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BALLISTIC RESEARCH LABORATORIES
REPORT NO, 620
Hitchcock/imh

Aberdeen Proving Ground, Md.
17 October 1946

AERODYNAMIC DATA FOR SPINNING PROJECTILES

ABSTRACT

This is a collection of the physical and aerodyna-
mic data of spinning projectiles (excluding spin-stabilized
rockets) which have been obtained experimentally in the
U.S. during the past decade. Some theoretical and empiri{-
cal formulas are included. The index classifies the pro-
jectiles aceording to their shape. Most of these data were
determined from free flight, but a few wind tunnel results

are included.




1. Imntroduction

a. This report contains the physical and aerodynamic data of spinning projectiles {(excluding spin-
stabilized rockets)which have been obtained experimentally in the United States during the past decade, to-
gether with a few of the earlier results. Ballistic Research Laboratory Report No, 27 on "Resistance Func-
ttous of Various Types of Projectiles" gives the data on drag which were obtained from resistance firings
and alr stream experiments before June 1935. BRallistic Research Laboratory Repert No. 30 on "Stability

Factors of Projectiles” glves the data which were obtained from stability firings before September 1840

(the first edition was dated December 1935),

b, In the present report, the symbols are listed alphabetically for convenience; they are the ones
commonly used in the Laboratory. Some of the formulas which define and connect the physical and aero-
dynamic quantities are collected for reference purposes: these include several empirical formulas that can
be used for estimating the values of coefficients when no better method of determining them is avalilable,

¢. The data are arranged in the followlng manner: ordinary projectiles are grouped according to
caliber; then, separate paragraphs are devoted to the drag of slugs, the drag of spheres (included as a sim-
ple basis of comparison), characteristics of point fuzes, and the drag of typical projectiles. For ordinary
projectiles of each caliber, the known data are given in the following order:

{1). A sketch of the projeciile, showing the principal dimensions in calibers, and the numbers of
the official drawings.

{2). The physical characteristics, including weight, distance from base to center of gravity, and
principal moments of inertla.

(3). The drag coefficient and the form factor felative to one of the typical projectiles, with a refer-
ence to the report and the method of observation (with a few exceptions, form factors obtained by range
firings have been omitted.)

(4). The standard stability factor for a givenpltch of rifling, the moment coefficient, and a reference
to the report. ' '

{5), The cross wind force coefficient, which was usually determined from drift firings and taken
from the referenced report, and the yawing moment coefficient and Magnus moment coefficient, which were
determined from the damping of the yaw in connection with the stability firings,

(6). The axial couple coefficient and skin friction drag coefficient, which were determined from the
observed loss of spin, .

(7). The pitch of rifling of various guns, in terms of the caliber whose true value is expressed In

inches.
d. The Mach number -- the ratio of the velocity of the projectile to the velocity of soundin air -- is

the principal variable on which the aerodynamic coefficients depend, It is given whenever both the velocity
of the projectilé and the temperature of the air are accurately known. Otherwise, only the velocity of the
projectile 1s glven.

e. The list of reports given herein includes those from which the experimentaldata were taken, and

also some which explain the theory and the methods of performing the tests. The illustrations and graphs

Py




contained in the present report are listed, Finally, the index is convenient when data are desired pertaining

to a particular shape of projectile,

2. Nomenclature

Symbol

Nomenclature

a

B e —

Velocity of sound waves in air
Windage jump coefficient (mil, ft/sec)

Cross wind factor

Couple factor

Damping coefficients

Damping coefficient

Diameter; caliber (inch or mm)
Diameters of bearing surfaces (in)
2.71828; base of natural logarithms
Yawing moment damplng factor
Gravitational acceleration (m/ Secz)
Distance from base to center of gravity
Distance from base to center of pressure
Density factor (m—l)

Form factor

Drift factor

Retardation coefficient

Radius of gyration about transversé axis
Mass of projectile (grain or gram)
Pitch of rifling; reciprocal of twist

Moment of inertia factor; square of radius of
gyration about axis of projectile (cal?)

Function of stability factor

Unit*

ft/sec
rad.ft/sec
ft”
=2
gt
ft

it

ft

sec
ft/ secz
cal
cal

11

ft~
cal
b

cal

*These units will produce consistent results, Other common ones are given in parentheses,




2. Nomenclature (Con.)

Symbol

il

G o w > > >

x

Q2

DF

o o

& o

Nomenclature

Nutational frequency

Function of damping and stability factors
Stability factor

Standard stability factor at the surface of the earth
Time

Velocity of projectile relative to air

Valocity of projectile relative to gun

Muzzle velocity

Recoll velocity

Increase in projectile velocity caused by the blast
Velocity of ajr relative to gun; wind (mi/hr)
Angular velocity of axis of projectile (deg/sec)
Horizontal range (yd or m)

Altitude (yd or m)

Linear drift (yd or m)

Stacet Altitude function (ft.1b/in” or m.lo/in%)
Axlal moment of ineriia (gr.an or 1b.ir12)
Azimuth (deg)

Transverse moment of inertia (gr.in2 or lb.inz)
Drag coefficient (1b/ mg/ft ) 5.217 x 10“4KD

Ballistic coefficient (1b/ 1n2}
Drift coefficient

Skin friction drag coefficient
Angular drift (mil)

Drag

Skin friction drag

Drag function (Ib/ mz/ sec)

Unit

rad/sec

sec
ft/sec
ft/sec®
it/ sec
ft/sec
ft/sec
ft/sec
rad/sec
t

ft

it

1t
1b.ft2
rad

1b .ft2

b/ ftz

sec 3/ ft.2

1

rad

1b.ft/ secz
Ib.ft/sec?

-1
sec

P g




2. Nomenclature (Con,)

Symbol

G,, etc.

1
H

Hw

Ngﬂcﬂaf‘:?t“"’“

@,
j

=
s>

EoOR R ORm
s b AN AN G

g & E
w

b2 2 =2
o

Nomenclature

Drag function for Projectile Type 1, ete,

Density as a function of altitude (ratio)

Yawing moment

Siacel Inclination function (lb/ 1:12)

Magnus moment
Magnus force
Axial couple coefficient

Drag coefficient; 1916.8 B

Yaw-drag coefficient (deg-z}
Skin friction drag coefficient
Yawing moment coefficient

Magnus moment coefficient

' Magnus force coefficient

Cross wind force coefficlent
Moment coefficient

Normal force coefficient
Liength of nutational period
Cross wind force

Bearing length (in)

Moment of air resistance about center of gravi{y

Spin reducing moment
Mach number

Normal force

Spin (rev/sec)

Muzzle spin (rev/sec)

Distance, measured along the line of departure,
to a point directly above the projectile (yd)

lb.itz/’ sec

Unit

1b.£t%/sec?
1
lb.ftz/ sec2

1b.ft/sec

1

ft

1b.ft/ sec3
.
1b.£t%/sec?
2
1

Ib.ft/sec’
rad/sec

rad/sec

ft




2. Nomenclature (Con.)

Symbol

@ W o O

o

3

Nomenclature

Drift function

Drop of projectile (yd)
Total air resistance
Reynolds number

Siacci Space function (ft.1b/ m2 or m,lb/ mz) :

Surface of projectile, exclusive of base (ing)

Slacel Time function (sec,lb/ inz)
Nutational period

‘ Zenith angle (deg)

Maximum yaw (deg)

Minimum yaw (deg)

Magnus moment damping factor
Yaw (deg) |

Yaw in the bore (deg or min)

Angle of inclination of the trajectory (deg or mil)

Angle of departure (dég or mil)
Cross wind force damping factor
Cross wind force factor

Magnus force damping factor (stﬂctly,
NA 1 is the damping factor) '

Moment factor

Normal force factor

3,1416; ratio of clrcumference to diameter
Air density (1,gr/ ing, b/ in'j, kg/ms, etc.)
Standard air density at the surface of the earth
Air viscosity

Orientation of plane of yaw (deg) -

Time rate of change of orientation (deg/sec)
Linear rate of change of orientation (deg/it)

Windage jump (mil)

Unit
secz/ ft2
it
b ft/ sec2
1

1t

ftz

sec

sec
rad
rad
rad
sec™
rad
rad
rad
rad
«1

sec

1b.ft/ secd

1

lb.ftz/ secz

1o.1t/sec?

1

1b/ft3
b/ ft3
1b/ft/ sec

rad

rad/sec
rad/ft

rad




- 3. Formulas
., The following formulas are given without full explanation. They are explained in the BRL Reports
» whose numbers are given in parentheses (par, 26 lists their titles).
a, Physical characteristics: (X-113)
(1) For a hollow (or solid) cylinder of mass m, outside diameter D, inside diameter d, and length 1:
gD:—L, A=m —D—%tQi , B=% +m-1~i-’;--— .
(2) Similar formulas with approximate empirical ccefficients for caliber 0.30 and 0.50 ball and
armor-piercing bullets are:
£d=0.400 L, A=0.115 md>, B=0.5A+0.0543 mL*
Here, d 1s the caliber and L the length of the bullet,
(3) Likewise, the approximate empirical formulas for high explosive shells of caliber d and length
L are: v
£d=0.375 L, A=0.140 md?, B=0.5A+0.0594 mL® |
(4) In general, the squares of the radii of gyration, expressed in calibers, are:
P g p= A/mdg, k2=]3/md2

b. Drag: (X-113, 261, 276)
i=-D/m - g sin 0 (Dot denotes time derivative)

KDmD/szug (A function of the Mach number, M=u/a, and the yaw § ;
Reynold’s number also has a small effect.)

Approximately, if the yaw is not too large, and if KD denotes the drag coefficient for 0 yaw,

O

2
K, = KDD (1+KD68 )

k = IZ)/mua - KDde/m

R = (D2+L2)1/ 2 . The Magnus force and the yawing force due to yaw-

ing are neglected in this formula,

G= D/szu =Kpu {(In most tables, G = Bu = 5.217 x 10'4KDu)

in=G/Gn(n=1, 2,...)

>
¢ o

. Cn = m/indz (expressed in 1b/im’3 unless otherwise stated)

LI
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3. Formulas (Con,)

Bn = kCn

H=e ™ 10000045 m™t - 0.000,013,716 £t~

w ~GH. . GnH .
X = - 1 X y=-=g— YV -8 (standard trajectory)
n n

¢. Slacci Functions: Here, ¢ Is an arbitrary constant and U an arbitrary value of the velocity u.
The formulas are approximately valld if C (1b/ 1n2) and P (ratio to standard) are constant. The subscript o
denotes initial values, (X-113, 114, 276),

du Udu I du 2g du
5= [T, T=fGu ,A=] G, I=ct [ T T
u u 1 ' u

C
X = cos,GE)0 (S ~So)

C
t-——-b-(’I‘-TO)
a‘xtano - ? (A -A) Lsechd ILx
y o 21‘,2 A Y T

C sec O

tanOatanQO—Tp-—o(I—Io)

- - C |A-Aop
Iiy O; sin 200 ——p [mS¢SO -Io]

g. Stabllitx. (X-1138, 116, 281, 276, 446, 459),
N=»sind =Dsin § + L cos 8§ (normal force)

KN—V/pdu "KD+KL

M=Ndh - g)=pg sin §
32
KM“KN(h'€)=M/Pdu_

Pan /B =k pd/B

AZN2
: s~—~m (Here, N is the spin)
2.2 .2
EN=N --2%V0 stOA
"N T PTTTET2
pn dBKMu
W.ZAZ

Under standard conditions, p = Py U=V, S =

PR d BKM

»
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3. Formulas (Con.)

The following formulas are approximately valid if the yaw is small, say less than 10°, Neglecting the vari-

ation of y radlans in orientation during each period of yaw, which usually occurs near the minimum yaw:

@ = AN/2B, ¢ = * A/Bnd
T <= %/pp, p=(1-ysY% L=7 /B
q= "'/T = AN/ZBp
s=(Tp/ 7 P (s-1) | Cs=wp/ 7 s
(Tg/ 7 ) -1 (Lo = )° -1
2d-d, -d
< 172

{rad), 1 rad = §7.3 deg = 3438 min
2L '

[ 28 e
ao-[A -1]5

The necessary and sufficlent condition for stability ls that

2 2 T K, 2
A%k d L d .
[‘“’WBH _ﬂA‘(KA'zKI):! [2“?:1"+"§(KA<21‘-;)J
L T 172 '
i
m B

Sincethe right member of this inegquality can never exceed 1, it 1s necessary, thoughnot sufficient,that s » 1

or else negative,

The following empirical formulas give approximate values of the normal force coefficient and the

distance from the base to the center of pressure for projectiles with ogival heads:*

KN =0,020a - 0.748 b + 0,1715 ¢ + 0,640 d ~ 0.0266 e,

h=-00135a+ 1.97b + 0,6276 ¢ + 0,4837 d - 0.0233 e,
where
is the angle of boat-tail, in degrees,
is the length of boat-tail, in calibers,
is the length of the cylindrical part of the body, In callbers,
is the length of the oglval head, in calibers,
is the radius of the ogival arc, in calibers.

T oo

The following formulas, whose emplrical coefficlents were poorly determined, pertain to square-

based projectiles with conical heads:*

*Some data have been determined recently by free flight in the Aerodynamics Range, but have not yet been
published. The above empirical formulas yield approximatelythe same values for KN and h when the ogival

radius is moderately long, but give different results for conical or nearly conical heads.
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8. Formulas (Con,)
Ky = 0.575 +0.25§,

r ‘Fe

h=c~051+0.30},
where . :
: ¢ is the length of the cylindrical part of the body, in calibers,

j 18 the length of the head, in calibers.
e. Drift: (261, 278)

L = \sin § (cross wind force)

2 2
KL=)~/pdu

K =X/mu= KL pdzu,/m
~ 2 2

¢, = A /mu -K; pd°/m

2

Q=KL/KM11

jr = Q{Qr (r=1,2,...0 i Q,. is a standard drift function

a2
CLr =n/2 7 gpl v, = md n/2 7EA] v,

L E] N G ’ -
Z = %L-—- - _%_z_ {The subscript is dr§pped from Q, CL’ G and C)

Approximately, on a nearly horizontal trajectory, if K = KL/ KMCL,

Az/K) N Be ., . dz/K)  #/K
& WNvZ T (2/K), (czix)= zx{, .-

Then, since D = z/x (rad),
—% = z/ K X {whence K_ can be found if D 15 observed) .
L
L M™L
The Magnus force,

3 - ,
K = puNd szma = muN )\1 sin &,

 also has a very small effect on the direction of motion 61’ the center of gravity.

1. Damping: (261, 276, 448, 459)

1/2

w=(8 2y 152 sin® 8) (angular velocity of axis)

K, = H e d4u (Hw is th§ yawing moment)
f =H/B= KH'p d4u/B

KJ. ‘-';I/ Pd4uN sin §
Y= ]/AN sin§ = K.JP d4u/A
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Y. 3, Formulas {Con,)}
' The following formulas are approximately correct along a nearly horizontal trajectory if the initial mint-
b o «
mum yaw is zero, the retardation coefficient is constant, the damping factors are proportional to the velo-
eity, and the subscript o pertains to x = 0, ’
2kx /2 t-K 4279
) s=s5e", p={1-1/s8)’% r= %5

a=a (50" exp S 0 cosh (%)
~B=a (90/9)1/2 exp(-f;fi-\,i-L x) sinh (;I;,- x).

Ta 1 and a o are the maximum yaws at xl and X and ]ﬁ 21 is the minimum yaw at x

2l
r

v

1
*3

tanh "} Iﬁ 2/¢1 P

r
v %

, lﬁl! =¢1 tanh
f -k +27% =2pr,

v
f+Y = ————— log ,
- 2 2
}Lz xl € PZ (a 2"}3 2)

Usually, but not always, r is approximately 0.

The yawing moment coefficient, determined with projectiles from caliber 0,30 to 37 mm inclusive at
velocities from 2000 to 3050 ft/sec, approximartely satisfies the relation

K, = 0.35 15

where L is the length of the projectile, expressed in calibers.

g. Alrcraft Gunfire Trajectories: (116, 345)

ug =V + 2wv stcosA+w2
Q [} Q

62 = W2 (1 - singz coszA) /ugo (approximately)
0

8, = vzs S/ P u2 o if Sg is the standard stability factor, and p isthe ratio ofthe air den-
sity to the standard air density at the surface of the earth

H L
, I+ K1 2
¢ =g m

2
= KDp sd /2m

2]
1
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3. Formulas (Con,)

(1 - 6-2 pcP)

L
b = T

A =bé O/uo

h. Spin: (287, 408)
=2 -
N, 2%(y oty b) / nd

v = m+e/2
r

R v, (approximately; here, ¢ is the mass of the propelling charge, and Ris
the mass of the recolling parts of the gun)

4
K, d
log N =log N_ -~ A f pu dt
e e 0 A 2

Approximately, on a nearly horizontal trajectory, ..
K A d4 P
1ogeN = 1ogeNo g X

4
K, =M/ PduN

2 2
KDF nDF/ pd”u m4KA

i I 2 2 ']
CDFnDF/PS u M’iKAd /8

The skin friction drag is a function of Reynold s number,

‘R:udp/ g.

The average empirical value of C.DF for ten projectiles is 0.00168,

The average value of S'/d2 for 8 H.E, Shells, excluding the 120 mm Shell M73, Is 11,5,
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Barometric pressure
’I‘empefature
Relative Humidity

Velocity of sound

Density

1.203,4
0.075,126, 5
0.000,043,48
0,000,521, 7
0,000,000, 301,9
525.9

0.304,34

3.662

43.895

tabular data pertaining to each caliber,

4, Standard Atmospheric Conditions at Surface of Earth

7560 mm Hg
15° C
78%,

341.46 m/sec

unit

ke/ m3
b/ fts
1b/1n°
Ib/in? At
lb.ftz/ m5
gr/ ft3
gr/ in3
gr/ m2 Jt
gr/ 'm.ftz

29.6275 in Hg

59" F
78%

1120.27 tt/sec

Logyg

0.08041

8.87579 - 10
5.83825 - 10
6.71743 - 10
3.47989 - 10

12.72089

9.48335 - 10
0.56263
1.64171

Note: As explalned in the introduction, the sketches of the projectiles onthe following pages precede the
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5. Caliber 0,30 Bullets

a. Physical Characteristics

Bullet

Ball M1
Ball M2
A.P. M2
Tracer Ml

Same w/o0
Tracer

Average

Night Tracer
M25*

Frangible M22
{T44)**

AP.L TS

* Same contour as Tracer M1

**Same contour as Ball M2

b. Drag

Bullet
Ball M1
Ball M2
Ball M2
AP, M2
Tracer M1

Night Tracer
M 25

Frangible M22
(T44)

Frangible M22
(T44)

A.P.L.T15

Weight No, of
Drawing Grains Rds g A 9
Std. Meas, cal. gr.in
B 10986 172 172 1.827 1.751
B 137545 150 151 1,455 1.332
B 138186 164 187 10 1,880 1.855
B 16092 150 149 5 2.097 1.777
134 2 2.50 1.567
142 2,30 1.667
150 .
108.5 107 5 1.44 1.043
B 7638432 157 1565 1
Report Cbser - Broj. Form Velocity
vation Type Factor ft/sec
BRL 276 Range 5 0.77 26800
BRL 276 - 6 1,13 2740
Resist, see graph
BRL 276 Time 0.92 2730
BRL 276 Time & 5 0.87 2700
Range
APG
471.,4/490-1 Time 5 0.81 2850
FT
0.30AC-U-1 Time T44 1.11 1360
Resist. see graph
APG
471.4/452 Time 5 1.08 2780

gr.in
16,40
12.13

20.15
18,57

16.88
17.60

9.08

“

.107
.132

.126
001

111

.202

146

.

,}l’




3

%

19

100

is0

60

20

g0

100

08O

180

160

40

100

DRAG' COEFFIGIENT
v8 MACH NUMBER

BULLET, BALL, CAL 030, M2

" 18

1.8 2.0 . ]

2.4

| X ]

|

BULLET, FRANGIBLE, CAL.030,T44____ |

DRAG GOEFFIGIENT |
vs MACH NUMBER

. ; .
. 10 -
u/‘.'/—\ .
LIRS A -
¥
3 -l s
. - . \\-\ -
e - . .
o » iF
bl \ X
»
»
.
-
.
e .94 -
r‘“"“!&i el - S o
TSR
é I ] 1¢] L2 1.4 M 16 18 20 &2 2.4




20

8, Caliber 0.30 Bullets (Con,)

¢. Stabllity
; Pitch of Rifling: 10 inches

Bullet Report No. of Velocity Mach
Rounds ft/sec No. s
Ball M1 BRL 278 5 1990 1.788  1.815
7 2672 2.409 1.801
8 2892 2.571 2.079
Ball M2 BRL 278 5 2574 3.42
AP, M2 BRL 276 10 2750 1.42
Tracer M1 ' BRL 278 © 10 2528 2,80
Night Tracer APG
M25 471,4/490-1 . 2600 2.52
Frangible M22 FT
(T44) 0.30AC-U-1 1370 1.81
Frangible M22 APG ' x
(T44) 471,84/238 1280 2.79

K
M

1.24
1.05
0.96
0.51
1.36
0,73

1,12

0.89

-

* Thig is an apparent moment coefficlent, computed from the observed stability factor and the average

values of the moments of inertia of the bullet with and without the tracer composition,

x Fired from a speclal barrel with an 8-inch pitch of rifling,

d. Drift and Démplng

Velocity K K
Bullet Report ft/sec L _H
Ball M1 BRL 276 and 357 2656 0.77 3.8
Ball M2 " BRL 278 and 357 2770 0.98 2.8
Tracer M1 BRL 278 and 357 2734 1.07 5.4
Frangible .
M22 (T44) FT 0.30 AC-U~1 1370 0.98 1,98

-0.15
-0.08
-0.22

~-0.06
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8. Caliber 0.50 Bullets

a. Physical Characteristics

BULLET DRAWING WEIGHT NO. OF
GRAINS RDS. _g_ A
Std. Meas, Cal. gr.in
Ball M1 B129810 750 741 2,043 21.45
A.P, M2 B137655 710 709 5 1.922 19,71
Alternatd 698 697
Tracer Ml B129831 674 674 5 2,269 20.94
Same w/o tracer 602 5 2.402 19.56
Ave. 638 2.336 20,25
Alternate 835 641
Headlight Tracer) 897 3 2,234 22.04
M21 (T1E1)* )
AP.L M8x B7636175 650 653 5 1.823 18,90
A.P.I, T49 B7640941 501 504 3 1.289 15.28
A.PLT. i
M20 (T28) 614 613 1.738 18.52
A.P.LT, T63 b13 6 1.618 16.87
A.P:T. T38 739
A.P.T, T38E1 870 3 1.991 19,17
Inc. M1 B174991 625 619
Inc, M23(T48) FB19562 512 495 3 1.466 17.89
Inc, T'78 608 3 1.652 19.38
* Same contour as Tracer M1
X Same contour as A.P. M2
b. Drag
Proj, Form  Velocity
Bullet Report Observation Type Factor _ft/sec
Ball M1 BRL 278 Range and Time 5 0.79 2800
AP, M2 BRL 276 Time 5 0.86 2900
Alternate APG 471.4/206 Time 5 0,87 2900
AP. M2 Resist. See graph
Tracer Ml BRL 276 Range and Time 9 0.7 2800
Same ‘ Time 5 0.825 2800
Alternate APG 471.4/206 Time 5 0.81 2800

gr.in
244.9

217.1

246.5
211.9
229.2

267.1

179.4
107.8

167.1
114,4

217.1

161.8
200.8

104
111
109
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8. Caliber 0.50 Bullets {Con.)

200

180

160

140

12o

100

080

Proj. Form  Velocity K
Bullet Report Observation Type TFactor ft/sec D
Models of )
155mm HE Shell) BRL 587 Resist See graphs
M101, P1 & P2 )
Inc, Ml APG 471,4/208 Time 5 0.86 2850 116
Same Time 6 0.92 2950 .099
Inc, M23(T48) K-I-9 Mar 45 Time 7 1.268 3460 118
A.P.I. M8 Resist See graph
A.P.I, T46 K-1-9 Mar 45 Time 7 1.29 3480 120
Same ADPC 471,4/434 Time . 4450 _:102
A.PLT, M20(T28) APG 471.4/434 Time 5 0.80 2900 107
AP, T, T38 APG 471.4/434 Time ) 0.87 2700 119
A.P.T. T38E1 APG 471.4/434 Time 5 0.81 2900 - ,109
I T T T
DRAG COEFFIGIENT
vs MACH NUMBER
BULLET, A.P, GAL.0.50, M2
L ]
] \
L
/ \o-
l . \ .
L ]
- L
< r 4.58 -
l poic-—, 778 1088 Lot a3 272 L
= T
. 92.00R
[ ] ’/J
R
8 10 1.2 8 2.0 2.2 2.4 28
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DRAG GOEFFICENT
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J60 4 . ~
‘-IIARW‘[
. A0 8,432 P
: 448 —PE— | 502 P 3.382 -
K ™~y o
D \{'\ﬂ
% -
o \ Miol Lee.nk .
\.. Ry 130 :,éoa*ws.m—-—n '
200 o ‘ o ; 4
- %"‘.— . 2298 ,
0
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6. Caliber 0,50 Bullets (Con.)

Bullet
Ball M1
Ball M1
Rall M1
Ball M1

AP, M2
Tracer Ml

Headlight Tracer)
M21 {T1EL)** )

AP.I. M8

A.PI T49
AP.IT. M20(T28)
APLT, TB3
A.P,T. T38E1

Inc. M23
Incendiary T78

¢, Stability - Pitch of Rifling: 15 inches

Report
BRL 278
BRL 278

"~ BRL 278

BRL 276

BRL 278
BRL 278

APG 471.511/1113

BRL M256

APG 471.4/398-1
APG 471,4/434
APG 471,4/376-1
APG 471.4/301-1
APG 471.4/385-1
APG 471.4/458-1

No, of Velocity Mach

Rds. ft/sec No.
4 1882 1,760
6 2162 1,960
5 2631 2.293
4 2928 2.601

Ave,

13 3112 2.72
4 3000 2.82
5 2700

10 2930

3400
2970
14 3400
| 2890
3400
3000

K
s M
1.794 115
1578 1.31
1.603  1.29
1.691  1.22
1,87 1.24
2.17 0.97
2.39 0,86
259  0.84
192 1.20
2.7 0.86
2.06 116
249 1,10
266  0.72
162  1.50
132 1.84

*This is an apparent moment coefficient, computed from the observed stability factor and the
average values of the moments of inertia of the bullet with and without the tracer composition,

**Same shape as Tracer M1,

d. Drift and Damping

Bullet
Ball M1
A.P. M2
A.P.I. M8
A.P.1. M8
Inc. M23

Report
BRL 276 & 357
BRL 276 & 357
BRL M256
Memo Mar 44
MR

Velocity
it/sec

2540
2650
2830
2936
34860

5

0.63
0.83
1.84
1.15
1.44

8.0
3.2
4.8

2.47

-0.23
-0.10
-0.145

-0.036

I3

87
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7, Caliber 0,60 Bullets

a, Physical Characteristics

R

Weight
Gralns No. of g A B

Bullet Drawing Std. Meas, Rds. Cal gr.in.2 gr.in.3
AP. TS 4 ALX-H 3-2 1234 5 1.838 50.38 807.2
AP BC2 ALX ~H 3-42 1192 5 1.867 48,72 554.5
AP. BC3 ALX-H 3-188 1180 1200 5 1,938 48,13 619.8

same 1187 2
Tracer BC 3 109¢ 1
H.E, T19 . 1138 5 1,665 50,15 480.1
Ball T32 B 7637435 1200 1186 5 1.885 49.48 538.0
Ball T32E2 114C 1139 3 1,783 46,9 b16.2
Inc, T36* B 7640421 1140 1148 5 1,654 51,08 508.1
Inc. T3BE2 1140 1140 8 1.587 51.18 492,1
Inc, T31 1200 1170 2
Inc. T41 787 3 1.620 39.61 292.6
AP.LT, TBO** B 7641008 1060 1043 3 1.843 46.68 491.4
A.P.I. T39 B 76841005 1140 1138 8 1,765 47.¢ '490.1
*Formerly called T1ES,
*kSame contour as A.P.I, T39.

b, Drag
Proj. Form  Velocity

Bullet Report Observation Type Factor it/sec _Ii
A.P. BC-3 APG 471.4/180-9A Photo 7 1.266 3584 d14
Tracer BC-3 APG 471.4/180-2A Photo 7 1.21 3579 110
H.E, T19 K-I-9 Mar 45 Time 7 1.14 3545 104
Ball T32 K-I-9 Mar 45 Time 7 1.2 3550 d14
Ball T32E2 K-1-9 Mar 45 Time 7 1.23 3600 A1l
Inc. T36 K-1-9 Mar 45 Time 7 1.8 3550 118
Inc, T3BEZ ADG 471.4/478 Time 7 1.29 3550 118
Inc, T31 APG 471.4/180-9A Photo 7 1.18 3580 107
A.P.LT. T80 K-I-3 Mar 45 Time - 7 1.18 3570 106
AP, T39 K-I1-9 Mar 45 Time 7 1.26 35650 JA15
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7. Caliber 0.60 Bullets (Con,)
_ DRAG COEFFICIENT "
- V8 MACH NUMBER
o BULLET, BALL, CAL 060, T32
4.55
1y sk 14O 1.8l et 1.64
: _
'b.' » :
e, ’
ML o. (y . * ¥
L]
v . )
$ " :._ ”
» L) 0.
L O . N ﬁ‘ ..
, SN
¢ A
]
. L
'S 8 .2 1.6 20 M 2.4 2.8 32 36 4.0
c. Stability
Pitch of Rifling: 18 inches
No, of Velocity K
Bullet Report Roundsg ft/sec, S M
AP, TS4 BRI, 257 ‘B 3100 1,85 1.08
A.P, BC-2 BRLM 245 9 3520 1.9 1,18
H.E. T19 BRLM 366 8 3500 1.84 1,32
Ball T'32 BRLM 305 4 3500 1.85 1.145
Ball T32E2 BRLM 366 8 3800 - 1.69 1,17
Inc, T36 BRLM 305 6 3800 1,61 1.58
Inc, 136 BRLM 366 6 3450 1.74 1,36
Ine, T38E2 ADG 471.4/478 . 36800 1.63 1,68
Inc, T41 APG 471.4/6-1 3 4200 1,92 1.37
A.P.1T. ’I‘60_ BRLM 368 8 ‘ 356560 2,10 1,08
A.P.I. T30 " BRLM 366 11 3550 179 1.216
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8. 20mm Projectiles

a. Drawings:

Projectile, Ball, Hispano Gun /A/

Projectile, Ball, T4 (same contour as A.P. M76)

Shot, Armor-plercing, M75
Shot, Armor-plercing, T9E4
Shot, Armor-piercing, M85 (T9ED)
Shot, Armor-piercing Incendiary, T21
" Shell, High Explosive Incendiary, Mark 1

Shell, High Explosive Incendlary, T16
(samse contour as H.E.I. M87)

75-2-299

75-2-308

TAM 130
75-2-333 and 341
TAM 480
76-2-300

TAM 22 and 463

Shell, High Explosive, T23 TAM 371
(same contour as H.E.I. M87)
Shell, High Explosive Incendiary, M87 76-2-336
Shell, Incendiary, M86 (T18) 765-2-342 and 334
Shell, Incendlary, 728 TAM 1824
Shell, Incendiary, T35 TAM 1979
Projectile, Practice, M09 (T24) 76-2-343
(same contour as Incendiary M96)
Fuze, Percussion, D.A., No, 253, Mark I /A/ 73-1-178 e
Fuze, Point Detonating, M75 (T71E4) TAM 601
« ¥
b. Physical Characteristics
Weight No.
Grains - of g A B
Projectile Fuze Std, Meas. Rounds cal gr.in2 . gr.in2
Ball (formerly
1935 gr.) 2000
Ball T4 Plug ‘ 25268 5  1.884  180.2 1767
Ball T4 None 2512 b 1.882 180,0 1788
Ball T4 Tracer 2542 3‘54? 5 1,808 190,0 1796
AP, M75 Tracer 2548 ’
A.P. TOE4 Tracer 2000 2000 6  1.474 1545 957
AP, M85 : Tracer 2000
A.P. M95 wo/tr 1987 3 1,488 148.8 958
AP.I T21 Tracer 2000 v
APL, T2 - None - 1980 7 1,638 150,2 1065
H.E.IL. Mk 1 Perc, 2030 1996 b 1.860 184.3 1662
H.E.I, T16 Dummy '
(with tracer) M5 1900 1965 5 1.718 151.9 1470 ..
) 1.843 185.8

H.E., T23 T71E4 2000 2004

1442 .




8. 20mm Projectiles (Con,)

Weight No.

g A B
Grains of 9 9
Projectile Fuze Std,  Meas. Rounds cal gr.in, gr.in,
H.E.I. M97 M75 2039
Inc, T35 - 1200 1188 3 1,074 102.2 4156.4
Inc, T28 - 1600 o 1434 3 1,266 120.0 6868.7
Inc. MSS . -— 1920 1993 5 1.663 165.5 1306
Prac, M99 -- 2000 1965 5 1.546 163.1 1388
¢. Drag.
Obser~-  Proj. Form Velccity
Projectile Fuze Report vation Type Factor ft/sec. _K_D
Ball, 1935 gr. Tracer BRL 284 Resist 1 0.98 2820 .207
Ball, T4 Tracer BRL 515 Time 1 0.96 2530 212
AP, M76 Tracer BRI 515 Range 8 1.71 2550 214 -
A.P. M75 Tracer BRL H15 Time 6 1.98 2450 .2b8
A.P. TOE4 Tracer Resist see graph
A.P, M96 Tracer BRL b1H Time 5 1,12 3000 149
AP, MB5 w/otr K-I19 Oct 44 Time b 1.16 3000 .163
H.E.I, Mk 1 Perc Resist see graph
H.E.1, T18 Dummy
(with tracer) M75 } BRL 515 Time 5 1.09 2750 .148
H.E. T238 T71E4 BRL 515 Time ) 1.14 2800 156
Inc. MO8 ——— BRL 515 Time 5 1.16 2750 1567
Inc, T28 ——- APG 472.5/317- Range 8 1.28 3200 127
1848 « 1.28 2700 145
Inc. T35 ADPG 471/6-8 Range 8 1.26 3650 113
1.26 2700 162

AP.I. T21 “w/otr APG 4'72.5/317-} Time 5 1.19 2700 162
1781
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DRAG COEFFICIENT
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8. 20mm Projectiles (Con.)

d. Stability ;
Pitch of Rifling: 25,586 Cal, (Angle 7°)
No, of Velocity K
Projectile Fuze Report Rounds ft/sec, s M
Ball T4 Tracer BRL 515 4 2530 2.89. 1,14
A.P. T9E4 Tracer BRL 515 12 2750 2.78  1.47
AP, TO5 (M95) wo/tr  APG 472.5/317- 6 2700 2,28 1.88
A.P.L T21 w/otr APG 472.5/:13%3 8 2700 2,62  1.39
_ 1821
H.E.I Mk 1 Perc  BRL 515 7 2750 2.88 1,16
H.E.L T18 Dummy} BRL 515 10 2750 2.91  0.89
(with tracer) M75
H.E. T23 T71E4 BRL 5615 9 2800 2.85 1,09
Inc. M96 -- BRL 516 8 2750 2.80 1.09
Inc. T28 -- APG 472.5/317-} 3000 3.07
1846
Ine. T35 .= . ADG 471/6-8 3 2600 2.4 A
Prac. M99 - BRI 515 8 2750 2.81  1.20
The caliber of the 20mm gun is 0.787 inches
e, Drift and Damping

Projectile Fuze Report Vf?} zzit.y KL _“EE{_ : E‘L
Ball T4 none BRL 515 2483 2.50« 4.8  -.10
Ball T4 Tracer - BRL 515 . 2483 2.50% 2,7 +.02
A.P. M75 Tracer BRL515 = 2630 2.60% ‘

H.E.I Mk 1 Perc,  BRL 515 2830 112 3.7 -12
H.E. T23 T7E4  BRL 515 2800 1.27 1,56  -,005

*This value was determined with the A,P. Shot M75 and assumed to be the same
for the Ball Projectile T4; but it is probably too high.
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9. 3Tmm Projectiles

a, Drawings.

Shot, Armor-plercing Capped, M51 765-2-276
" 8hot, Armor-piercing Capped, Mb59 75-2-289
Shot, Armor-piercing, M74 76-2-308
Shot, Armor -piercing, M80 75-3-210
Shot,” Armor -piercing Supervelocity, Mark 1 (Deformable
37/30mm)
Shell, High Explosive, Mark 2 ' 75-2-179
Shell, High Explosive, M54 (T12) 76-2-279
Shell, High Explosive, T2 T5E -2-254
Shell, High Explosive, M63 . 715-2-200
Shell, High Explostve, T27 TAM 58
Shell, High Explosgive, T33 TAM 1052 & 1053
Shell, Practice, M55A1 | 76-2-278
Projectile, Proof, M52 75-2~-276
Rev, 1
Fuze, Base Detonating, M38Al 73-1-133
Fuze, Bagse Detonating, M58 73-1-174
Fuze, Base Detonating, T136 TAM 1054 & 1056 Wt
Fuze, Point Detonating, M58 - 73-8-168 10 161
Fuze, Dummy, T30 (simulates P,D. PX-91-08 L
Fuze M58) .
Fuze, Dummy, M50 (simulates P.D. 72-5-4
Fuze MbE6)
Plug, Closing 75-14-308A
Tracer, Red, M2 S 15-17 4

b. Physical Characteristics

Weight £ A B
lb. No. of

Projectile Fuze Std.  Meas. Rounds  cal. b.in2  1b.in.2
A.P.C. M51 Tracer 1,92 1.917 5 1.453 .4813 3.068
A.P.C. Mb9 Tracer 1,91 1.905 ) 1.460 .4885 3.015
A.P. M74 Tracer 1.92 '
A.P. M80 Tracer 1.66 1.621 10 1.268  .41560 1.963
AP, 8.V. Mk 1 Tracer . 1,18 1 1.44 ,1448 1.148
H.E. Mk 2 M38A1 1.25 5.
H.E. T2 T30 (AL) 1.216 4 2.263 .3524  2.228




9. 3Tmm Projectiles (Con.,)

Weight g A B

1b. No. of 9 -

Projectile Fuze std. Meas. Rounds cal, Ib.in, 1b.in.“

H.E, M54 T30 (AL) 1.312 15 1.5637 .3724 2.470

H.E, M54 T30 (brass) 1,372 ] 1.836 .3770 2.905

H.E, Mb4 M50 1.319 1 1,520

H.E. Mb4 Mb56 1.34  1.328 2 1.538

H.E. M63 - MbH8 1,81 1.592 2 1,619  .4265 3.687

H.E, T27 M58 1,680 5 1.3868  .,4288 2.664

H.E. T33 ((BD T136) 1.71 1.713 3 1.893 478 3.85

Tracer
Proof MH2 1.91 1.458 4892 2.967
¢, Drag.
. Obser - ij,. Form Velocity
Projectile Fuze Report vation Type Factor ft/sec. ﬁ
AP.C. Mb1 Tracer Time 6 .92 2800 .101
A.P.C. M59 Plug, BRL 284 Resist. 1 1.82 2545 .401
: Wooden
A.P.C. Mb9 Tracer Resist, See graph
A.P. M74 Tracer BRL 284 Sup.Resist, 1 1,05 25564 L2381
AP, M8O Tracer BRL 438 Time 1 .78 1650 .202
A.P. M8QC Tracer BRL 438 Time 1 L71 3050 ,146 .
AP, M8O Tracer BRI 438 Resist, See graph
A.P.SV,Mk1 Tracer Memo Time 8 1.24% 3660 110
13 Sep 45
H.E. Mk 2 M38 BRL 284 Resist, 1 .89 1269 211
H.E. Mk 2 M38 BRL 284 Resist. 1 .92 1630 .239
H.E. Mk 2 M38 BRL 284 Resiat. 1 A1 19286 228
H.E. M54 T30 BRI, 138 Resist, b 1,08 2800 .148
H.E. M54 M58 BRL 354 Time See graph
H.E. M54 - Mb8 ' Time 5 1.04 2600 144
H.E, T33 B.D.T136 APG 471,111/ Time §] 0.95 2900 104
(Tracer) 1589 7
Practice Plug, BRL 284 Resist, See graph
MB5A1 Closing

*The caliber is taken as 1,181 in, (30mm)
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9. 37mm Projectiles {Con,)

d. Stability

Projectile

A.P.C. M51
A.P.C, Mb1
A.P.C, Mb1

AP.C. Mb59

A.P. M8O
A.P. M80
A.P, M8BO

AP, SV Mk 1

H.E. T2

H.E. Mb4
H.E. M54
H.E. M54
H.E. M54
H.E. Mb4

H.E. M63

H.E, T27
H.E. T33

Proof Mb2

¢. Drift and Damping

Projectile

A.P.C. Mb9
AP, M80
H.E. Mb4

No, of Velocity

Fuze Report Rounds ft/sec,
Tracer BRL 225 6 1350
Tracer BRI 225 4 2740
Tracer BRL 225 Ave,
Tracer BRL 438 7 2800
Tracer BRL 438 4 1650
Tracer BRI 438 1850
Tracer BRL 438 7 3050
Tracer Memo 1 3875
13 Sep 45
T30(AL} BRL 138 2 2800
T30(AL) BRL 138 1 2200
T30(AL) BRL 138 3 2800
T30(brass) BRL 138 1 2800
T30(brass) BRL 138 2 2800
M58 BRL 354 10 2000
M58 BRL 22b 7 1200
5 2450 -
Ave.
M58 BRLM 261 10 3100
T138 APG 471,111/ 7 2750
Tracer 1589
BRL 225 11 2650
Velocity K
Fuze Report ft/sec. L
Tracer BRL 438 3000 ,083
Tracer BRI 438 3100 .188
M56 BRL 354 & 2000 .98

357

n
cal,

40
40
25

30

40
26
30

25

36

30
35
35
30
30

35
35
25

30
26

40

....
g |
&

2.53
3.2

1.39

1.53
1.19
1.11
1.49
1.66

1.22
-1.23

2.4

10.9
3.81

4,57

-.125
-.28
=19

g

1,35
0.25

0.513
0.513
0.497

1.18

1,14

1.41
1.33
1.28
1,27
1.89

1.13
0.24
0.85

0.1562

,',é
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9, 37mm Projectiles (Con,)

f. Rifling of 37mm Guns and Sub-~caliber Tubes (1,457")

Gun or Tube n-cal,
Antiaircraft Gun M1A2 30
Antitank Guns M3 and M3Al 25
Tank Guns M5 and M8 25
Afrcraft Guns M4 and M10 26
© Aircraft Guns M9 and M9A1 30
Sub-caliber Guns M1916, M1916A1, and M1916A2 29.88
Sub-caliber Guns T17, T22 and T23 (Left hand twist) 20.89 -
Sub-caliber Guns M12, M13, M14, M15 and M168 26
Sub-caliber Guns T12 and T'14 26
Sub-caliber Gun T13 30
Sub~caliber Tube M1925 No, C-4360 40
Sub -caliber Tube G2 No, 88 30
Sub-caliber Tube M1Al No, 7 35
Sub-ealiber Tube M1A1 No, 109 30
Sub-caliber Tube M1AZ 30
Sub-caliber Tube T24 (Left hand twist) 30
* 3.90 >

pokesemnmnn s - 225 >

b oo |, ) T8

- T FT T FFER

A
A
A0
(e 2 B
’-tv.SI —+T-L40 T 23t 1.97
Fe21 ;‘ a7 |
ALL DIMENSIONS IN CALIBERS

SHOT, A.P.C., 40MM T4E10
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10. 40mm Projectiles

a. Drawings

Shot, Armor~-piercing Capped, T4E10

Shell, Quick Firing High Explosive, Mark 2 T/L/

Shell,

High Explosive, T7

TAM 737 and 738
15-2-298
TAM 278

Shell, Practice, M91 (T1) (same contour as Q.F.H.E.
Mark 2)

Fuze, Point Detonating, M64 and M64Al

Fuze, Detonating, Mark 27(Navy Bureau of Ordnance)

7b-2-304
73-2-172 and 176
300423 and 300428

Fuze, Dummy, T34 (simulates M684 and Mark 27 Fuzes)-

b, Physical Characteristics

Weight
1b. No.of 8 A 0 B )
Projectile Fuze Std, Meas. = Rds. cal 1b.in, 1b, in,
A.P.C. T4E1Q0 Tracer 1.975 .10 .
H.E, Mark 2 MB4Al 1.954 1.8561 7
{with tracer) Mk 27 1.954 1.986
H.E., Mark 2 T34 1.8285 5 1.b66 ,62988 4,965
(w/0 bourrelet,
with wood plug)
H.E. T7 Mk 27 1.96 1.889 5 1,686 .B130 4,253
Prac, MS1 T34 1.96
¢. Drag
Obser - Proj. Form Velocity
Projectile Fuze Report vation Type Factor ft/sec. __KQ
A.P. T4E10 Tracer K-I-2 Mar 44 Resist, 6 1,20 2709 142
H.E. Mk 2 MB4A1  APG471.12/368 Time. 5 952 - 2867 .128
{with tracer) Mk 27 APGA4T71,12/368 Time 5 .927 2886 124
H.E. Mk 2 - Dummy NPG 3~ 45 Resist. See graph
(w/o tracer) Mk 27
H.E. T7 Mk 27 BRLM 217 Time 5 1.18 2870 158
Prac. M9l T34 BRL 284 Resist, 5 1.07 2887 143
d. Stability Pitch of Rifling: 30 calibers
_ No. of Velocity Mach K
Projectile Fuze Report Rds. ft/sec, No. s M
H.E. Mk 2 T34 BRI 252 8 1200 1,042  1.228 1.86
H.E, Mk & T34 BRL 252 5 2880 2.5614 1479 1,64
H.E, T7 Mk 27 BRLM 217 4 2870 2.53 0,91

The caliber of the 40mm Antiaircraft Automatic Gun Ml is 1.575 inches,
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11, 57mm Projectiles

a, Drawings

Shot, Armor-piercing, M70
Shot, Armor-piercing (57/40mm)

Shot, Target Practice, M70 (same design as A.P. Shot M70)

Shot, Armor-piercing Capped, M86

Shot, Hypervelocity Armor -piercing, T14
Shell, High Explosive, T16

Shell, High Explosive, T18

Shell, High Explosive, M303 (T18E1)
(Approximately same contour as T'18)

Shell, High Explosive, M306 (T22)

Shell, High Explosive Antitank;, T20, Types IA and ITA
Shell, High Explosive Antitank, T20E1

Shell, High Explosive Antitank, M307 {(T20E2)

Shell, Smoke (White Phosphorous) M308(T23) and T23E1
(same contour as H.E, Shell M306)

Shell, Experimental, Types 1, 2, and 3, furnished by
Office of Scientific Research and Development

Fuze, Base Detonating, M72(T56)
Fuze, Base Detonating, T94

Fuze, Base Detonating, T94E1
Fuze, Point Initiating, M0 (T123E1)

Fuze, Point Detonating, M85 (T83)
(Approximately same contour as Dummy T67)

Fuze, Point Detonating (for H.E. Shell T22)
Fuze, Point Detonating, T119 and M89 (T119E1)
Fuze, Dummy, T68

Fuze, Dummy, T67

Fuze, Dummy, T128

75-2-301
J&L A~1944

75-2-320 and 323
TAM 105
TAM 141
TAM 158

75-2-359

P-73259, 73260 and 73262
FA CLS3-V8-131
P-73296 and 73310

75-2-353 and 354
and 756-14-472

p-73258

Photos in BRL Report 303
73-2-197
TAM 624
P-73317
73-2-238, 237 and 238

73-2-215
P~73266 and 73257
73-2-233
TAM 142
TAM 158
72-5-14




58

11. 5Tmm Projectiles (Con.)

b, -Physical Characteristics

Weight

Lb. No.of & A B
Projectile Fuze Std. Meas. Rds, cal., lb,in.2 1b.in.2
AP, Dwg J&L Tracer 3.13 14 1,273 873 6,447
A-1944 57/40mm
AP, MT0 Tracer 8.28 6.28 17
T.P. M70 Tracer 6.28
A.P.C., M88 M72 7.27 7.27 5 1.912 4,369 38.23
AP.C. M86 Plug 8,79 8.72
Same w/o wind~ -
shield Plug 8.60 6.49 10
H.V.A.P. T14 3,76 ,
H.E. T186 T88 8,53 8.66 10
H.E. T18 Te7 6.46 6.68 10
H.E. M303 M85 6.61 1,655 4,787 41.52
H.E. M306 P.D. 2.88 2.86 3 1,237 2.18 8,809
H.E.A.T.T20 T4
Type IA, lot
‘ 2788 2.4b 2.38 3 1.299 1.737 9.04
Type IA, lot
29356 2.80 2.87 - 3 1,618 2.097 18.17
Type 1IA, lot
2780 2.73 2.70 1 1.429 2.014 10.52
Type IIA, lot
2780 2.65 2.83 2 1.408 1.980 10.39
Type IIA, lot
2938 2,77 .
H.E.A.T. T20E1 T94E1 2.90 5 1,519 2.50 15,57
H.E.,A.T. M307#* M9Y0 2,75 2.71 5 1.383 2.20 10.42
H.E.A.T. M307+* M90 2.75 2.70 6 1,269 2,068 9,768
W.P, M308 T119 2.75 2.39 5 1.137 1.82 7.69
W.P., T23E1 T126 2.68 3 1.003 1,75 6.40
W.P, M308 ‘M89 2.15 2.64 3 1.044 1,79 6.06
Exp., O.8,R.D. Dummy :
Type 1. 4.91 2 1.872 3.80 40,05
Type 2 5.49 2 2,080 4.26 55,57
Type 3 5.15 2 1.963 3.98 45.52

*P.A, Lot E-T45-187 (fired 16 Sep 44)

**¥M,G, lot 1 (made according to Rev. 1 of Drg. 75-2-353, dated 3 March 45, which
differs from the original in several interior dimensions),

.
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* 11. 57mm Projectiles (Con.)
¢, Drag
o Obser - Proj. Form  Velocity
Projectile Fuze Report vation Type  Factor ft/sec,
AP, Dwg J&L Tracer Memo 2 Sep 46 Time 8 1.52* 3970
A-1844 57/40mm
AP, MT0 Tracer K-1-9 Mar 44 Resist. 1 1.288 26683
A.P. M70 Tracer K-I-9 Mar 44 Resist, 1 1.28 28563
T.P. M70 Tracer BRL 284 Resist. 1 1.21 2797
Aug 42
A.P.C. M8E** M72 FR P32910 Resist, 8 .88 1968
A.P.C, M88 M72 K-I1-8 Mar 44 Resist. 8 1,11 26850
A.P.C, MBS Plug BRL 284 Resist, 8 1.08 2729
May 43 »

Same w/o ) o )

windshteld) Plug K-1-9 Mar 44 | Resist, 1 1.66 2676
H.V.A.P. T14 Memo June 43 Resist, 1 L7 3699
HV.A.P. T14 Memo June 43 Resist, 1 .80 2918
H.E. T18 T87 K-I-8 Mar 44 Resist. 8 1,13 2797
H.E. M308 M89 APG 474,1/185 Time 1 .86 978
H.E.A.T. M307T M80 APG 474.1/165 Time 1 .98 958

t *The caliber is taken as 1,575 in. {40mm)
**Modified by machining the rotating band to the body diameter, fitted with a sabot and fired from
. a 75mm Howitzer MI1AL.

TM.G. ot 1.

d. Stability

No, of Velocity n

Projectile Fuze Report Rds, ft/sec, cal.
AP, Dwg, J&L Tracer Memo 12 Sep 45 8 3980 30
A-1944 57/40mm ,

AP,C. M88 M72 BRLM 266 4 2700 30
H.E. T16 T66 BRLM 248 8 2800 30
H.E. T18 T67 BRLM 248 8 2800 30
H.E, M303 M85 ADPG 471.5213/222 10 2700 30
H.E. M306 P.D. BRLM 300 4 1178 30
H.E.A.T. T20 T94 BRLM 300

Type IA 3 1244 20
Type 1IA 3 1218 30

e
H.E.A.T. T20E1 TO4E1 BRLM 318 7 1200 25

2.73

2.177
1.185
1.735
1.82
1.62

1.51
1.007

1.15

D
127

,278
270

.287

.133
134
126

.356

153
167
129
L1605

113

681

1.077

2,19
1.31
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11, 57mm Projectiles (Con.)

No. of  Velocity n K
Projectile Fuze Report Rds, ft/sec, cal,. s M
H.E.A.T, M30T*  M90 BRLM 348D 4 1200 30 1,84 1.53
H.E.A.T. M307** M90 ADPG 474,1/185 8 1215 30 1,70  1.15
W.P, M308 T119 BRLM 348D 5 1200 30 2,58 0.7
W.P, T23E1 T128 BRLM 348D 5 1200 30 293 0.7
W.P. M308 M89 Memo Aug 45 1200 {30 1.97  1.29
25 317 1,18
Exp., 0.8.R.D. Dummy BRL 303
Type 1 1 1700 30  1.013?
Type 2 2 1700 30  1.008?
Type 3 3 1700 30 1,0179
*PA, lot B-T45-187 ** MG, lot 1
e. Rifling of 57mm Guns (2.244"
Gun _n-cal
Antitank Gun M1 30 |
Rifle T16E2 30
Rifle T15E3 20
Rifle T15E6-3 26
Rifle T15E® 25
Rifle M18 (T15E13) 30
4.90 N
r‘- . 4,48 -
e 2,96 < 2.52

k”ﬂ 5

/N

wll

PROJECTILE, A.P.C., 7T5MM, Mé1; B.D, FUZE M66A1

ALL DIMENSIONS IN CALIBERS
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[
2NR

SHELL, H.E., T5MM, M48; FUZE, C.P. M78
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755 et
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75MM H.E.A.T. SHELL M310; FUZE B.D,, M62
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12. 75mm Projectiles

a, Drawings.

b. Physical Characteristics

Projectile, Armor-plercing Capped, M81 (T12)
Shot, Armor-piercing, M72

Shot, Hypervelocity Armor-piercing, T27

Shot, Hypervelocity Armor-plercing, T45

Shell, High Explosive, M48 (T3E1)
Shell, High Explosive, Mark 1
Shell, High Explosive, M309 (T38)
Shell, High Explosive Antitank, M66

Shell, High Explosive Antitank, M310 (1'39)
Shell, Chemical, Mark 2

Shell, Chemical, M84

Shell, Smoke, T19 (Base Ejection)

Shell, Smoke (WP), M311 (T40)

Fuze, Base Detonating, MB6A1

Fuze, Base Detonating, M62

Fuze, Point Detonating, M38A2

Fuze, Point Detonating, M48 (T3)

Fuze, Point Detonating, M57

Fuze, Concrete Piercing, M78 (T105 Type 6)
Fuze, Mechanical Time, M43 (T12)

Fuze, Time and Superquick, Mb4

Fuze, Experimental, National Defense Research Committee

{Same contour as M43, M48, and M54 fuzes)
Fuze, Experimental, T81

Weight
Lb.

Projectile Fuze Std,  Meas,
A.P.C, M61 MBB8A1 14.90
A.P.C, M61 Plug 14.4
(same w/o0
windshield) Plug 13,42
(same w/o cap
or windshield) Plug ‘ 12
AP. M72 Tracer 13.94

H.V,AP. T27

4

cal.

75-2-291 and 328
76-2-306
TAM 108

76-2-381, 382
and 363

76-2-255
76-2-164
75-2-305

765-2-314 and 315
and 75-14-361

765-2-368
76-2-1T1
75~2-294

P-42291, 42292
and 42283

76-2-3T1
73-2-178
73-2-168
73-2-856
73-2-140
73-2-138
73-2-214
73728
73-3-164

A B

1b.ft, lb.ift.z




12. 75mm Projectiles (Con,)

Weight g A B
- Lb, No. of 5 2
Projectile Fuze 5td, Meas., Rounds cal,  lb.ft, 1b.ft.
HV.A.P, T45  Tracer 8.31 842 2 0.967 ,0455 0.1977
H.E. M48 M38AZ ‘ 14,86 17 2.044 .1239 1.542
H.E., M48 M43 14,70 14,99 18 2.043 .1280 1,523
H.E. M48 M48 14,70 2,087 1269 1.485
M48 Empty T81 14.7 8 2,04 approx,
H.E. M48 NDRC 14,78 5 1.918 1272 1.290
H.E. M48 M78 15,42 15.47
H.E. Mk 1 Hex, 12.37
Plug :
H.E. M309 M46 14.40 144 8
H.E, M30¢ M48 15,1 b
{Sim, W.P,
M311)
H.E.A.T. M310 M62 13.1
H.E.A.T. M66 M62 13.10 13.08 4 1.656 L1163 1.092
H.E.A.T. M86 T93 ) 13.20
Chem, M64 M48 16.41 14,85 5 1,940+ 1244 1.413
Chem, T19 Mb4 14,80 14,72 3 1.98 1255 1,388
¢, Drag
Obser - Proj. Form Veloeity
Projectile Fuze Report vation Type Factor fi/sec, ' KQ
AP.C. M1 ME6A1 K-I-8 Mar 44 Resist. 8 886 2000 147
A.P.C. M8l Plug BRL 284 Aug 42 Resist. 8 o .98 2000 A4
Same w/o } ' ) 1,04 1000 1386
windshield Plug BRL 284 June 42 Resist, 1 ‘99 1500 530
: : 1,03 2000 252
Same w/o cap 1,08 1000 139
or windshield Plug BRL 284 Tune 42 Resgist, -~ 1 1,17 1500 . L3004
1.26 2000 .308
A.P. M72 Tracer BRL 284 Aug 42 Resist, 5 1.41 2000 229
H.V.A P, T27 ' Memo June 43 Resist, 1 .923 1978 287
852 2774 181
HV.A.P. T45  Tracer {(Memo May 45 Time 6 1.11 2970 118
APG 471.121/50 Resist, 6 1.10 2940 118
H.E. M48 M78 ] K-I-89 May 44 Resist, 2 1,39 18556 .183

H.E. M48 M57 See graph
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12. 75mm Projectiles (Con.)

44

2

08

08

o4

o2

Obser - Proj. Form

Velocity

Projectile Fuze Report vaton ~ Type  Factor  ft/sec, XD
H.E. Mk 1 Hex. BRL 166 July 41  Resist. 1 1.47 2037 357
Plug BRL 166 Oct 41 Resist, - 1 1,11 1680 - .287
4B, Mk 1 Round) K-I-9 March 44  Resist, 1 0.84 1096 .148
Wood 1.24 1835 307
Plug
H.E, M308 M48 APG 474.1/87 Time 2 1.08 1000 077
HE, M309 M48 APG 474.1/67 Time 2 1,08 1000 076
{3tm. W.P, 311) ’
H.E.AT. M310 M62 APG 474.1/87 Time - 2 1.23 1000 087
H.E.A.T. M66  M82 BRL 284 May 43  Resist. 2 0.75 775 .050
) 0.98 091 069
H.E.A.T. MB8  M62 APG 471,822/1330 Reslst. 2 0.88 1000 .070
H.E.A.T. M68 T893 APG 471.822/1330 Resist. 2 0.96 1000 .088
Chem, Mk 2 Round] = BRL 284 June 42 Resist. 1 0.78 1085 137
Wood 1.24 1935 307
Plug
K] ' DRAG COEFFICIENT
N v8 MACH NUMBER
’ SHELL, HE., 75 MM, M48,
FUZE, PD,M57
THE FORMULA USED FOR CALCULATIONS
ATMUPTO3S1S:
- —06i1G2 .
Ko * 30.002,856 V
V « 34L46M(m/s)
fe 5.06 >
—»{.:w Mz.lzu———r-t—a.na—-hll‘«-t.m—h-
WAL A LV g
— Il
h_é"l Wil A a4 Z
748R
7.4
g
" s 2 2.4 28 a2 se

13 20 M
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12. 75mm Projectiles (Con.)
d, Stability

BRLM 89

No, of Velocity n K
Projectile Fuze Report Rounds ft/sec. cal. 5 M
H.V.A.P, T45 Tracer {(Memo May 45 2890 2890 25.586 144 1.682
ADG 471,121/50

H.E. M48 M3QA2 Q.P. 4982 4 208 25 1.32  1.77
H.E. M48 M39A2 O.P, 4982 3 1117 25 1,19 1,80
H.E. M48 M39AZ2  O.P, 4982 5 1480 25 1.34 171
H.E. M48 M3BAZ 0.P. 4982 3 2184 26 1.3¢  1.77
H.E, M48 M43 0.P. 4982 4 905 25 1,30 1.90
H.E. M48 M43 O.P. 4982 4 1113 25 1.31 1,87
H.E. M48 M43 O.P, 4982 4 1479 25 1.34 1,88
H.E. M48 M43A3  BRLM 203 4 1950 22 1.84 1.71
H.E, M48 M43 O.P, 4982 4 2190 25 1.44 1,71
H.E. M48 M48 BRLM 203 4 1950 a2 1.88 1,70
M48 empty T81 BRLM 104 3 1870 25.586 1.45

H.E.A.T. M8B6 M62 Memo Nov 44 4 1000 25,586 1.22  2.28
Chem. M84 M48 BRLM 98 : 5 1877 25.586 1.33

Chem, M64 M48 Memo Nov 44 b 1000 256,086 1,26 1,93
Chem, T192 Mb4 BRLM 38 3 1950 25.586 1.5 1,683
Chem. T19P M54 " BRLM 60 2 1500 26,686 1,01

Chem. T18¢ Mb4 3 1500 25.5686 1.468

83moke pellets held in place, either with adhesive tape and cement or with extra spacers and
emery paper {otherwise, large yaws were obtained),

bRevised 30 Apr 42; but chipboard tubes were left out and adapters were not staked. (The

smoke pellets apparently did not attain their full spin.)

cRevised 30 Apr 42, with spacers replaced by pasteboard rings glued to each end of the metal

smoke unit with a paper washer between them,

. Spin f. Pitch of Rifling of 75mm Guns (2,953")

Shell H.E. M48 Gun n-cgl.
Fuze N.D.R.C. Gun M1897 (French) and Modifications 25,588
'/d% 13.4 Tank Guns M2, M3 and M6 26,508
Report BRLM 297 Aircraft Guns M4 and M5 (T13E1) 25,508
No. of Rounds 5 Aircraft Guns M4 Modified, MBA1, and T13E1, ' 99
Cun T13E1 (n=22) Tubes No. 64609 and 64610
Muzzle‘ 2014 #/sec., Antiaircraft Gun T8 26,588

Velocity Gun M1920 MVINeo, 1 25
Reynold’s No, 2,30 x 108 Rifle T21 22
KA 0,005,87 Howitzers M1, M1A1, M2 and M3 20
C‘DF 0.001,75 Sub;\iglizrﬁ;xgs M1918 M IIALl, M7, M8 95.40
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ALL DIMENSIONS IN CALIBERS
1 CALIBER = 3.00"
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ALL MEABUREMENTS IN CALIBERS
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3.345
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13. 3-inch Projectiles

a, Drawings

Projectile, Armor-piercing Capped, M62 and M62A1
Shot, Armor-piercing, M7¢

/ s

gnn GO et 2 i /

PROJECTILE, F.8., 3-INCH, MARK 3
ALL DIMENSIONS IN CALIBERS

75-2-292
75-18-45 .

Shot, Armor-piercing Discarding-sabot, 76/48mm (APG Photo A8392)

Shot, Hypervelocity Armor-piercing, T4

Shot, Hypervelocity Armor-piercing, T4E1

Shot, Hypervelocity Armor-plercing, T4E17, T4E18 and
MO3 (T4E20)

Shot, Hypervelocity Target Practice, T24K1
(same contour as H.V.A.P, M93)

Shell, High Explosive, M42Al

Projectile, Mark 27 (with Dummy Nose Plug)

Projectile, Hluminating, Mark 256 (with Dummy Nose Plug)

Projectile, Armor-plercing, Mark 29, without windshield
or cap

Projectile, ¥F.5., Mark 8

Fuze, Mechanical Time, M43 (T12)

Fuze, Point Detonating, M48 (T3)

Fuze, Concrete Plercing, M78 (T105 Type 6)
Fuze, Base Detonating, MO6A1

Fuze, Experimental, National Defense Research Committee
(same contour as M43 and M48 Fuzes)

TAM 960
Rev. 17 July 44
TAM 1021

76-2-381 to
363

75-18-33
Fig. 17, NPG Report 3-45
Fig, 22, NPG Report 3-456

Fig. 24, NPG Report 3-45

Naval Bureau of Ord. 54758
T3-7-29
73-2-140
73-2-214
73-2-178
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13. Z-inch Projectiles (Con.)
b. Physical Characteristics

Projectile Fuze
A.P.C. MB2A1  MBBAl
AP, M79 Tracer
A.P.D.S.

76/48mm

HV.A.P. T4 Tracer
Same w/0

windshield:

with 1" rod

with 1/2" rod

HV.A.P, T4E1 Tracer
HV.A.P, T4E17 Tracer
H.V.A.P. T4E18 Tracer
H.V.A.P, M83 Tracer
HV.T.P, T24 Tracer
HYV.T.P. T24E1 Tracer
H.E. M42 M43
H.E. M42A1 M78
F.8. Mk 3 Base

Weight
Lb. No. of g A 9 B 0
Std. Meas, Rounds cal, 1b.ft. Ib.ft,
15.40  15.44 2 1.403  0.1169 0,7593
15,00 |
7.56 1 2.416 2.16 13.39
9.53 9,49 8 1,129+ 0.08021*  0.2970%
7,50 11
9.62 11
9.75 1,178% 0.05027%  0.3070%
9.31
7985 1 1,128  0.0395 0,172
9.31 947 4
9.23 4
9.31  9.31 2 1,118  0.0807 0.253
12.80  13.05 14 1.640  0.1106 0.8092
13.52  13.47 5§  1.546 0.1098 0.81086
13,00 ‘ 1.412¢  0.1091%  0.8580%

*Computed from dimensions on drawings,
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13. 3-inch Projectiles (Con.)

c. Drag

Projectile Fuze Report

A.P.C, M62 MBBA1 K-I-9 May 43
Memo Mar 43
Memo Oct 44

AP, M79 Tracer K-I-8 Aug 42

A.P.D.S. o

78/48mm} Memo Sep 44

HV.AP. T4 Tracer BRLM 317

Same w/o

windshield:

with 1" rod Memo Oct 44

with 1/2" rod Memo Oct 44

H.V.A.P. T4E1 Tracer BRLM 335

H.V.A.P. T4E17 Tracer Memo Oct 44

H.V.A.P. M93 None

H.V.A.P. M3 Tracer
HV.T.P. T24 Tracer
HV.T.P. T24E1 Tracer
H.V.T.P, T24El Tracer

APG 471/1440-57
APG 471/1440-79
APG 471/1440-79
APG 471/1440-57
APG 471/1440~-79

H.E. M42 Adapter| BRL 284
Mk 11,
Wood
Plug
H.E. M42 Large BRI 284
Wood
Plug
H.E, M42A1 M78 BRL 298
Mk 27 Dummy NPG 3-45
Nlum Mk 25 Dummy NPG 3-45
AP, Mk 20 NPG 3-45
w/o windshield
or cap
.3, Mk 3 Base BRL 2861
NPG S-72-4
(49)

Obser- Proj. Form Velocity
vation Type Factor ft/sec, ED
Resist. 6 1.06 2665 131
1968 L1569
2812 L1186
Resist. 1 1.05 2533 232
Resist, 8 1.31 3520 121
Resist, 2 1,22 3320 116
Resgist, 1 1.01 3742 201
Resist, 1 2.22 3283 449
Resist. 8 1,09 3266 L1086
Resist, 8 1.178 3337 112
Time 8 1,15 3031 .117
Time 8 1.165 3087 119
Time 8 1,183 3078 118
Time 8 1.12 3048 L1113
Time 8 1.145 3082 117
Resist. 1 1.18 2800 248
Resist, 1 2.12 2800 449
Resist. 8 1.7 9569 170
Resist. See graph
Resist. See graph
Resist. - See grapn
Atlr- See graphs
siream*
Under~
water
Traj.

*Measurements of the drag, torque and cross wind force were made with a wooden model of this
projectile in the same way as with the 8" Common Projectile (see par, 18 ¢), The yaw-drag
coefficient of the 3" Projectile, valid for yaws from 0 to 55°, is 0.00250 per deg2,
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* WITH DUMMY NOSE PLUG
x::OI:: SCALE, MODEL
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00
K 08 (-] L4 G %__ &S 30 A5 4.0
DRAG COEFFICIENT
vs MACH NUMBER
0 PROJECTILE, ILLUMINATING, 3-INCH,
MARK 25 WITH DUMMY NOSE PLUG
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o At 33 % 1,39 wrmemmieresiptn, O = . . @ i
4,5‘OR 732R
= 3
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R ,. by &}“:\_‘mﬁ - j
05
00
0s 1o 15
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PROJECTILE, AP, 3-INCH, MARK 29
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MOMENT COEFFIGIENT
vs YAW
PROJECTILE , F S., 3INCH,MARK 3

AIR SPEED 45 FT/SEC

Koq SIN {h

-0

N\

-0

a*

0 ao* § 0o~ Qo+ Q*
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CROSS WIND FORGE GOEFFIGIENT vs YAW

PROJECTILE F S,3 INCH, MARK 3
AIR SPEED 45 FT/SEC

/

/1
\
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13, 38-inch Projectiles (Con.)

d. Stability

Projectile

A.P.C. MB2A1

ARPDS. |
76/48mm

H.V.A.P, T4
H.V.A.P, T4El
H.V.A,P, T4EL7
HV.T.P. T24
H.V.T.P. T24El
H.E., M42

H.E. M42B2
H.E, M42A1
H.E. M42A1

Fuze

M#8BBA1

Tracer
Tracer
Tracer
Tracer
Tracer
M43
M48
M48
Mm78

F.8. Mk 3

e, Spin

Shell

Fuze

st/d?

Report

No, of Rds.

Gun

Muzzle Velocity
Reynold’s No.

K A

4
Cpr

Base

H.E. M42
N.D.R.C.

10.7
BRL 408

4

3" M3 (n = 40)
2800 ft/sec
2,75 x 108

- 0,005,856

0.002,18

Report
Memo Oct 45

Memo Nov 44

BRLM 317
BRLM 335

ADG 471/1440-79
APG 471/1440-57.
0.P. 4684

BRLM 2983

BRLM 293

BRLM 208

BRL 261

No, of Velocity
Rounds ft/sec,
2 2460
1 3500
3400
8 3400
3440
3420
3300
2 2800
8 1800
6 1550
4 2800

n

cal,

40
32

40
40
40
40
40
40
40
40
40

See par, 13c and graph

8

1,05

1.4-
2.0

1.07
1.25
1.44
2.32
1.3

1.30
1,39
1.45
1.57

f, DPitch of Rifling of 3-inch and 76mm Guns

Ky

1.44
{ 77
-.80
2.45
0.77

0.925
#0.94
0.89
0.91
0.88
0.79

{The caliber of all these guns is 3.000 inches)

Guns n~ci!
3" Antiaircraft Guns M1917 and modifications*, M1918
and modifications*, M1925M1, M1, M2, M3 and M4 40
‘3" 16~pounder Guns M180Z and M1903 25
3" Antitank Gun M5 - 40
3" Tank Guns M8 and M7 40
76mm Tank Guns M1 and M1A1 40

T6rmm Tank Gun M1AZ2

*Some Guns of these models were origlnally rifled with a pitch
of 25 calibers, : :
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SHELL, H.E,, 80MM, T15; FUZE, DUMMY, M44A2

~ 353 ! —-

pp—— {73 -\—-ﬁ-“——l."@ e
=50 1241
- !
& | [
M L o
A4
r— 14 -! r-e-/L 1.4 4~ '
367 oo

7
895 R
/\’95

t

SHELL, H.E., 90MM, M58; PLUG, CLOSING, 75-14-300E

L

35 3

P




81

14, 90mm Projectiles

a. Drawings

Projectile, Armor-piercing Capped, M82

Shot, Armor-pilercing, M77
Shot, Armor -piercing, T33
Shot, Hypervelocity Armor-plercing, T30E11
Shot, Hypervelocity Armor-plercing, T30E12

Shot, Hypervelocity Armor-piercing, T30E14
(Approximately the same contour as T30E15)

Shot, Hypervelocity Armor-piercing, T30E15

Shot, Hypervelocity Armor -piercing, M304 (T30E18)
{Approximately the same contour as T30E15)

Shot, Hypervelocity Armor-piercing, T38ESL (2.215-inch shot
with gabot)

Shot, Hypervelocity Armor -piercing, T44

Shot, Hypervelocity Target Practice, T45
(Same contour as H,V.A.P, M304)

Shell, High Explosive, M58 (T3)
(Same contour as H.E., M71)

Shell, High Explosive, M71 (T8)

Shell, High Explosive, T16

Fuze, Base Detonating, M68

Fuze, Mechanical Time, M43, M43A1, M43A2, and M43A3
Fuze, Point Detonating, MA48

Fuze, 21-second Antiaircraft, Mark III

Fuze, Dummy, M44A2

Fuze, BExperimental, National Defense Research Commitiee
(Same contour as M43 and M48 Fuzes)

Plug, Closing

76-18-486, 47
and 51

75-18-44
75-2-388

TAM 1238

75-1-234

75-2-384 & 386
75-14-538

75~-18-39

76-18-42

TAM 20
73.2-181 and 182
73-7-29
73-2-140
73-3-111

72-5-2

75-14-309E
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14, 80mm Projectiles (Con.)

b, Physical Characteristics

Projectile
A‘PQCC M82
AP, M77
A.P, T33

H.V.AP.
T30E11

H.V.A.P.
T30E12

HYV.A.P.
T30EL4

HV.A.P,
T30E15

H.V.A.P, M304
HV.A.P, T38ED
HV.A.P, T44
H.V.T.P, T4
H.E, M68

H.E., M58

H.E, M71

H.E. M71

Inert M71

H.E. T16

‘Fuze

M68
Tracer
Tracer

Tracer

Tracer

Tracer

Tracer

Tracer.

Tracer
Tracer
M43
M48
Mk, I
M43
M43
M44A2

Welght
Lb. No, of
Std Meas Rounds
24.11 24,12 20
- 23.40 23.27 10
24.08 24,01 6
14.48 4
17,38 1
15,6
18.62 1
18.80 16,78 7
. B.28% 1
16,78 8
16.80 8
21,00 20.61
21.00 20.85 10
23.40 _
23.40 23.19 8
A 23,19 10
23.6 23.6 8

1,241

1,206

1,168

1.490%

1,142
1,789
1.786

1.742
1.736

ib,1t,

- 0.2476

0.1610

0,1380
0‘.0286*

0.1961

- 0.2628

0.2628

0.2763
0.2761

1b.1t.

1.320

0.798

0.662

0.1526+

0.6647
2.489
2.472

2,627
2.811

*These values pertalin to & projectile without the sabot, as in ﬁight. The base diameter
was 2.210 in. The body dlameter was 2,199 in, The caliber iz considered 2.215 in,
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14. 90mm Projectiles (Con.)
¢. Drag

Proj e;:tile Fuze

A.P,C. M82 M88
AP.C. M82 M68
A.P.C, M82 M88
AP.C. M82 M68
AP, M77 Tracer
AP, MT7 Tracer
AP, T33 Tracer
A.P, T33 Tracer
AP, T33 Tracer
AP, T33 Inert

Tracer
A.P. T33} None
w/o plug

"H,V.A.P, T30E1l Tracer
H.V.A.P. T30E12 Tracer
HV.A.P. T30E14

HV.A.P. T30E15S Tracer

H.V.A.P. M304 Tracer
HV.A.P. T38Eb Tracer

H.V.A.P. T44 Tracer
H.V.T.P, T4bH Tracer

H.E., M58 {Plug, BRL 284 Nov 42
Closing
H.E, M71 Mk III  {BRL 284 May 43
Memo May 43
H.E. M71 ~ M43A3  BRL 507
H.E, T15 M44A2  K-I-9 Mar 44

*The drag of the T30E11 Shot was probably increased by rough contours and large yaws.

Report

BRL 284 May 43
Memo May 43

Memo Aug 44

MR347D Jan 45
MR347D Jan 45

Memo Oct 42
Memo Aug 44

Memo Aug 44
MR347D Jan 45

APG 471.9/18-
5168

APG 471.9/13-
5168

APG 471.9/13-
5168
Memo Dec 44

Memo Dec 44
Memo Dec 44
MR347D Jan 45

APG 471.91/1
Memo Jan 45

Memo May 45
APG 471.91/1

J

)

See graph

Obser- ‘Proj. Form Velocity
vation Type Factor ft/sec.

Reslst, 8 .90 2000
2650
Resist, 8 .01 2640
.97 2820
Resist. 7 1.06 3017
Time 7 07 3240
Resist, 1 1.19 2687
Resist. 1 1.25 2621
Resist, ] 1.01 2668
Resist, 7 1.06 3029
Time 7 L9656 2603
Time 7 .98 2698
Time 7 1.00 2605
Resist, B 1.60% 3556

‘Resist, 8 1.26
Resist, 8 - 1.52 3430
Resgist, 7 1.23 3316
1.28 3871
Time 8 1,18 3262
Resist, 7 2,20%* 3628
» 1.48%* 2607
Resist, 1.32 3700
Time 1.18 3257
Resist, 2.3b 2628
Resist, b 1.32 2200
2700

Range

Resist, 7 1.38 3340

it

.135
.108

110
110

107 -

L0956

.280
272

121
.108
108

.108

A10

203
0180

132

**The T38ED Shot may have had large yaws: only 2 rounds were fired at each velocity, A form

factor of 1.51 was obtained from range firings,
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14. 90mm Projectiles (Con.)

180

140

040

SHELL,H.E,.90MM, MT!
FUZE,MT.,M43A3

SEE BRL REPORT 307 FOR
EXPERIMENTAL BASIS

DRAG COEFFIGIENT !
vs MACH NUMBER

4.58

78—, 34 fmt, 15— 1, 30—

[ 1.08—>

BRL 238

(M=2.385)

8.96R
b
K +] .80 1.0 16O M 200 240 260 320
d. Stability
No, of Veloeity n K

Projectile Fuze Report Rounds ft/sec.  cal 5 M
A.P. T33 Tracer BRLM 336 2700 32 212 1,24
H.V.A.P. Tracer Memo Dec 44 8 3300 32 1.30 1.32
T30E12
HV.AP.
T30E15 MR347D Jan 45 2 3325 32 1.7 1.0
gggg‘gp . Tracer  Memo Jan 45 2 3700 32 161  0.86
HV.T.D. T46  Tracer APG 471.91/1 8 3330 32 3.85 0.28
H.E. M58 M48 BRL 150 8 1920 20 272 1.38
H.E. M58 M48 BRI 166 8 2800 30  1.62 1.11
H.E. MT71 M43 9 2705 32 1.32 1.25
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14. 90mm Projectiles (Con,)

e. Spin 1. Pitch of Rifling of 90mm Guns (3.543")
Shell H.E. M71 Gun n-cal
Fuze N.D.R.C, Gun Tl 20
8/q2 11.9 A.A, Gun T2 30
Report BRL 408 A.A. Guns M1, M1Al and M2 32
No. of Rds. 4 Gun M3 32 .
Chun M1 (n = 32)

Muzzle Velocity 2700 ft/sec
Reynold’s No. 2,95 x 108
KA 0.0059
1]
C DF 0.00198
— 4.82 >
-3} 4.48 >
-~ 2.50 >
—1.05 -
el W 10 80—
3| s34~ 17[+=59 *HT 2.02 -
. \:"“'-4
o \
AN
¢ N
|

L
T~

SHOT, A.P.C,, 106MM, T13E2; FUZE, B.D,, M66A1

ALL DIMENSIONS IN CALIBERS
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L

368

B0 ———ed

L52
.62 ‘
—o 07
020w PO+

H

218

‘1

SHOT, H.Y.A.P., 100MM, T20E4

SHELL, H.E., 106MM, M1; FUZE, P.D,, M48

~1ha9

p— .74

&
oy
j_/
- £4 ™

wve '

B‘L‘
T

8178 }} | .
_M g

-waqjea;-e e 140 —— i | 44— 908 —

m—.ro—-»icqn— L 2 =t
- 377
< 4.678 >

- S8HELL, H.E., 105MM, M1; FUZE, C.P., MT8

ALL DIMENSIONS IN CALIBERS « #




-

87

s

4.268
338 208
2.07 128
»-07
Kn 20 +ter2 hzoj
1T T e
[T
&
&
Ay
SHELL, H.E., 105MM, T30E1; FUZE, P.D,, M51A4
"-—M.'d-'
o
e ’
.49 025k
e 0.74
»oge-
377 "
= 3.79 >
SHELL, H.E., 106MM, M1; CIRCULAR PLUG
253
3165 A5
[— A9 172 1 93
o5 }
b 74—l 19
| |
| e _&"*"-«..&

8_3’3?

\/ |

-
7 _

SHELL, SMOKE (B.E.), 105MM, M84; FUZE, T, 8Q. M54

ALL DIMENSIONS IN CALIBERS
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-4 4.62

- : 3.72~

-+ 2.84—
—» 39 19 T

B8 —m

49
4 e
o
] 81{ b 2 o]t B
- P - * Q9 & -
. b ~
2.67 2.00
4.47

SHELL, R.E.A.T,, 106MM, M7

- 1.68

218

e » 5.51

SHELL, H.E.A.T., E81, FOR 4.2 INCH CHEMICAL MORTAR; FUZE, B, D., M62A1, MODIFIED

ALL DIMENSIONS IN CALIBERS

L

A

]

Fal
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15, 105mm and 4.2~inch Projectiles
a. Drawings

Shot, Armor-piercing Capped, T13E2

Shot, Hypervelocity Armor-piercing, T20E4
Shell, High Explosive, M1 |
Shell, High Explosive, T30E1

Shell, High Explosive Antitank, M87

Shell, High Fxplosive Antitank, M67El (Same contour
as M67)

3hell, Chemtical, M60 (Same contour as H,E. Shell M1)
Shell, Smoke (BE), M84

Shell, lluminating (BE), M314 (T16) (Contour similar
to Smoke Shell M84)

Fuze, Point Detonating, M48
Fuze, Point Detonating, M51A4
Fuze, Time and Superquick, Mb4
Fuze, Dummy, M59 (same contour and welght ag M48)
Fuze, Concrete Piercing, M78 (1105 Type 86)
Fuze, Base Detonating, M62
Fuze, Base Detonating, MB8A1
Fuze, Dummy, T121 (base plug with red tracer)
Shell, High Explosive Antitank, E81 (4.2" Chem, Mortar):
Design Study
Ogive, Unlon and Cone
Body
Cartridge container
Striker nut
Pressure Plate

Rotating Disc
Driver E21R1 (Comes off in bore)

b, Physical Characteristics

Bethlehem Steel Co,

14017A
75-4-149, 150 & 161
75-4-75
75-4-163

75-14-352, 75-4-106
and 107

76-4-91
76-4-105

75-1-229

73-2-140
73-2-145
73-3-154
72-5-5

73-2-214
73-2-168
73-2-178

TAM 1750
75-4-107 :
C8-13-190 (CWS)
E111-8-4 (CWS)
E111-6-5 & 8 (CWS)

"E16-13-11 (CWS)

E16-13-20 (CWS)
B111-8-3 (CWS)

Weight

‘ " Lb, No. of A 9 B 9
Projectile Puze Std  Meas Rounds cal, " lb.ft. b, ft,
AP.C. T13E2 MB6A1 41.00 40,99 8 1.442 0,611 3,88
H.V.A.P. T20F4 Tracer 24,60 '24.60 5 1,180 ‘ ) 0,288 1.418 -
H.E. Ml Mb4 33.00 33.00 1 1.739 0.bb4 5.345
H.E. M1 M5B9 33.00 32.87 5 1,749 0.5506 5,399
H.E. M1 MT8 33.72 '38.82 ‘
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15, 105mm and 4.2-inch Projectiles (Con,)

Projectile

Fuze
H.E.A.T. M87 M62
H.E.A, T, MB7E1 M62A1
H.E.A.T. M67  T93
Inert loaded
(practice) M87 T121
H.E.A.T. E81 M6B2A1
Mad,
Chem, (WP)
Smoke (RE)M84 M54
Tluminating(BE)
M314 Mb4

*me base of shell without projections.

¢, Drag

Projectile

H.V.A,P, T29E4

H.E. M1
H.E. M1

H.E. M1
H.E, M1

H.E. M1

‘H.E, M1

H.E. TSOE1

H.E.A.T. M67
H.E.A.T. M67

Practice M67
H.E.A.T, M87

Fuze

Tracer

M48
M78

M48.
M48

ICircular
Plug

JHex.
fug | -
MblA4

M82
Me2

T121
T93

}

Weight A B
Lb. No, of 9 9
- Std,  Meas, Rounds cal. lb.ft, Ib.it,
29,22 28,88 4 1.495 0.5086 4,108
29.04 3 1.486 0.5112 4,123
29.23
29.00 5 1.492 0.513 4,188
24,24 1.576% 0.4278 4,086
34,31 33.82 3 1.707 0,658 5.585
32.87 32,08 3 1.687 0.529 4,33
36.46 3 1.824 0,831 5.47
. Obser-  Proj. Form  Velocity
Report vation Type Factor ft/sec, K_D
MR 411 Time 8 1.12 3358 1.07
BRL 1668 Nov 41  Resist, 5 1,02 1650 177
K-1-9 Mar 44 Resist, 5 ’ 0.93 1519 181
Resist, See graph
BRL 338 Alr
Stream* See graph
BRL 284 Resist. b 0.7¢ 850 .048
1.05 1020 078
1,37 1560 237
BRL 284 . Resist, 5 1.29 850 .078
{0.71 1020 063
1.23 15560 213
MR 4i1 Time 8 04 2930 107
: 0,98 2286 ,128
Memo Nov 42 Resist, 2 1.08 1018 L0178
Memo Oct 44 Resist, 2 1.07 1241 172
Memo Oct 44 Resist. 2 1,06 1239 .169
ADPG 471.823/ Resist. 2 1,04 1250 .187
1380

*The drag, torque and cross wind force of a wooden model of the H.E, Shell M1 were measured by

the Bureau of Standards in an air stream with a "Standard air speed" of 46 ft/sec and a "Standard
air density" of 0,0785 1b/ft3, The drag coefficient, moment coefficient (relative to the center of
gravity of the actual projectile) and cross wind force coefficient shown on the following graphs
were deduced from the air stream measurements and smoothed, The yaw-drag coefficient, ap-
proximately valid for yaws from 0° to 85°, is 0.00414 per deg.2
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DRAG COEFFICIENT
vs MACH NUMBER
105 MM SHELL, H.E. Mi
FUZE,PD,M48
— 4,075 >
14 a1 P | A 44—, B OB —
oty st %
ol | 637!! T‘\,\
K ot L
C1 S—— e
o Vi S
¢ NEG =% SN
-mm‘* . il
o Pt |
o8 =5 g _:.//
o
o 23 .80 ;3 W0 oM e L5 178 2.0 2.25 2.3
DRAG COEFFICIENT vs YAW
SHELL H.E. 105 MM, Mi
FUZE B D. M48
AIR SPEED 45 FT/SEC
20
Kp
16
// ’ \\
8 / \\
)

o 20"

40° "

0%

80° % 100" 120° 140

160” 8o




' MOMENT GCOEFFICENT vs YAW
SHELL,H.E. 105 MM, M
FUZE, PD. M48

AIR SPEED 45 FT/SEC

. e - P

L \| /

\

P

o go* a0 0 sr ¢ 100e 1200 140° 180 180*
CROSS WIND FORCE COEFFICIENT vs YAW
SHELL H.E 105 MM, MI .
FUZE P D. M48
120 ) AIR SPEED 45 FT/SEC
80 v
/

-120

] 20* “0* 0" aor S ©00* 20" 140" 180* wo*
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et

15, 105mm and 4.2-inch Projectiles (Con.)

. d. Stability
No. of Velocity n
Projectile Fuze Report Rounds ft/sec. cal
A P.C. T13EZ M66A1 ‘2800 30
HV.A.P, T20E4 Tracer MR 411 5 3700 30
HE, ML M54 Memo 1 2675 30
H.E, M1 M50 BRLM 265 7 1550 20
Dummy!

H.E.A. T, M67 M62 1 778 27
H.E.A.T. M67 MB2 3 1285 27
H.E.A.T. MB7El MB2Al 3 1285 27
H.E.AT. EB1 M62A1} APG 471,381/33 5 870 20

(4.2" Mortar) Mod,
Chem. (WP) MB0 M48 3. 1230 27
Bmoke (BE) M84 M54 1270 27

Illuminating (BE)

M314 } M54 3 1226 27

*Saee par, 156¢ and graph.

A
T e. Pltch of Rifling
Caliber an

Cannon in. cal
Gun (A.A.) 106mm, M3 , 4.134 30
Gun (A.A.) 105mm, T4 (L.H. twist) 4,134 30
Gun, 105mm, THEL and T8 4,134 30
How., 105mm, M2A1, M3 and M4 4.134 20
How,, 105mm, M2A1E3 4,134 27
Mortar, Chem., 4.2", E34R1 4,200 20

- 1.82

2.01

1.3
2.69

1.13
141
1.18

1.42

1.16
1,568

1.98

1,67
0.88

1.28
1,41*

2.07
1.88
2.00

1.21

1.78
1.52

1.37
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SHELL, H.E,, 4.6", M85 WITH P.D, FUZE M51A1

i 2.472

e | § G 2 iy

S8HELL, K.E., 4.6-INCH, M6%; FUZE, C,P., M78

4272

SHELL, H.E,, 4.6-INCH, M65; PLUG, CLOSING, 76-14-309E

ALL DIMENSIONS IN CALIBERS
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16, 4.5-inch Projectiles

a. Drawings
Shell, High Explosive, M65

Fuze, Point Detonating, M48
Fuze, Point Detonating, M51

Fuze, Concrete Plercing, M78 (T'105 Type 8)

Plug, Closing
Plug, Circular

76-2-297
73-2-140
73-2-14b
73-2-214
75-14-309E

Fuze, Experimental, National Defense Research
Committee (same contour as M48 and Mbl Fuzes)

b, Physical Characteristics

No, of € A B

Rounds cal  Ibt® bt

Welght
Lb
Projectile Fuze Std  Meas
H.E. M65 M48 656,00 54.99
H.E. M85 M51 §5.00
H.E. M66 M78 - 856,72 85,76

4 1.837 1.004% 10.79%

5 1,858  1,187%  11.45%

*These values appear to be erroneous when compared with the moments of inertia

of other H.E, Shells (See BRL MR 285),

¢. Drag
Obser - Proj. Form Velocity K
Projectile Fuze Report vation Type Factor ft/sec, D
H.E. M65 M48 BRL 284 Aug 42 Resist. 2 1.05 1808 141
0,99 2262 114
H.E, M85 M78 ~ Memo Mar 44 Resist, 2 1,18 2245 136
H.E. M85 Plug, Memo June 42 Resist, 2 1.87 1798 295
‘ Closing 1.82 1998 221
1.96 2268 224
v : 1.92 2269 220
H.E, M85 Circular| BRI 284 Resist. b 1.38 1842 233
Plug
d, Stability
Pitch of Rifling: 25 calibers
No. of Velocity K
Projectile Fuze Report Rounds ft/sec, 8 M
H.E. M85 Mb51 BRLM 285 8 2275 2,00 1.33
H.E. M85 M78 BRLM 285 5 2270 1.7 1,99
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16. 4.5~-inch Projectiles (Con,)

e, Spin

Shell

Fuze

8'/a2

Report

No. of Rds,

Gun

Muzzle Velocity
Reynold’s No.

Ky
[ ]
Cor

$.09

H.E. M86
N.D.R.C.

13.1

BRL 408

3

M1 (n = 25)
2275 and 1820
3.59 x 108
0.00536

0.00183

346

l-*—————— 64 e

[ .32 —

s | G %

295

e end

SHELL, H.E., 120MM, M73; FUZE, M.T., M61

ALL DIMENSIONS IN CALIBERS
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17. 120mm Projectiles

SHELL, H.E,, 120MM, MT73; PLUG, CLOSING 75-14-309E

a. Drawing

Shell, High Explosive, M73 (T5)
Fuze, Mechanical Time, M61 (T31E2)

Plug, Closing

of this fuze has the same contour ag the M6l

Fuze.)

s s e BT e
bt ¢ s g e s ]
i“"“_‘ 184 T
it B
i la-87 4t NS J—
[+-30
: e | 43 —,
N :{,N P ] ~
1’;;" i T_
1
hw_ﬁ_w—a R I it

75-18-40
73-7-T1

75-14-308E
Tuze, Experimental, T75E8 (the plastic cap

b, Physical Characteristics

Projectile
Fuze
Weight: Standard

Measured

No, of Rds.
g (7.90"

A

B

c. Drag

Projectile

Fuze

Report
Observation
Projectile Type
Form Factor-

Veloclty

p

H.E. M73
M.T. M61
50,00 1b.
49,76 1b,

10

1.681 cal
1,072 1b.1t.2
8.550 1b.ft,2

H.E. M73

Plug, Closing
BRL 284 Aug, 42
Resistance

1

1.18

3000 ft/sec

.244

1T

{1

U

ALL DIMENSIONS IN CALIBERS

d, Stability

Shell H.E. M73

Fuze M.T'. M61

Report BRL 237 (Rev. July 41}
No. of Rds. 10

Velocity 3040 ft/sec

Mach No. 2.643

Cannon 8" Gun M1900 with

4,7" liner T2

Caliber 4.700 in.

n 25 cal

s 2.84

KM 1.08

e, Spin

Shell H.E, MT73
Fuze T75E6
s'/d% 12.2
Report BRL 569
No, of Rds. 10
Gun 120MM M1
Caliber 4.700 in
n 30 cal
Muzzle Velocity 3010 ft/sec
Reynold’s No. (1,12 10 3.99) x 1{‘}6
K, 0.00482 ‘
c' 0.00158

DF
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18. 8-inch Prajeetﬂes

- 3783 - Iy
LOT5 e | 808 - -
vl | Tobg. 3 3Im ' .
S L ]
PROJECTILE, COMMON, ¢", MARK 20
‘8. Drawing . »
Projectile, Common, Mark 20 Naval Bureau of Ord. 67012

b, Physical Characteristica

Projectile Common, Mark 20
Welght* 1033 1b

g 1,633 cal

A¥* 8.364 ib.ft2

B* 24,85 1b,1t2

*Compuied 1roni dlmepsions on drawing,

¢. Drag, Moment and Cross Wind Force:

The drag, torque and cross wind force of a wooden model of the
Navy 8" Common Projectile were measured by the Bureau of Standards
in an air stream with a "standard air speed”" of 45 ft/secand a "standard
alr density" of 0.0786 1b/ft3, The results are given in BRL Report 261,
which also includes data taken from the Naval Proving Ground Report
§-72-4{48) on underwater trajectories, The drag coefficlent, moment
coefficlent (relative to the center of gravity of the actual projectile) and
eross wind force coefficient shown onthe following graphs werededuced
from the air stream measurements and smoothed. The 2yaw -drag coef-
ficlent, valid for yaws from 0 to 55°, is 0.00326 per degé.

P




-

+ 3

929

\\ PROJECTILE, 6 INCH, COMMON,

DRAG COEFFICIENT vs YAW
MARK 20

e

\

(AR SPEED 45 FT/SEC

\

\

o ool 40* B0 80 S 100* 20" 140* 160" 180
» MOMENT COEFFIGIENT vs YAW
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CROSS WIND FORCE COEFFICIENT
vs YAW

PROJECTLE, 6 INCH, COMMON,

MARK 20
AIR SPEED 45 FT/SEC
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ALL DIMENSIONS IN CALIBERS
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SHELL, H.E., 155MM, MARK I; WOODEN PLUG
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)
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SHELL, H.E., 155MM, MARK 3; FUZE, P.D., M48

ALL DIMENSIONS IN CALIBERS
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19. 155mm Projectiles

a, Drawings
Projectile, Armor -plercing, M112, M11281 and M112B2 A 75-4-101
Shot, Hypervelocity Armor -plercing, T35 TAM 1417 &
1412
Shell, High Explosive, Mark 1 : 75-4-25
Shell, High Explosive, Mark 3 76-4-36
Shell, High Explostvs, M101 (T2) . ; , 75-4-80
Shell, High Explosive, M102 76-4-82
Shell, High Explosive, M107 76-4-99
Shigz’-t?ilg;eﬁggltﬁs;’, Eggg)l (with the 3-1/2 inch increment T 2;,? 458 &
Shell, High Explosive, T36 TAM 1433, 1434 &
‘ 1828
Shell, Chemical, Mark 7Al 75-4-86
Shell, Nluminating, M118 (T21) . TAM 72
Shell, Mluminating, T22 ' TAM 72
Adapter-Booster, Mark IITAl (Adapts H.E. Shell Mark 3 to . 73.1-55
P.D. Fuze M46)
Fuze, Point Detonating, M46 73-2-126
Fuze, Point Detonating, M48 73-2-140
Fuze, Point Detonating, M51, M51A1 and M51A2 73-2-145
Fuze, Point Detonating, M57 (T18E2) 73-2-138
Fuze, Experimental, National Defense Research Committee
(same contour as M48, Mbl, MbH7 and Mb9 Fuzes)
Fuze, Concrete Plercing, M78 (T105 Type 6) ) 73-2-214
Fuze, Dummy, Mb9 ' 72-56-5

Fuze, Mechanical Time, T17 (same contour as M.T, Fuzes M43
& M67, P.D. Fuzes M48, M51 & MbE7, etc.)

Fuze, Base Detonating, M60 73-2-74
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190. 185mm Projectiles (Con.)
b. Physical Characteristics

o)

.152
139

136
.132

092

A0
.207
.260

132
127
122
0112

Weight
Lb. No, of € VA 2 B 2
Projectile Fuze Std  Meas Rounds cal  1b.it, 1b.ft.
AP, MI112B2 - MBO0 100 - 98.54 19
H.V.A.P. T35 : 56.60 1
HE. Mk 3 M48 - 94.7 93,56 10 1,586 3,349 - 20,73
H.E, M101 M48 96.0 93.76 20 1.638  3.434 28.88
H.E., M101 MB1A1 96.0 95,04 21
H.E, M101 M78 96,72 95,02 5 1.552  3.35 30,80
H.E. M107 Mb1 96.0
H.E. T24E1 M48 57,70
calculated from design
H.E. T36 M48 56.00 1.002  1.038 10.72
Same w/o clip  M48 56,00 1.002  1.938 10,72
w/ °c§;m‘“‘“g M48 53.53 1,108 1,938 1038
W/o “"‘*‘“‘“9} Md8 53.53 1103 1.938  10.38
cap or clip * . . .
W/o cartridge
contalner, re-§
tatning cap or | M48 61.84 1166 1,032 0.01
clip Meas,
Chem, Mk 7TA1  M57 94.83 96.68 20
(HS)  (Stmulated HS)
Nlum, M118 M60 103.06 101.44 1 1.413  3.78 23,80
Mlum, T22 T17 102.18 1 1.408  3.83 26.41
c. Drag o
Obser~ Proj, Form Velocity
Projectile Fuze Report vation Type  Factor = ft/sec,
A.P. M112B1 M80 Memo Jan 44 Resist, 8 - 0.88 1453
A.P, M112 M860 Memo Jan 44 Resist. B 0.88 1815
AP, M112B2 MB80 K -I-9 Mar 44 Resist, 8 0.91 2037
A.P, M112B2 M80 Memo Feb 44 Resist, 6 0.91 2341
H.V.A.P, T3b Memo May 45 Time 8 1.03 3630
H.E. Mk 1 Wood BRL 1688 Nov 41  Resist. 5 0.98 1082
Plug ' 1.21 1357
1.45 1478
H.E. M101 Mb1A1 K-I-9 Mar 44 Resist, 5 .80 1961
Memo Feb 44( B0 2080
BRLM 287 .84 2398
0.88 2719
H.E. M101 M78 BRLM 287 Resist, b 0.88 2306

.128

-
»

3
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19, 155mm Projectiles (Con.)

Projectile Fuze

H.E. M101 Mb51A1
H.E. M102 Hex.
Plug
H.E, M107 M5l
H.E. T36 M48

Same w/o clip  M48
W/o retaining M48
cap
;W/o retaining M48

cap or clip
fW/0 cartridge  M48
Yzontainer, re-
aining cap, or
clip

H.E, T36 M48
w/o clip

W/o retaining M48
cap or.clip

W/o cartridge M48
container, re-
taining cap or

clip

Mum, M118 M58

Nlum, T22 T17

Obser~ Proj. Form Velocity
Report vation Type Factor {t/sec,
BRL 16 & 338 Alr See graphs
Stream*
BRL 168 Nov 41 Resist, b 1.28 1995
Memo Jan 44 Reslst. 2 0.93 872
1.04 1013
1.00 1208
1.11 1511
1.23 1844
N.B.S. VI-4/684 Wind 1 0.771 100
Jan 45 tunnel 1 0.8086 100
APG 471.151/555 {full { 1 0,840 100
and Bb7 scale, 1 0.844 100
wooden
plug 1 0.704 100
These values are for 0° yaw; see KD curves
Mach
No,
BRLM 361 Wind 1 0.40 0.6
tunnel 0,30 0.8
2-in 0.33 0.9
models
1 0.31 0.8
0.28 0.8
0.31 0.9
1 0.44 - 0.8
0,35 0.8
0.37 0.9
These values are for 0° yaw,
Velocity
Memo Apr 44 Resist, 6 0.935 840
1.02 969
Memo Apr 44 Resist. 8 1.1 1439
1.13 1988

E

.208

081
078
161
187
162

0758
0791

.0e2g
0832

.0681

,032
030
D44

.06
029
042

036
038
050

078
.08y

192
180

*Measurements of underground trajectories of H.E. Shell M101 are given in BRL Report 18,
The drag, torque and cross wind force of a wooden model were measured by the Bureau of
Standards In an air stream with a "standard alr speed" of 45 ft/sec and a "standard alr den-
sity" of 0.0765 1b/ft3, The drag coeificient, moment coefficient (relative to the center of
gravity of the actual projectile) and cross wind force coeffictent shown onthe following graphs
are smoothed results deduced from the air stream measurements of the model placed in two
opposite orientations. The yaw-drag coefficient, approximately valid for yaws from 0 to 55°,

ig 0,00508 per deg2.
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i#, 155mm Projectiles {(Con.)

d. Stability, .
Pitch of Rifling 29.89 calibers (Angle 8°%)

No, of Velocity * Mach

Projectile Fuze Report Rounds ft/sec. No, 5 EI\A
H.E, Mk 3 M48 BRI, 182 5 1929 1.688 1.41 1.22
H.E. M101 M48  BRL 162 7] 1934 1.685  1.28  1.38
7 2415 2.132 1.41 1.21
H.E. M101 M78 BRLM 287 6 2410 1.48 1.08
H.E. Ml101 M51A1 BRL 16 & 338 See par, 18c and graph
H.E, T24E1 M48 Memo Dec 44 ( a72. 1.31 0.72
Chem. Mk 7A1 6} 1967 1.801 1.32
(Simulated HS) M7 BRL 217 5 2443 2.243 1.44
Pitch of rifling 30 calibers
H.E. T38 M48 N.B.S, VI-4/64 Full 100 1,23 1.22
Same w/o clip M48 Jan 456 scale 100 : 1,33 1.13
w/ D;':;a‘“‘““ M48  APG 471.151/565 m‘ﬁfl 100 .32 118
W/oretaining g - wind 100 o182 117
cap or ¢lip tunnel
W/o cartridge M48 100 2.47 0.72
container, re-
taining cap or These values are for 0° yaws; see K curves,
M
clip
H.E. T38 M48 BRLM 361 2-in 0.8 1,37 1,1
w/o clip models | 0.8 1.87 1.1
in 0.9 1.18 1.3
W/o rataining M48 wind 0.8 1.48 1,06
cap or clip tunnel 0.8 1,28 1.2
‘ 0.8 1,20 1.2
/o cartridge M48 0.8 1.78 1.0
contalner, ra- 0.8 1.98 0.8
taining cap or 0.9 1,48 1.2

clip These are average values for yaws up to 10",

w




108

-

19. 185mm Profectiles (Con.)

“ " e. Cross Wind Force
Projectiie Fuze
H.E. T38 M48
w/o elip

wt

‘. 1, Spin
Shell

Fuze

s'/a2

Report

No. of Rds.

Gun

Muzzle Velocity
Reynold’s No,

KA
:
c DF

- Model

[W/ 0 retaming} M48

cap or clip

W/0 cartridge] M48
container, re-’
taining cap or

clip

- Mach K
Report . Dia, No. L
BRLM 361 2-in.  {0.8 .50
0.8 . .b8
0.9 .58
(0.8 .69
0.8 .59
0.9 .53
0.8 .68
0.8 .68
0.9 .80

These are a\ferage values for yaws up to 10°

See graphs of cross wind force ceofficieni, normal force coefficient, and
distance from center of pressure to base of shell body, determined from
measurements by National Bureau of Standards on full scale models,

H.E. M101

H.E. M101

N.D.R.C.

10.8

BRL 408

2

M1Al (n = 25)

2100 and 2800 ft/sec
5,38 x 108

0.00385

0.00147

Mb61A1 ~BRL 338

156 MM See par, 18¢

and graph

g. Pitch of Rifling of 165mm Guns (8,102")

Gun

Guns, M1917, M1917A1 and M1918M1

Guns, M1, M1Al, M2 and M3

Howitzers M1917, M1917A1, M1917A2 and M1918
Howitzer M1

. Mortar T10

n-cal
29,89
25
£5.586
25

30
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DRAG COEFFICIENT vs YAW
SHELL, H.E. I55 MM, MIOI WITH

FUZE RD. MSIAI
AIR SPEED 45 FT/SEC

20

OB / \

1/ N

o 2oe 40° 80° 80¢ 5 100° 120+ 1402 150 o

MOMENT COEFFIGIENT vS YAW
SHELL, H.E.,I55 MM, MIO} WITH
FUZE PD, M5IAI

AIR SPEED 45 FT/SEC
27N

RIZR

1

o 20° o 60* s+ & 100 2. 140¢ 180 180+
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CROSS WIND FORGE COEFFICIENT vs YAW

SHELL H.E,I55 MM, MIOI, WITH

FUZE P D.M51al

AIR SPEED 45 FT/SEC

™

04 /
1 \
Kao \
fﬂ‘ ~ -
=08
-hd -
0* 20 a0+ 60* Bo*  § 100" 2o+ 140 160° 180"
DRAG COEFFICIENT vs YAW SQUARED
ISSMM H.E. SHELL, T36
PD FUZE M48
WIND SPEED 100F/S
23
. /
o /
) /
10 / ‘
08
0 0 100 150 00 30 400

200 2
o faw n:aaesssﬁ‘
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DRAG COEFFIGIENT v8 YAW SQUARED
155 MM H.E.SHELL, T36; WITHOUT
RETAINING CLIP

P.D. FUZE M48
WIND SPEED 100 FT/SEG

%

- 1 //;///W

4] 50 10 180 300 350

200 250,
 (YAW-DEGREES!

DRAG COEFFIGIENT vs YAW SQUARED
155 MM H.E.SHELL, T36; WITHOUT
RETAINING GAP
PD.FUZE M48
WIND SPEED 100 F/S
r -
20
Ko .
N -"‘-H”-‘
15
| —" ’
.-'-""‘—?’-
M
0 ; 4-"’/
/ - |
08 :
[1] S0 100 150 300 3%0

200 280
{vew- cEGREES )
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25

o3

DRAG COEFFICIENT vs YAW SQUARED
155 MM H.E. SHELL,T36; WITHOUT
RETAINING CAP OR CLIP

R D.FUZE M48
WIND SPEED 100 F/5

150 3
0o m?nw.— DEGRaeﬁ()S) ¢ a0 ) 8¢ 400

DRAG COEFFICIENT vs YAW SQUARED
155 MM H.E. SHELL,T36; WITHOUT
CARTRIDGE CONTAINER, RETAINING CAP OR CLIP.
PD. FUZE M 48
WIND SPEED 100 F/S
l_-_‘““si
[¢] 50 100 150 300 350 400

200 230
{YAW-DEGREES)
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o9

(-2 ]

or

OB pow

lMOME‘NT COEFFICIENT vs YAW

156 MM H.E. SHELL, T36
PD. FUZE M48

WIND SPEED 100 FT/SEC

BN
\

8 0
YAW -DEGREES

12

MOMENT COEFFIGIENT vs YAW
I55 MM H.E.SHELL, T36; WITHOUT
RETAINING CLIP
RD. FUZE M48
WIND SPEED 100 FT/SEC
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MOMENT COEFFIGIENT VS YAW
IS5 MM HE. SHELL T36 WITHOUT |

RETAINING CAP

P.D. FUZE M48
WIND SPEED 100 FT/SEC

[} [}
YAW - DEGREE S

MOMENT COEFFICIENT vs YAW
155 MM HE. SHELL, T36, WITHOUT
RETAINING CLIP OR CAP

WIND SPEED 100 FT/SEC

FUZE, PD. M48

_
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M

MOMENT GOEFFICIENT vs Y|
IS5 MM HE. SHELL, T36; WITHOUT

CARTRIDGE CONTAINER, RETAINING CAP OR CLIP

PD.FUZE M48
WIND SPEED 100 F/S

8 LY
YAW-DEGREES

20

CROSS

155 MM H.E. SHELL,T36
RD.FUZE M48

WIND FORGE GOEFFICIENT vs YAW

WIND SPEED 100 F/S

KL

/
|

[ ] 10
YAN-DEGREES

20
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ot

CROSS WIND FORCE COEFFICIENT vs YAW
155 MM H.E.SHELL, T36; WITHOUT
RETAINING CLIP

P.D. FUZE M48
WIND SPEED {00 F/S

CROSS WIND FORGE COEFFICIENT V5 YAW
IS5 MM H.E SHELL,T36; WITHOUT
RETAINING CAP

WIND SPEED 100 F/8

L] 0 2 2] 6 a8
YAH-DEGREES

20
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CROSS WIND FORCE COEFFICIENT vs YAW
IS5 MMHE. SHELL, T36; WITHOUT
RETAINING CAP OR CLIP

R D. FUZE M48
WIND SPEED 100 F/S

.VAW »neaneé’i

CROSS WIND FORCE COEFFICIENT vs YAW
ISSMM H, E, SHELL , T36,WITHOUT
CARTRIDGE CONTAINER, RETAINING CAP OR CLIP

RD. FUZE M48
WIND SPEED 100 F/S
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-2

NORMAL FORCE COEFFICIENT vs YaW
155 MM HE. SHELL ,T36
P.D. FUZE M48

WIND SPEED 100 /8

S e

Y 10
YAW- DEGREES

20

NORMAL FORCE COEFFICIENT v8 YAW
155 MM HE.SHELL,T36; WITHOUT.
RETAINING CLIP

RD. FUZE M48
WIND SPEED 100 F/8

L] 10 2 L)
YW-DEGREES
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NORMAL FORCE COEEFFIGIENT vs YAW
I55 MM H.E. SHELL,T36; WITHOUT

RETAINING CAP
RD. FUZE M48
WIND SPEED 100 F/S
F:;-‘:::"-’“__"‘;;‘’._l,,_-;——"ll-s
] 2 " 13 ] 0

8 10
YAN-DEGREES

NORMAL FORCE COEFFICIENT vs YAW
155 MM H.E. SHELL T36 WITHOUT

RETAINING CAP OR CLIP

P.D.FUZE M48

WIND SPEED 100 FT/SEC
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DISTANGE FROM BASE - CAL

I'e
[~

20

NORMAL FORCE COEFFICIENT vs YAW
155 MM HE. SHELL,T36;WITHOUT

CARTRIDGE CONTAINER, RETAINING CAP OR CLIP

P D.FUZE M48
WIND SPEED 100 F/8

[} a8 10“”‘ 'DEGRE%S 1) 1 ] w 2?
GENTER OF PRESSURE Vs YAW
155 MM H.E. SHELL T36
P D.FUZE M48
WIND SPEED 100 F/$
; i
im,m
ERES = S |
2 4 & w 4 e i o]
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CISTANCE FAOM BASE- CAL.

DISTANGE FRON BASE~CM.

&

2]

CENTER OF PRESSURE vs YAW
I55 MM HE. SHELL,T36, WITHOUT
RETAINING CLIP

PD. FUZE M48
WIND SPEED 100 F/$

L] L] 12 i

1]
YAW-DEGREES

CENTER OF PRESSURE vs YAW
155 MM HE SHELL,T36; WITHOUT
RETAINING CAP

RD.FUZE M 48
WIND SPEED 100 F/8

4 4
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GENTER OF PRESSURE vs YAW
155 MM H.E. SHELL,T36; WITHOUT
RETAINING CAP OR CLIP

PD. FUZE M48
WIND SPEED 100 F/S

OISTANCE FROM BASE.CAL.

3

20

" DISTANGE FROM BASE— CAL.

-
b

20

é B 10 4 [
YAW-DEGREES

CENTER OF PRESSURE vs YAW
155 MM HE. SHELL,T36; WITHOUT

CARTRIDGE CONTAINER, RETAINING CAP OR CLIP

PD. FUZE M48
WIND SPEED 100 F/8
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SHELL, 8", H.E., M103; FUZE, P.D., M61A1, MOD, 1

poré- « 4.38
ot anm

2
Y3+

SHELL, 8", H.E,, M1068; FUZE, P,D,, M1

3.4) g
e
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PROJECTILE, PROOF, 8", T9; CIRCULAR PLUG
ALL DIMENSIONS IN CALIBERS3
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20, 8-inch Projectiles

“ 8. Draw ings

Shell, High Explosive, M103 (T'2)

75-4-87
Shell, High Explosive, M108 , 76-4-78
Projectile, Proof, T9 (Modification of H,E, Shell GA 1757 and
Mark 1) S 75-4-23
Fuze, Point Detonating, M61 73-2445
Fuze, Point Detonating, M6l Modification 1 -73-2-183
: Rev, 1
Fuze, Experimental, National Defense Research
Committee (Same contour ag M51 Fuze)
b, Physical Characteristics ‘ A B
Weight No. of € 9 9
Projectile Fuze Lb. Rds, cal 1b.1t, 1b,ft.
"H.E. M103 ME1 Mod, 1 240 20 1,450 15.28 104.43
H.E. M108§ M51 ( 200
Proof T9 Circular } 200
Plug
2y z, Drag B
Obger-  Proj, Form Velocity
Projectile Fuze Report vation Type Factor = ft/sec. ﬁ
' -
H.E. M108 Mb1 BRL 284 Aug 42 Resist, 5 0.88 815 049
0.2 1370 157
0,79 1940 130
Proof T9 Circular} BRL 284 Aug 42 Resist. 1 0.53 820 ,047
Plug 0.43 1380 .109
d. Stability e. Spin
Shell H.E. M103 Shell H.E. M108
Fuze MB1 Mod. 1 Fuze N.D.R.C..
Report BRL 380 8'/a2 10.6
No. of Rds. 4 Report BRL 408
Velocity 2150 ft/sec No. of Rds. 2
n 25 cal Gun MI1E1 (n=25)
8 2.34 Muzzle Velocity 1850 ft/sec
Ky 1.515 Reynold’s No. 8.10 x 108
- K " 0.0043
- c! 0.00172

DF

¥
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21, 240mm Projectiles

0.40 -

SHELL, 240MM, H.E., Mi14; FUZE, P.D., M51

a. Drawing

Shell, High Explosive, M114 ' 75-4-82

Fuze, Experimental, National Defense Research
Committee (same contour as Mb1 Fuze)

b. 8pin
Shell
Fuze
Weight

- 8'/42
- Report

No. of Rds,

" Howlitzer

Caliber
n .
Muzzle Velocity
Reynald’s No.

Ky
]
Cop

ALL DIMENSIONS IN CALIBERS

H.E, M114
N.D.R.C.
380 1b,
10.7

BRL 408

.8

M1{T1)

9.449 in,

26

1500 and 2300 ft/sec
7.48 x 108

0.0026

0,00097

L3
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e - ; 254 ' ‘ —— ]

23 18~

SLUG, 15-LB,, $-INCH, MARK I

197 ; »
.72 - 3 ,
fe 195w .33 ——f - 0l ' - 24 -+
o ‘ a7 -»{07‘-—
r,—_—.—!"_
\.. A
b
8
B
’ 1
s ™ .
- /isv
N ‘ ¥

PROJECTILE, PROOF, 185MM SIMULATING THE H.V.A.P. SHOT T35

ALL DIMENSIONS IN CALIBERS
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22, Drag of Slugs

< a. Slugs with 45” bevel

v

Resistance firings made with 37mm, 75mm and 3-in, Slugs, at velocity
from 1450 to 2700 ft/sec,

Tustration: 75mm 15.98 1b, Slug Mark 1

Reports: O.P. 4886 BRL 289
Graph: K, vs. M

b. 67mm 2.4 1b, Blug

Resistance firings at xfelocitles' from 2890 to 4326 ft/sec
Reports: BRL 288, Memo Apr 42, Memo Nov 42

Drg. {(Fig. 4, BR1L 2809)
Graph: KD vs. M

¢. 3-inch 15 1b, Slug Mark 1
Resistance flringg at velaclties from 600:to 2900 ft/sec

Reports: O,P, 4868, BRL 289
st Graph: KD vs, M

d, 165mm Proof Projectile
Simulating the H,V,A.P. Shot T35

Weight 58.8 1b,
Resistance firings

Memo Mar 45 May 45
Form Factor (1) 2.38 2.5
Velocity (ft/sec) - 2620 3225
Drag Coef (KD) ' 0.513 0,508

e, 40mm 2,375 1b, Flat Head Shot

(No bevel; corners rounded with 0,15" radius at head and 0.7" radius at base,)
Resistance firings at Valcartier, Canada, at velocities from 2000 to 3000 ft/sec,

Report: BRL 284  May 43

a % = 0,825
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23. Drag of Spheres

Resistance firings of /168" smooth spheres in Aerodynamic Range. Repcrt: BRL 514. Graph: Ky vs
M (Figs. 4 and 9) :
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FUZE, P.D,, M46 OR M47T

ot R enmns

FUZE, P.D., M48

2.04 MAK:

171 MAX.

BOOSTER, M20

ALL DIMENSIONS IN CALIBERS
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24, Point Fuzes

a, Drawings

Fuze, Point Detonating, M46
Fuze, Point Detonating, M47
Fuze, Point Detonating, M48
Fuze, Mechanical Time, M43
Booster, M20

73-2-126
73-2-157
73-2-140

73-7-29

73-2-112

All the following fuzes have the "standard” contour and weigh

approximately 1.41 1b, without the booster:
Point Detonating, M48, M48A1 and M48A2

Point Detonating, M51, M561A1, M51A2 and MbB1A3

Point Detonating, M57

Time and Superquick, M54 and M6ED
Mechanical Time, M43 and M87
Dummy, M44, M44A1, M59 and M73

| b, Physical Characteristics (BRL Report 183)
Welght C.G. to

Fuze Booster Meas. Shoulder A 2
1b, in, Ib.ft.
P.D. M48 - 0.711 0.5 0006
P.D. M47 . 0.704 0.53 ,0005
P.D. M48 - 1.407 ' 0.58 .0048
M.T. M43~ . 1,389 . 0.88 .0049
- - M20 0,799 0.95% .0028
P.D. M48 M20 2.208 -0,08 .0078
M.T. M43 ~ M20 2.188 0.08 .0077

¥To rear of booster

B
1b.t.%

prudboiodied- P Y

.007
008
.008
.004
028
028

-Indicates C.G. is-behind shoulder
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Shell, Muminating, 105mm, M314; Fuze, T.8Q., Mb4 88
Shell, H.E.A.T., 105mm, M87; Fuze, B.D,, M62 88
Shell, H.E.A.T., 4.2-inch, EB1; Fuze, B.D,, MB82A1 Modified 88
Shell, H.E., 4.5-inch, M6§; Fuze, P.D., Mb1A1 94
Shell, H.E,, 4.6-inch, M85; Fuze, C.P., M78 94
Shell, H.E., 4.6-inch, M85; Plug, Closing, 75-14-309E 04
Shell, H.E., 120mm, M73; Fuze, M,T., M61 06
Shell, H,E., 120mm, M73; Plug, Closing, 75-14-309E 97
Projectile, Common, 6-inch, Mark 20 ' 98
Projectile, A.P,, 166mm, M112; Fuze, B.D., M80 . 100
Shot, H.V.A.P., 155mm, T35 ' 101
Shell, H.E., 166mm, Mark 1; Wood Plug 101

8hell, H.E., 156mm, Mark 3; Fuze, P.D., M46 101
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27, List of Illustrations (Con.)

Title Page
Shell, H.E., 155mm, M101; Fuze, P.D., Mb1Al 102
Shell, H.E., 165mm, M101; Fuze, C.P., M78 102
Shell, H.E., 155mm, M102; Hexagonal Plug 102
Shell, H.E., 15bmm, M107; Fuze, P.D., Mb1 103
Shell, H.E., 156mm, T38; Fuze, P.D,, M48 103
Shell, H.E., 165mm, T24E1; Fuze, P.D,, M48 , 103
- 8hell, Chem., 155mm, Mark 7Al; Fuze, P.D,, M57 : 104
Shell, Nluminating, 156mm, M118; Fuze, Dummy, M52 ‘ 104
Shell, Nluminating, 165mm, T22; Fuze, M.T., T17 ‘ 104
Shell, H.E., 8-inch, M103; Fuze, P.D,, M61Al Mod. 1 124
8hell, H.E., 8-inch, M108; Fuze, P.D,, M51 124
Projectile, Proof, 8-inch, T9; Circular Plug 124
Shell, H.E., 240mm, M114; Fuze, P.D,, Mb1 128
Stug, 15.86 1b,, 76mm, Mark 1 127
Slug, 2.4 1b,, 57Tmm ‘ 127
Slug, 15 1b,, 3-inch, Mark 1 128
Projectile, Proof, 155mm, simulating the H.V.A,P, Shot T36 128
Fuze, P.D., M46 or M47 ' 132
Fuze, P.D., M48 132
Booster, M20 132
Projectile, Type 1 ' 184
Projectile, Type 2 134
Projectile, Type b 134
Projectile, Type 6 ‘ 134
Projectile, Type 7 135
Projectile, Type 8 136

28, List of Graphs

a. Drag Coefficlent vs, Mach Number

Bullet, Ball, Cal, 0,30, M2 18
Bullet, Frangible, Cal., 0.30, T'44 19
Bullet, A.P., Cal, 0,50, M2 ‘ 24
Bullet, A.P.L, Cal. 0.50, M8 : 25
Caliber 0.50 Models of 155mm H.E. Shells M101, P1 and P2 25
Bullet, Ball, Cal. 0.80, T32 30

Shot, A,P., 20mm, TOE4 36
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28, List of Graphs (Con.)

Title Page
Shell, H.E.I., 20mm, Mark 1; Fuze, Percussion, D.A., No, 253,

Mark I/A/ 36
Shet, A.P.C,, 3Tmm, M9 ‘ 44
Shot, A.P., 37mm, M8O 44
Shell, H.E., 37mm, Mb4; Fuze, P.D., MB6 "~ 45
Shell, Practice, 37mm, M55A1; Plug, Closing, 75-14-309A 45
Shell, H,E., 40mm, Mark 2 without tracer; Fuze, Dummy, Mark 27 50
Shell, H.E., 75mm, M48; Fuze, P.D., Mb7 é8
Projectile, 3-inch, Mark 27 with Dummy Nose Plug 74
Projectile, Tlluminating, 3-inch, Mark 25 with Dummy Nose Plug 74
Projectile, A.P., 3-inch, Mark 29 without windshield or cap 75
Shell, H.E., 80mm, M71; Fuze, M.T., M43A3 84
Shell, H.E., 105mm, Ml: Fuze, P.D., M48 g1
Slugs with 457 bevel 130
Slug, 2.4 1b., 57mm - 130
Slug, 15 tb., 3~inch, Mark 1 131
Sphere, 9/16-inch ) 131
Projectile, Type 1 ‘ 1356
Projectile, Type 2 . ‘ 136
Projectile, Type 5 v 136
Projectile, Type 8 ‘ ‘ 137
Projectile, Type 7 137
Projectile, Type 8 ‘ 138

b. Other Graphs

Shell, H.E., 155mm, T36 (complete; w/o retaining clip; w/o retaining cap;
w/o retaining cap or clip; and w/o cartridge container, retaining cap,
or clip); Fuze, P.D., M48;

Drag Coefficient vs. Yaw Squared 111-113
Moment Coefficient va, Yaw 114-116
Cross Wind Force Coefficient vs. Yaw 116-118
Normal Force Coefficient vs. Yaw T 119-121

Distance from Center of Pressure to Base of Shell Body vs, Yaw 121-123

Projectile, F.3,, 3-inch, Mark 3:

Drag Coefiicient vs. Yaw , 75
Moment Coefficient vs, Yaw 76
Cross Wind Force Coefficient vs. Yaw 78
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28, List of Graphs (Con.)

Title Page
Shell, H.E., 105mm, Ml; Fuze, P.D., M48:
Drag Coefficleni vs. Yaw 01
Moment Coefficlent s. Yaw 99
Cross Wind Force Coefficient vs, Yaw 92
Projectile, 6-inch, Common, Mark 20:
Drag Coefficient vs, Yaw , 99
Moment Coeffictent vs, Yaw 98
Cross Wind Force Coefficlent vs, Yaw : 100

Shell, H.E., 155mm, M101; Fuze, P.D., M51Al:

Drag Coefficlent vs. Yaw 110
Moment Coefficlent vs, Yaw 110
Cross Wind Force Coefficlent vs, Yaw 111
Form Factor -- Height of Ogive curves 138

29, Index of Projectiles
a, Square base
{1) Conlcal or Ogivo-conical Head

(a) Round Point or Small Méplat (dla. less than 1/4 cal.)
Bullet, Incendiary, Cal. 0,50, M23 (T48) ‘

Shot, H.V.A.P., 75mm, T27

Shot, H,V.A.P., 75mm, T45

Shot, H.V.A.P., 3-inch, T4

Shot, H.V.A.P., 3-inch, T4E1

Shot, H.V.A,P., 3-inch, T4E17

Shot, H,V.A.P., 3~inch, T4E18

Shot, H.V.A.P,, 3-inch, M93 (T4E20)

Shot, H.V.A.P,, 80mm, T30E11

Shot, H.V.A.P., 90mm, T30E12

Shot, HV.A.P,, 90mm, T30E14

Shot, H.V.A.P., 80mm, T30E1D

Shot, H.V.A.P., 80mm, M304 (T30E16)
Shot, H.V.A,P,, 90mm, T44

Shot, H.V.A.P., 105mm, T29E4

Shot, H,V.T.P., 3-inch, T24E1

Shot, H.V.T.P., 80mm, T45

Shell, H.E., b7mm, T18; Fuze, Dummy, T67
Shell, Exp., Types 1, 2, and 3 (0.5.R.D,) 57mm
Shell, Incendiary, 20mm, T28

Shell, Incendiary, 20mm, T35

¥4
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29, Index of Projectiles (Con,)
(b) Large Méplat
Shell, H,E,, 40mm, T7; Fuze, Detonating, Mark 27

(2) Blunt Ogival Head (not more than 1,75 cal, long)
(a) Round Point or Small Méplat (dla. less than 1/4 cal.)
Projectile Type 1
Bullet, Ball, Cal, 0.60, T32
Bullet, Ball, Cal. 0,80, T32E2
Bullet, A.P., Cal, 0.60, TS4
Bullet, A.P,, Cal, 0,80, BC-2
Bullet, A.P., Cal. 0.60, BC-3
Shot, A.P., 20mm, M75
Shot, A.P., 20mm, M85
Shot, A.P,, B7mm, M70
Shot, A.P., 3-inch, M79
shot, A.P., 80mm, M77
Shot, A.P.I., 20mm, T21
Shot, A.P.C., 57mm, M86 w/o windshield
Shot, HV.A.P., 67mm, T14
Shot, H.V,A.P., 90mm, T38Eb w/o0 sabot
Shell, H.E., 20mm, T23; Fuze, P.D., TT1E4
Shell, H.E,, 20mm, M97; Fuze, P.D,, M75
Shell, H.E., 37mm, T27; Fuze, B.D., M58
Shell, H.E,, 57mm, M306 (T22); Fuze, P.D,
Shell, H.E., 165mm, T24E1; Fuze, P.D,, M48

Shell, H.E.1., 20mm, Mark 1; Fuze, Percussion, D,A,, No, 253,
Mark 1/A/

Shell, H.E.L, 20mm, T16; Fuze, P.D., M75

Shell, H.E.A.T., 57mm, T20 Type IIA; Fuze, B.D,, T04

Shell, H.,E.A.T., 657mm, T20E1; Fuze, B.D., T94E1

Shell, W.P,, 57mm, M308 (T23); Fuze, P.D., T119 and M89 (T119E1)
Shell, W.P., 57mm, T23E1; Fuze, Dummy, T128

Shell, Incendiary, 20mm, M6

Shell, Illuminating, 156mm, M118 (T21); Fuze, Dummy, M9

Shell, Muminating, 155mm, T22; Fuze, M.T., T17

Projectile, Ball, 20mm, T4 '
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29, Index of Projectiles (Con.)

Pr‘ojectile, Practice, 20mm, M89

Projectile, A.P., 3-inch, Mark 29 w/o windshield or cap
Projectile, A.P.C., 75mm, M81 w/o windshield
Projectile, A.P.C., 75mm, M61 w/o cap or windshield
Projectile, F.8., 3-inch, Mark 3

(b} Large Méplat.
Shell, H.E.A.T., 57mm, M307 (T20E2); Fuze, P.I., T123El
Projectile, Ball, 20mm, Hispano Gun /A/
Projectile, Proof, 8«inch, T8; Clrcular Plug

(3) Long Ogival Head (More than 1.76 cal, long)
Projectile Type 8
Projectile Type 8
Bullet, Ball, Cal. 0.30, M2
Bullet, A.P.I,, Cal. 0.30, T15
Bullet, A.P.1,, Cal, 0.60, T49
Bullet, A.P.I., Cal, 0.80, T39
Bullet, A.P.LT., Cal. 0,80, T80
Bullet, Incendiary, Cal. 0.60, T36 and T38E2
Bullet, Incendiary, Cal. 0,80, T31
Bullet, Incendiary, Cal. 0,60, T41
Bullet, Tracer, Cal. 0,30, M1
Bullet, Tracer, Cal. 0.50, M1
Bullet, Frangible, Cal, 0.30, M22
Buliet, H.E., Cal. 0.60, T19
Shot, A.P., 20mm, T9E4
Shot, A.P., 57/40mm (J and L Drg A-1844)
Shot, A.P,, 90mm, T33
Shet, AP.C., 37mm, M5]
Shot, A.P.C., 40mm, T4E10
Shot, A.P.C., b7mm, M86; Fuze, B.D. M72
Shot, A.P.C., 100mm, T13E2
Shot, A.P.8.V., 37mm, Mark 1
Shot, A.P.D.S., 76/48mm
Shot, H.V.A.P., 1656mm, T35
Shell, H.E., 37mm, Mark 2; Fuze, B.D., M38Al
Shell, H.E., 37mm, M63; Fuze, B.D., M58

ke ™

oy
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29. Index of Projectiles (Con.)

Shell, H.E., 37mm, T33; Fuze, B.D., T138

Shell, H.E., 3-inch, M42; Fuze, M.T., M43

Shell, H.E., 3-inch, M42; Fuze, N.D.R.C.

Shell, H.E., 3-inch, M42; Fuze, C.P., M78

Shell, H.E., 105mm, T30E}1; Fuze, P.D,, Mbl1A4

Shell, H.E.A.T,, 57mm, T20; Type 1A; Fuze, B.D,, T94
Shell, Smoke, 75mm, T19 (B.E.); Fuze, T.5Q., Mb4
Projectile, A.P., 1565mm, M112; Fuze, B.D., M80
Projectile, A.P,C., 75mm, M61; Fuze, B.D., MB86A1
Projectile, A,P.C,, 3-inch, M62; Fuze, B.D., M68A1
Projectile, A.P.C., 90mm, M82; Fuze, B,D,, M68
Projectile, Nlluminating, 3-inch, Mark 25; Dummy Nose Plug
Projectile, 3-inch, Mark 27; Dummy Nose Plug
Projectile, Common, 6-inch, Mark 20

(4) Slug
' (a) Beveled Head

Projectile, Proof, 37mm, M52
Slug, 1.25 1b., 37Tmm

Slug, 2,40 1b., 57mm

Stug, 9.00 1b., 75mm (Mark 1 modified)
Slug, 11.72 lb,, 75mm, Mark 1
Slug, 156,96 1b,, 75mm, Mark 1
Slug, 14.40 ib., 7bmm, T13
Slug, 13,94 1b,, 7bmm, T1b
Slug, 12,70 b, 3-inch

Slug, 12,78 1b,, 3~inch

Shg, 15,00 1b,, 3-inch, Mark 1

{b) Flat Head
Shot, Flat Head, 40mm (Canadian)

(¢) Protruding Rod
Shot, H.V.A.P,, 3-inch, T4 w/0 windshleld, 1-inch rod
Shot, H.V.A.P., 3-inch, T4 w/o windshield, 1/2y-inch rod

(d) Spool-shaped '
Projectile, Proof, 165mm, simulating the H.V.A.P, Shot T35
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29, Index of Projectiles (Con.)

b, Boat-tail

(1) Conleal or Ogivo-conical Head

(a) Round Point or Small Méplat (less than 1/4 cal.) -
Projectile Type 2
Shell, H.E,, 57mm, T16; Fuze, Dummy, T66
Shell, H.E., 7bmm, T38; Fuze, P.D,, M48
Shell, H.E., 120mm, M73; Fuze, M.T., M6l
Shell, H.E., 120mm, M73; Fuze, Exp., T75E8
Shell, H.E., 8-inch, M103; Fuze, P.D,, M5l Mod, 1
Shell, H,E.A.T,, 75mm, M68; Fuze, B.D., M82 or T83
Shell, H.E.A.T., 75mm, T39; Fuze, B.D,, M62
Shell, H.E,A.T., 105bmm, M87; Fuze, B.D., M62
Shell, H.E.A.T., 105mm, MB7E1; Fuze, B.D., MB2A1 ~
Shell, Practice, 105m1ﬁ, M867; Fuze, Dummy, T121

(b) Large méplat

Shot, A.P.C., 37mm, M59 (120° vertical angle)
Shell, Q.F.H.E., 40mmm, Mark 2 T/L/; Fuze, P,D., M64 and MB84Al

- Shell, Q.F.H.E., 40mm, Mark 2 T/L/; Plug, wood

Shell, Practice, 40mm, MO1
{2) Ogival Head
(a) Round Point or Small Méplat (dia. less than 1/4 cal.)
Projectile Type 5 '
Projectile Type 7
Bullet, Ball, Cal. 0,30, M1
Bullet, Ball, Cal, 0.50, M1
Bullet, A.P., Cal. 0.30, M2
Bullet, A.P., Cal, 0.50, M2
Bullet, A.P.IL, Cal. 0,60, M8
Bullet, AP, LT,, Cal, 0,50, T28
Bullet, A;P.1.T., Cal. 0.50, T63
Bullet, A.P.T., Cal. 0.50, T38
Bullet, A.P.T., Cal. 0.50, T38E1l
Bullet, Incendiary, Cal. 0;50, M1
Shot, A.P., 37Tmm, M74
Shot, A.P,, 37mm, M80
Shot, A.P,, 76mm, M72

L

|
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2@, Index of Projectiles (Con.)

Cal. 0.50 Model of 155mm H.E. Shell M101
Cal. 0.60 Model of 155mm H.E. Shell P1

Cal, 0.50 Model of 155mm H.E. Shell P2

Shell, H.E,, 37Tmm, T2; Fuze, Dummy, T30
Shell, H,E., 75mm, M48; Fuze, P.D., M39A2
Shell, H.E,, 75mm, M48; Fuze, M.T., M43
Shell, H.E., 75mm, M48; Fuze, P.D., M48
Shell, H,E., 75mm, M48; Fuze, N.D.R.C,

Shell, H.E., 76mm, M48; Fuze, C.P., M78
Shell, H.E., 80mm, Mb8; Fuze. M.T., M43
Shell, H.E., 90mm, M58; Fuze, P.D.., M48
Shell, H.E., 90mm, M71; Fuze, 21-sec A.A,, Mark Iil
Shell, H.E,, 90mm, M71; Fuze, M.T., M43
Shell, H,E., 90mm, M71; Fuze, N.D.R.C.

Shell, H.E., 90mm, T15; Fuze, Duramy, M44A2
Shell, H.E., 105mm, M1; Fuze, P.D,, M48
Shell, H.E., 105mm, M}; Fuze, Dummy, M59
Shell, H,E,, 105mm, M1; Fuze, C.P., M78
3hell, H.E., 4.5-inch, M85; Fuze, P.D., M48
Shell, H.E., 4.5-inch, M85; Fuze, P.D., Mbl
Shell, H.E., 4.5-Inch, M65; Fuze, N.D.R.C.
Shell, H.E., 4.5-inch, M65; Fuze, C.P., M78
Shell, H.E., 155mm, Mark 3; Fuze, P.D., M46
Shell, H.E., 165mm, M101; Fuze, P.D,, M51A1
Shell, H.E., 166mm, M101; Fuze, P.D., M48
Shell, H.E,, 1565mm, M101; Fuze, C.P., M78
Shell, H.E., 155mm, M101; Fuze, N.D,R.C,
Shell, H.E., 1565mm, M107; Fuze, P.D., Mbl
Shell, H.E., 1565mm, T36; Fuze, P.D,, M48
8hell, H.E., 8-inch, M106; Fuze, P.D., M51
Shell, H.E., 8-inch, M106; Fuze, N.D.R.C.
Shell, H.E., 240mm, M114; Fuze, P.D., ME1
Shell, H.E., 240mm, M114; Fuze, N.D.R.C,
Shell, Chem., 75mm, M64; Fuze, P,D., M48
Shell, Chem., 105mm, M60; Fuze, P,D,, M48
Shell, Chem., 156mm, Mark 7Al; Fuze, P.D,, Mb7
Shell, Smoke (BE), 105mm, M84; Fuze, T.8@., M54
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.29, Index of Projgctiles (Con.)

Shell, Iluminating (BE), 105mm, M314 (T18); Fuze, T.SQ., M54

(b) Large Méplat
Shell, H,E., 37mm, M54; Fuze, P.D., M58
Shell, H.E., 70mm, Mark 1; Hexagonal Plug
Shell, H.E., 90mm, M58; Plug, Closing, 75-14-308E
Shell, H,E., 105mm, M1; Circular Plug
Shell, H,E., 105mm, M1; Hexagonal Plug
Shell, H.E.. 4,5-inch, M85; Plug, Closing, 75-14-300E
Shell, H.E., 4.5-inch, M85; Circular Plug
Shell, H.E., 120mm, M73; Plug, Closing, 75-14-308E
Shell, H.E., 155mm, Mark 1; Wood Plug
Shell, H.E., 156mm, M102; Hexagonal Plug
Shell, Chem., 7omm, Mark 2; Round Wood Plug
Shell, Practice, 37mm, M55A1; Plug, Closing, 75-14-300A

¢, Sphere, 9/18-inch,

.0 VAR ppeh

H. P. Hitchcock
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