;
CASUALTIES
TANK GUNS
g
8 T_
/ T RS
B .
of 2 h \ L
% 901 . “:ﬂ;:z ) so*
: \ :
543
‘;,.%h
104 BT -60* - .
) 1

4t
\
q

g}‘&

o
INCLINATION 30°¢ .
HEIGHT OF BURST 30°FT e
REMANING VELOCITY 800 FPS
iL
4
LME OF
i .
) q
AN AT LEAST | 4T
MR PER 4 2QFT

MMy AT LEASTINT  WCLINATION 30¢
il FERIOSAFT  Lieig T OF BURST 60 FT

3 Toong BT LEASTIRG 3 L
_ ] reR 8 5¢ FT REMAINING VELOCITY BCO FPS




BRLH 75143

i3

d. Psrforation oi 1/8~tnch alild Steel.

Distance Total number

from burst
(%
r
20
%0
40
80
80
i20
130
165
190
225

TABLE 3%

PERFORATIOH OF 1/8 IN. MILD 3TEEL

of sffective
fragments

SEERE=

197

. L
898

Average
number of
effocttve frag-
ments par sg ft

B
0.108
0.03%1
0.0152
0.0766
0.0030
0.0016
C.0C08
0.0003
0.0061
0.0001

BALLISTIC AND ENGINEERING DATA

Por the lightest
eHzctive fragment
Welght Velocity

{oz) {fps}
m v
9.042 2380
0.085 2180
©.082 2010
0.127 1790
0.185 1589
0.253 1439
%.275 1270
£.502 1160
0.655 1080
0.320 1020
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SRUH 75.142

FOR SHELL. HE 75.MM M4
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PERFORATIONS OF 1/8~IN.MILD STEEL.
TARK GUNS

memwu A Ll

INGLINATION O*

HEIGMY GF PURST O FT )
REMAINING VELOGITY O FPS
s Q’_\ - %
._. ) ,_,._..\
ot <
| / <, %
~%" B \
GF [ I | r;"'r,‘."' \ L
F ~ e W‘[\ \ WYy U
‘ y /
0* 3P

INCLINATION 30°
HEIGHT OF BURST O FY
REMAINING VELOGITY 803 FPS




PERFORATION OF I/8IN.MILD STEEL

TANK GUNS

&

INCL INATION 30°
3 MEICHT OF BURST 30FT
E REMAINING VELOCITY 800 FPS

T AT LEAST LHIT
e PER D SQFT

oA AT LEASTIHIT
i FERZB SQFY
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WLH 75-181

Ballistic Research Laboratories Ballistic Resezrch Lab.
Handbook of Ballistic and Aberdeen Proving Ground,
Engineering Data for Ammunition, Maryland,

No. 76-1-61 9 3farch 1948

BALLISTIC AND ENGINEERING DATA

for
Projectile, APC, T5-mum, MG1A1
with
Fuze, BD, M66A1
Section Paragraph
1 General ~~~ == --ee-- 1
ji Description ~ v = v = v = = = - 2-4
jaid Interior ballistic data - -~ - « -
v Exterior ballisticdata «~ « ~ - 86-7
v Effectdatas m w v~ = = = = = = g
SECTION 1 .
GENERAL .
Pxragrath
PDUrPOSE = » = o = = = @ = = = = = = o e e e e e e e e M e e "4
i, Purpose. The purpose of this number of the handbook is to furnisk & concize . 17 v of indor~

mation regarding the shape, dynamics, ballistics and effects of the 75-mm Armor-pler. _ _apped Projectile
M81A) with the Base Detonating Fuze M86A1, which contains = tracer composition. Ttris indormation is
ccllected from the drawings, reports, firing tables, aud technical manuais pertaining w this amemnition,
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FOR PROJECTILE. APC, 75-MM, MAIAI m; i}-l—f)l

) \ ..
« Y ,
w!

BECTION 11
DESCTDTICRY '
DrawingS ~ = =« = c ¢ € = c o e v e - e et et et e e 2 ;
Dimensions = « = = v w = v ~ o 6 e b L h e h hm e e e - - - pi]
Physical characteristics - -~ = - - - e ettt et e c e e st e e 5
2. Drawings.
b Projectile: Metal parts assembly and details 76-2-281 -
Fuze: Assembly 73-2-178 L
Retails 73-2-176 and 180
3. Dimensions.
] Fuze: Length (outside) 0.43 cal
: Band: Distance from base , 0.25 ezl -
Width 0.1f 1 »
Body: Cylindrical length 1,98 o2l
Cgival length {outside) 0.15 cal
Radiug of ogival arc 1,28 cal
b Cap: Length {outside) 0.41 cal
E Baadlus of ogival arc 7.11 ¢cal 3
' Windshield: Length 1.85 cal B
Radius of ogival ¢ r¢ 7.11 cal
Length: Oglive 2.52 cal
Projectile withou! fuze 4.48 cal
Projectile and “uze 4.90 cal
4, Physical characteristica, . ’
Weight (standard) 14.90 1b
Base of projectile to center of gravity 1.428 cal*z .
Axial moment of inertla 15.80 lb.i_nz R
Transverse moment of inertis 106.7 ib.in
E * Estimated from the values {cr the 3-inch APC Projectile M82. ]
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BRLH 75.1-61 BALLISTIC AND ENCINEERING DATA
5.6
SECTION I
INTERICR BALLISTIC DATA
Paragraph
Theoretical yaw InboFe = « = = = v o = o 0 =m0 0 0w v b0 s e 5
5. Theoreticsl yaw in bors.
Micimom 11 min
Maximum 16 min
SECTION Iv
EXTEZRIOR BALLISTIC DATA
rach
Aerodynamie data « = = = = = 2 o - 4 e c b e e ettt e s s - 6
Firing labledata - - = = « = « = = - = v = o o - - o e m e m e~ 7

6. Asrodymmic dita.

a. Drag. A form fzcior of 0.985 relative to the GB drag function was determined by resistance
firings at velocities of 1643 and 2007 Ips. The cerresposding ballistic coefficient is 1.735, At a velecity of

2030 fps, the drag coefficient is 0,146,

B. Stability. The moment coefficient, estimated from known data for the 3-inch APC Projectile

oo, 16 1.346 at & musz2le veleelty of 2030 fps. The estimated stability fector is 2.€8 for a twist of rifling of

1/25,588 {in Task Guns %01, M8 and M17) and 3.60 for a twist of rifling of 1/22 (in Atrcraft Guns M5A1 and

M10).

S—

!

¢. Yswing moment coeificient. The yawipg moment coefficient {s 4.2. This value was calculated
by an empirical formnle determined by the values given in Table XIV of Bsallistic Research Laboratery Report
No. 357, "Damplng of Calibers .30 and .§C Bullets and 37-mm HE Shell”,

d. Croes wind force coefficient. The cross wind force coefficient 13 0.256, This is the value
caiculated for the 3-inch 15-1b HE Shell M1815, usirg the drift for a range of 8005 yerds in PT 3-M-Z and the
velocities taken from the computed trajectory for an elevaticen of 10° and a muzzls velocity of 2800 fps.

The 3-inch Shell M1915 and the 75-mm Profectile M6] A2 are approximstely the same shape,

'a
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FOR PROJECTILE, APC, 75-MM. MSIAI BRLH 75.1.61
6.7

e. Magwmus moment coellicient. The Magmie moment coeificient, calculated by an empirical
formula that applies o a large humber of projectiles, Is - 0.30,

7. Firing tsble data, FT 75-AY-1,

Guns, 75-mm, M3 (mounted in Medium Tank M4 and modifications, including the Assauit Tank
M4AZE2) M6 and M17 {mouated in Light Tank M24), Twist of rifiing: 1/25.588. MV: 2030 fps. OCM items
16116 and 181€7 recommended and approved standardization of the AP Projectile M81. OCH items 16640
and 16741 recommended and approved authorization for its vse in the 75-mm Tank Gun M2, which is now
obsolete, OCM item 17689 changed its designation from Armor-plercing {0 Armor-piercing Capped Projectile.

NOTE: OCM tems 20758 and 20991 recommended and approved authorization for the use of the APC
Projectile 3461 iz the 75~mm Alrcraft Gun M4, which is rifled with 2 twist of 1/26.558 srd {5 now obsolete,
and FT 75AC-AX-2 glves firing table dala for this materiel. The ARC Projectile MB1A1l is now standord
ammunition for the 75-mm Alrcraft Guns M5A1 and M10, which sre rified with a twist of 1/22, tut no firing
tables have been prepared for this combinatios of guns and ammunitioa,
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BRLH 75-1-61 BALLISTIC AND EMNCINEERING DATA
g
SECTION V
BEFFECT DATA
Paragraph
Penmetration- = = = = = = v v o c @ 0 = =~ 4 s m e e 8
8. Penetration.
a. Ballistic limits,
Dlate Ballistic Number
Type Thickness Obliquity Limit in
inches deg Type ips Average
Face 3 0 Navy 1658 4]
Hardened 3 30 3807 3
3.5 0 1834 2
A 20 Army 1487 -
2 30 1699 1
3.125 4] 1734 8
3.082% N 1738 28
Homo- 2.5 20 Army 1744 1
geneous 3 < 1694 i
3 ¢ Navy 1787 8
3 2 1925 26
10
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FOR PROJECTILE. APC. 75-MM, M61AY - BRLH 75-151

b. Vulnerability of German tanks. The following data ca vulnerability of Germar tanks (Panzer-
kampfwagen) to APC Projectile M81A}, fired from Tank Guns M3, M8 and M17 at 2 muzzle velocity of 2030
fps, were taken from TM 9-1807, "Ballistic Data, Performance of Ammunition”,

MAXIMUM VULNERABLE RANGE - YARDS

Tank m v V]

Attack l Angle o° 25° 0° 25° o’ 25°

Fronial 1

Turret Sides 3860 4700 38680 4700 1000  ~---

Turret Front 280 1120 2500 1280 me——— me——

Upper Hull Front 1400 <w-- 1470  =we- ———— e

Lower Hull Front 720  ~cee 1200 cvee ———— mma-

Flank ;

Turret Rear 5000 4500 4700 3760 1000 e :

Turret Sides 3880 4700 3880 4700 ] 1000 -~

Turret Front 2250 1120 2500 1280 N

Upper RKull Sides 5000+ 4980 5000+ 4960 1000  wwe-

Lower Hull Sides 5000+ 4960 5000+ 4960 2200 1200

fear

Turret Rear 5000 4500 4700 3780 1000 «me-

Turret Sides 3880 4700 3880 4700 1000 ee--

‘Turret Front 2250 1120 2500 1282 —— —em—

Upper Bull Rear 2110 1040 5000+ 4960 300 -e--

Lower Hull Rear 2500 1280 5000+ 4060 300  -w--
é
3
3

11

Loy
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FOR PROJECTILE. APC. 75-MM, M6iAY

b. Vulnerability of German tanks. The following data on vulnerability of Germar {(enks (Panzer-
kampfwagen) to APC Projectile M61AL, fired from Tank Guns M3, M6 and M17 at a muzzle velocity of 2030
fps, were taken from TM 9-1607, "Ballistic Data, Performance of Ammunition",

MAXIMUM VULNERABLE RANGE - YARDS

-4
BRLH 75-1.61

Tank j1sd v Vi
Attack rAngle 0° 25° 0° 25° 0° 25°
Fronial

Turret Sides 3860 4700 3860 4700 1000  ~ve-
Turret Front 50 1120 2500 1280 ———— mee-
Upper Hull Front 1400  -w-e 1470 === R
Lower Hull Front 72 ~e-- 1200 -v-- B
Flank

Turret Rear 5000 4500 4700 3760 1000 -e--
Turret Sides 3880 4700 3880 4700 1000 ~~--
Turret Front 2250 1120 2500 1280 cve=  =one
Upper Kull Sides 5000+ 4980 5000+ 4960 1000 «oes
Lower Hull Sides 500C+ 4960 5000+ 4960 2200 1200
Bear

Turret Rear 5000 4500 4700 3780 100 -e-e-
Turret Sides 3860 4700 3860 4700 1000  ~e--
‘Turret Front 2280 1120 2500 1280 ——— mem-
Upper Eull Rear 2110 1040 5000+ 4980 300 ee--
Lower Hull Rear 2500 1280 5000+ 4660 300 ~w--

11
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BALLISTIC AND ENGINEERING DATA
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NAVY CRITERION

HOMOGENEOUS ARMOR PLATE
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FOR PROJECTILE, APC, 75-MM, M6lAL
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Ballistic Rasearch Laboratories
Handbook of Ballistic and
Engineering Data for Ammunition,

No. 75-1-66

Section
1
ji
I
v
v

BRLH 75.1.66

Rallistic Research Lab,

Aberdeen Proving Ground,
* Maryland,

9 March 1649

BALLISTIC AND ENGINEERING DATA

for

Shell, HEAT, 75-mm, MG8
with

Fuzes, BD, M62A1 and Mo1

Paggzagh

General - « = « - -~ “eowo 1
Descriptioh - « ~ « <« = = = - - 2.4
Interior ballistic data- - - - 5-8
Exterior ballistic data - -~=- 7 - 8
Effect data. = = = = = = » v = = g

SECTION I

GENERAL

Paragraph

1. Purpose. The purpose of this number of the handbook is to furnish a2 concise collection of infor«
maticn regarding the shape, dynamics, ballistics and effects of the 75-mm High Explosive Antitank Shell
M66 with the Base Detonating Fuzes MG62A1 and M81. This information is collecied from the drawings,

reports, and firing tables pertaining to this ammunition,

[
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Drawings ~ ~ - «
Dimenslons
Physical characteristics

FOR SHELL, HEAT, 75.MM. M6

2. Drawings,

Shell: Metal parts, assembly and detalls
Ogive assermbly, cone and details

Fuze, BD, ME&2A1: Assembly
Details

Fuze, BD, M91: Assembly
Details
3. Dimensions.
Fuze, BD, M81: Length (outside)
Bosatiail: Angle
Length

Band: Distance from boattail
Distance from base
Width

Body: length of cyiindrical part
Length of cgival part
Radius of arc

Union: Length

Cgive: Length
Angle

Length: Body
Ogive and union
Shell

Cglve, union, and ogival part of body

Sheli and Fuze MB1

MNote: Fuze, BD, MB2A1 i3 entirely inside of shell body.

- m e m o m wm m e ow e oW~ m s ow ow ow

73-2-169, 170 and 240

(L

L L ey S RV . T T

- w e e # e ® e oEmm oA ™ ® e w m o T s o o e & o=

BRLH 75.1.86
2.3
SECTION 11
DESCRIPTION
Paragraph

2

.......... .- 5

4
75-2-314
76-2-315
73-2-168
73-2-169, 170 and 171

73-2-239 T

0.26 cal

00"
0.48 cal

0.27 w}
0.73 cal
C.16 cal

2,11 cal
0.51 eal
7.45 cal

0.17 cd

1.77 cal
22°20!

3.10 cal
1.94 cal
5.04 cal
2.45 cal
5.32 cal




BRLH 75-1.66
4.8

4. Physical characteristics.

Fize

Waight {standard)

Base to center of gravity
Axial moment of {nertia
Transverse morent of {nertia

SECTICN X

BALUSTIC AND ENGINEERING DATA

INTERIOR BALLISTIC DATA

SreSSeS = = = = « = = = @ = & = =~ = = o = = w = =~ ~
Theoretical yaw inbore = » = ~ v = = 0 = = v o = = = -

BD MB2A1 BD M@i
13.17 Ib 13.37 b
1.85€ cal 5
18,75 louin,
157.3 ib.in”
Paragraph
------- 5
------- 6

5. Stresses. The foilowing table and the graphical representaticn on page 5 show the longitudinal,
radial znd tangential stress at each of three sections: (A) the rear corner of the band seat, (B) the frent

of the band seat, arnd (C) immediately behind the bourrelet.
Bowitzer, 75-mm

MI1Al, M2, M3

Twist of rifling 1/20
Cross-sectional ares of bora 7.004 sq in.
Rated maximum pressure 28,009 pst
Total weight of projectile 13.37 1b
Muzzle velecity 1000 fps
Density of filler (pentolite) 0.0574 1b per cu in.

Resultant Siress* Section

10¢ pst A B C

Longitudinal -162 - 358 -210

Radial +34¢ - 3 + 5

Tangential - 843  + 292 + 171

+ denotes tension, - denctes compression.

8. Theoretical yzw in bore.

Minimum 9 min
Maximum i3 min

T

i®
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BRLM 75.1.66 BALLISTIC AND ENCINEZRING DATA

7-
SECTION IV
EXTERIOR BALLIBTIC DATA
Parsa agt Eph
Acerodynamicdata - - v = ¢ = = - =~ 2 = = a s e o oe - w v 7
Firfrg tabledata ~ ~ = « = =~ = < =« = = = = I BN R R R 8

7. Asrodynamic data.
a. Drag. The form {actor relative to Projectile Type 2, determined by resistance firings, and the
corrasponding ballistic coefficient and dreg coefficient 2re givern below,

Velocity Form Ballistic Drag

fpe Factor Coeffictent  Coafficient
778 5 2.01 050

1060 .88 1.8, 070

b. Stability. The stability {actor was determined {rom firings n 2 75-mm Gun with a twist of
rifiirg of 1/25.588 at a muzzle velocity of 100G fps. The resulling stability factor 15 1.22, and the moment
coeffizient i3 2,26, With o twist of rifling 52 1/20 {in 'he Howitzers MI1AL, M2 and M3} at the same velzslly,
the stability factor would be 2.00.

8. Firing table dats. FT 75-1-4,

Howitzers, 75-mm, M1A1, M2 ané 43, Twist of rifling: 1/20. Mfuzzie velocity: 10CC fos. Projecine
weight: 13.101b. OCM ltems 17838 angd 17752 recemmended and avproved standardizaticn of ine HEAT Jne.l
M66.

"

The terminal veiccity was taken from Ballistic Research Laboretory Memsrandum kewcr: YNe, 86,
*Tables of Impact Velocitiss for Moblle Artilisry Weapons®,

h
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BRLY ;’5-2-&6 BALLISTIC AND ENGINEERING DATA

SECTION V
EFFECT DATA

Penetratiohe - = « o =« 0 0 w0 m v e e st e e e 9

9. Penetration. The average penetration of homogeneous armor piate by 75~-mm HEAT Shell M8&6
is 3 inches.
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Ballisiic Rasearch Laboratories
Handbook of Ballistic and
Engineering Data for Ammunition,
No. 75-1-308
BALLISTIC AND ENGINEERING DATA
{for
Shell, HE, 75-mm, M309
with
Fuze, PD, M45A2 or M51A4

Section Paragraph
1 General « = =« - ==~ - - -
1) Description m« = e v v e v e = - 2-
m Interior ballistic datae = = ~ - -
104 Exterior ballisticdata ~ - ~ « = 6 -
\Y Fffect datae ~ v m e e v c = e w
SECTION I
GENERAL

BRLH 75-1-309
'

Ballistic Research Lab.
Aberdeen Proving Ground,
Maryland.

8 March 1949

1. Purpose. The purpose of this number of the handbook is to furnish a concise zollection of infor-

mation regarding the shape, dynamics, ballistics and effects of the 75-mm High Explosive Shell M308 with
the Puint Tetonating Fuze M4BA2 or M51A4. This information is collected from the drawings, reports, and

firing tables pertaining to this ammunition.
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FOR SHELL, HE, 75-MM, M309 BRILH 75-1.309
— 2.4
SECTION I
DESCRIPTION
Paragraph
Drawings = = = « = = = = = = ¢ = = 6 o % . e - - s -t a ... 2
Dimensiong « = «~ = = = = = ¢ o 0 e e e h o b et mm ... 3
Physical characteristics « = = = = = = = = v 0 - o 0 v 0 0w e me -~ 4
2. Drawings.
Shell: Metal parts assembly and detalls 75-2-385 - 4
Bocster M21A4: Assembly 73-2-154
Fuze M48A2: Assambly 73-2-140
: Details 73-2-143 etc.
4 Fuze M51A4: Assembly 73-2~145
Details 73-2-143 etc.
3. Dimensions, .J
Boattail: Angle 9°00° ;
Length 0.325 cal
Band: Distance from boattail 0.43 cal
Distance from base Q7175 qal
Width 0.115 cal
Cylindrical body: Length 2.27 eal
Ugive: Length 1.19 cal
Radius of arc 1.45 cal
- Fuze: Length {cutside) . 1.265 cal .
E Length: Shell 3.785 cal l:
; Shell and fuze 5.05 cal .
Ogive and fuze 2.455 cal
4. Physical characteristics., The HE Shell M308 is a modification of the HE Shell M48.
] Mean weight: Zone 1 14.101b ;
i Zone 2 (standard) 14.4G b &
3 Zone 3 14.70 i ™
-%
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;
3
{
;
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BRLH 75.1-309 BALLISTIC AND ENGINEERING DATA
5-7

SECTION I

INTERIOR BALLISTIC DATA

Paragraph
Theoretical yaw Inbore ~ = = = = = = v =« = - o o 0w v o0 o0 oo - - 5
5. Theoretical yaw in bore,
Mintmum 5.4 min
Maximum 10.2 min
SECTION IV
EXTERIOR BALLISTIC DATA
Parggraph
Aerodynamic Vali = « = = = = = = = = v & 0 - - e b vt et el e - @
Firing table data- =« =« « = =« = = = = - - - R e 7

6. Asxrodynemic data.

Drag function G2
Form factor {{rom time of flight) 1.08
Ballistic coefficient 1.53
Muzzle velocity 1C00 {ps
Drag coefiicient, KD 0.077

7. Firing table data. FT 75-BB-1.

Rifle, 76~mm, M20 {Recoilless]. Twist of rifling: 1/22. projectile weight: 14.40 1b. Mu: .le
velceity: 990 fps. OCM items 27607 and 28547 recemmen.ed and aporoved standardization of the 75-mm
Rifle M20 and the HE Shell M20¢ with the PD Fuze MS1A4. The firing tables are also applicatie tu the HE
Shell M30% with the PD Fuze M48 and modifications of it,

- M XL R |

_

I

SN L JONTORUSININ . | R

1. R, SOOI,

i

-




FOR SHELL. HE. 75.MM M309

It R

TR

Ak Al

L

R L

kL

% Rt A A &

v r 2 T T T , T TTTTITTT
m A o e m Y.T. g «n o 4~ !.,-ﬁ * uxﬂr aA w;* : X '3 ¢4
.:..T..w,.: e e fgn eopet At - LY BB - - .ﬁ, IS REARRES und g ‘1t ﬁ‘H,ﬂ.
R S R - - el 3 o i i * RS DS
L b Ty v - o ge -3k b w...l.J. .+ t ¥ o s
— . d i fond iy P 44 .+ e Y I
. I M < t “ + pots et P4 .0 N 2 . t §—e -+ e MWH ',A.u‘ ,.*va IO S ’ - -
- N TR s R D g M [Ruu A nu Rl 5o nx 5 SRl POSE RS
A S e e S e W 1A . SRR RS s
" + : Y A m H T W - NI VR R P EraERESIRRER
- 1 .y & i 1o "y by et fed
- . - | -f - . t 147 |.”% *y”‘ 5 et -
- m % + - 1 1 3 ,* T v
t + 1 3
- & of i TR m A N S T LS T T L T T
& T % CoEF R
" ; ui 1 § [T N b 1A BRI 10 6 1y I A AT
- an f W i IRPEEASEEPEN
ﬂ i O R N 1 0.,“' - T
- ) - 1 H : S U L
-3 & = O W i A et R R
- O {4 i o + 1 AR e -t t J...L.l
- M L e e ek ¢ t t N T
iN N n.; -u“;-llﬂ ;“w.ﬂocﬂL.JTM T
) f o Iv o - IR I ] Lol
3= o £ TEEE e N e e e
o A E m R e 8 =g b ..?&1_.. ey aeme Rw g gt .lml 1.%.%. 1 7 M “
- 3 a8 N
34 Al deiede bt . ytt .
J - P T S 4 i oty def o f o : -
- ﬁ JI'Y - L3 N Q_ ¥ F ‘w t mwj
g g - defeemt sl rj
- Z o PR e e et giEasasad s
- . . 1 b o.l” lxl” . m ”uxh...ltf, w u. w + E 3
- e + . Tt 1~ J o
= m ; 7 m%,m : s -~ e it -l G H
n A ! — 1
- g & F o | 1 e = : ]
N -t . O e : 1
- W f W o T v T -
” !5\." m bt o o - E bl Gl o § et e 4
35 : e ]
- & ; S e D ,, ak
- . - ot - - I SF .
- F 4 m S S - ,‘ s o g
- a_ - x“.. - m JW;. W..uosu W; - M 1]
- e TS PR NN S ANOYNN DA FOSNRARS SO S i .
T R B ans s m ] b s m
-+ - - - A..‘.4 .‘JANH S o \ J__ e
: - e SO It oD B T4 ke be. R SOOI
] m - L.h«mrf? . L ?w- .* “ a/n '
~+ - o -Tw. um 4 —fen ! i H 4 -
lJv 1T ) 4 3 P b i
] i S s S ananak PR
g b N 4 g D - gornd S -+ of . :
ot ; -4 e P iy Ry ot . \ i
h 3 & T . v“y . ;Aiy. - + * ,.Hs c } -+ -
wjl:s g gt 4o fofeg - e 1141 - Ly 1& + +

.15

102

b ,,EEE oo N

400 6C0 800 100G 1200

200




AT

Gk o

A A T s a4 Laid

BRLH 75-1.309
7

BALZISTIC AND ENGINEERING DATA

3

CELEVATION ~ RANGE AND ANGLE OF FALL— RANGE
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; SECTION V
i
F
EFFECT DATA
E ragraph :
s Fragmentation = « = =~ = « = o - o m e m e f e h e e s e m e 8 Q
8. Fragmentation, The fragmentation of the ¥ Shell M309 shovld be approximately the same as
that of the HE Shell M48, of which it is 2 modification. For data on fragmentation of the M48 Shell, see '
BRL3 75-1-48.
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Ballisic Research Laberatories
Handbook of Bailistic and
Engineering Data for Ammuniiion,
No, 75-1-310

Section

<« 2 H 5

1. Purpose. The purpose of this numoér of the handbook !s to furnish a concise collection of infor-
mation regarding the shape, dynamics, ballistics and effects of the Th-mm High Explosive Antitank Shell
M310 with the Base letonating Fuze MB2A1 or MS1. This information 15 collected irom the drawings, re-

BALLISTIC AND ENGINEERING DATA

for

Shell, HEAT, 75-mm, M31C
with

Fuze, BD, M62A1 or M81

Paragraph

General - - - =« ~vco =~ 1
Description - « = = = = = = - ~ 2.4
Interior hallisticdata« - - << 5
Exterior ballisticdata « « -= 6-1
Effert datge ~ « = « = = = « == 3

SECTION 1

GENERAL

--------------------

ports, and firing tables pertaining to this ammunition.

Maryland,
8 March 1948
|
ﬂ;
3
é
Paragraph
1

BRLH 75-1.310
i

Ballistic Research Lab.
Aberdeen Proving Groung,

S

i

NI bl




T ™ & i N ) A 1 N (4 R A 1

Q

&
w m I6W ‘08 ‘3204

2 OIE W *WN-G2'LVEH *T13HS
” m -  Jo >
3 = ye'! - ol'e N
{ L2 o LI fw— |G — -Gl e Q2|

i
02|22
¥ Opy
!
X~ &%

Gve -
¢ g£2's

922 e £ B fo—

3

i 4

wEG6C = IV |
SHIBITTVO NI SNCISNINIG 1Y




FOR SHELL, HEAT, 75.MM, M310

BRLH 75.1-310
2.3 .

SECTION I
DESCRIPTION
Paragraph
Drawings « = = = »~ = = « @ = o = o o - o et e s et s e e 2
DImensionS = = = = = = = = & e 4 e 0 b e e - e e ...~ 3
Physical characteristics = = = = = = & = 2 o 4 c e w000t v o - - 4
2, Drawings.

ey

Fuze, BD, M82A1: Assembly
Details
Fuze, BD, M81: Assembly
Details

3. Dimensions.
Fuze, BD, M91: Length (cutside)

Boattail: Angle
Length

Rand; Distance from boattail
Distance from base
Wwidth

Body: Length of cylindrical part
Length of ogival part
Radius of arc

Union: Length

Ogive: Length
Angle

Length: Body
Ogive and unicn
Shell

Shell and Fuze M9l

Shell: Metal parts assembly and details
Ogive assembly, cone and details

Cgive, union, and ogival part of bedy

75-2-3%6
75-2-315
73-2-168
73-2-168 170 and i71
73-2-239
73-2-169, 170 and 240

.19 cal

9°00
0.33 cal

0.43 cal
0.7% cal
0.115 cal

2.28 cal
0.51 cal
7.45 cal

0.17 cal

1,77 cal
22°!

3.10 cal
1.84 cal
5.04 cal
2.45 cal
5.23 cal

Note: Fuze, BD, MBZAL is entirely inside of shell body.
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BRLH 775.-3-3‘0 BALLISTIC AND ENGINEERING DATA
4.

4. Physical characteristics. The HEAT Shell M310 is a modification of the HEAT Shell M86. Its
standard weight is 13.08 1b.

SECTION Iy
INTERIOR BALLISTIC DATA

Paragraph
Theoretical yaw inbore - = = = = « = « = = = 6 4 0 @0 0 00 o 00w 5
5. Theoretical yaw in bore.
Minimum 5.4 min
Maximurn 10.3 min
SECTICN IV
EXTERIOR BALLISTIC DATA
Pargraph
Aerodvnamic data « = = = = « @ « v L o 4 oo 0 w0t s e s mh e e s 8
Firing table data = = = = =~ = = = = = = = = @ 0 c 0 oo o e e 7
8. Aerodynamic data. J
Drag function Gz
Form factor {(from time of flight) i.23
Ballistic coefficient 1.22
Muzzle velocity 1000 fps
Drag coefticient, KD C.087

7. Firing table data. FT 75-BB-1.

Rifle, 75-mm, M20 {Recocllless). Twist of rifling: 1/22. Projectile weight; 13.1 Ib. Muzzle
velocity: 1000 fps. OCM items 27907 and 28547 recommended and approved standardization of the 75-mm
Rifle M20 and the HEAT Shell M310.

a. Form factor and bzllistic coefficient (Proj Type 6). The following values apply at all elevations:

is = 0.84

Cg = 1.781

A i o
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Iy, INCREASE IN AIR DENSITY (100%) IS STANDARD)

| MPH REAR WIND (OMPH IS STANDARD),

| FPS INCREASE IN MUZZLE VELOGITY (ICOQFPS IS STANDARD),

jeF INCREASE iIN AIR TEMPERATURE {59°F IS STANDARD),

£.RANGE EFFECTS OF
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BRLH 75.1.310 BALLISTIC AND ENCINEERING DATA
SECTION V
EFFECT DATA
Payagraph
Panetration = « « = = = 0 o v e n -t s ... .-, o ... 8
§. Penetration. The av-rage penetration of homogeneous armor plate by 75-mm HEAT Sheil M310
is 3 inches.
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