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5;5: BRLH 76-1-42

i / |
Ballistic Research Laboratories Beliistic Research Lab.
Handbook of Ballistic and Aberdeen Proving Ground,
Engineering Data for Ammunition, Maryland.
No, 76-1-42 2 February 1949

BALLISTIC AND ENGINEERING DATA
for
Shell, HE, 76-mm, M42Al
with

Fuzes, PD, M6, M48A1, M48A2 and MH1A4; TSQ,
M54 and M55A3; MT, M43A5; and CP, M18

1 General ----csmveccrermcnncccnnonnes i
I Description =~ececmccvecccccmcioanas 2- 4
I Interior ballistic data --~v-c-ceccenen 5- 8
Y Exterior ballistic data -<eecceccre-we 7- 8
v Efiect data e-~eecccmcrmcovimcnacccna 9-12

B
aQ
3
2

Paragraph

1. Purpose. The purpose of this number oi the ua.dbook i to furnisk a concise collection of infor-
mation regarding th2 shape, dynamics, balliscies and eflects of the 76-mm High Explcsive Shell M42A1 witn
the Point Detonating Fuzes M48, M48A1, M48A2 and M51A4; the Time 2nd Superquick Fuze M54; the Me-
chanical Time Fuze M43A5; and the Concrete Plercing Fuze M78. This information is collected from the
drawings, reports, firing tables, and technical manuals pertaining to this ammunition.




BRLH 76-1.42

BALLISTIC AND ENGINEERING DATA

DIMENSIONS IN CALIBERS
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FOR SHELL, HE, 76MM, M42Af BRLH 76-1.42
2-3

SECTION ¥
DESCRIPTION
Paragraph

Drawings = =« =~ - == e - - c o r e cmrrccccnecccecranna 2
Dimensions ~==-=--c-c-we-ceccr-cmrcccrre cccronas.o 3
Physical ~haracteristics - = = - - = = = = = c e e m e ms e cc it aan 4

2. Drawings.

Shell, M42A1: Metal parts assembly and details 75-18-33

Shell, M42B1: Metal parts assembly and details 75-18-37

Shell, M42B2: Metal parts assembly and details 75-18-38

BRooster, M20Al: Assembly and details 73-2-112

Booster, M21A4: Assembly 73-2-154

Fuze, PD, M48, M48A1 and M48A2: Assembly 73-2-140

Fuze, PD, M51A4: Assembly 73~2-145

Fuze, TSQ, M54: Assemhly 73-3-154

Fuze, MT, M43A5: Assembly and details 73.7-29

Fuze, CP, M78: Assembly and details 73-2-214

Note: The MT, PD, and TSQ Fuzes require one of the boosters; but the CP Fuze contzins their work-
ing parts. The TSQ Fuze M54 and the Booster M21A4 are components of the TSQ Fuze M55A3, dwg 73-3-155.

3. Dimensions.

Band: Width 0.34 cal
Distance from base 0.40 cal
Cylindrical body: Length 1.92 cal
Ogive: Length 0.87 cal
Radius of arc 7.00 cal
Shell, unfuzed: Length 2.80 cal
Fuze, PD, TSQ or MT:
Outside length 1.28 cal
Shell and fuze 4.04 cal
Ogive and fuze 2.12 cai
Fuze, CP: Outside length 0.86 cal
Radius of ogival arc 2.67 cal
Shell and fuze 3.68 cal
Ogive and fuze 1.76 cal




BRLH 76-1-42 BALLISTIC ~iD ENGINEERING DATA
4.5

4. Physical characteristics. Thc weight, iocation of center of gravity, and moments of inertia of the
HE Shell M42A1 with any of the PD, T3x or MT Fuzes are apprcximately the same as those of the HE Sheit
M42 with the MT Fuze M43A2. The physizal characteristics of the HE Shell M42A1 with the CP Fuze is ap-

proximate:; *he same as those of the HE &h211 M42B2 with the inert Fuze T105 T'ype 8.
Shell M42 M42B2
Fuze M43A2 ‘T105 Type 6
Mean weight: Marking B (Standard) 1 12.80 13.14
Marking 1 K b 13.00 13.34
varkinwg B B B b 13.20 13.54
Base tc center fgruvity cal 9 1.540 1.548
Axial moment of .ner’ia 1b.ft2 0.110% 0.1098
Transverse momert 2i ‘nertia ib.ft 0.8092 0.8106
SECTION i1
INTERIOR BALLISTIC DATA
Paragraph
Stresses = = = « = ¢ 2 2 - e ¢ s e e et st e e e e s e e ee e 5
Theoretical yaw Inbore = =« = = = = = v = = o0 - o 2 2 m e o s m e .- n 6

5. Stresses. The following table and the graphical representation on page 5 show the longitudinal,
radial and tangential resultant stresses at each of three sections: (A) the rear ccrner of the band seat,
(B) the front of the band seat, and (C) immediately bzhind the bourrelet.

Gun 78-mm M1A2
Twist of rifling 1/32
Cross-sectional area of bore 7.2776 sq in.
Rated maximum pressure 43,000 psi
Total weight of projectile 12,80 Ib
Muzzle Velccity 2,700 fps
Density of filler (TNT) 0.057 b per ct in.

Resultant Stress* Section

100 psi A B C

Longitudinal - 274 -7386 -355

Radial + 830 + 87 + 59

Tangential ~-1086 +480 +212

* + denoles tension, - denctes compression

= O e T AR AR e e T
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BRILH 76.1.42 BALLISTIC AND ENGINEERING DATA
6-7

8. Theoretical yaw in bore.

Minimum 7 min
Maximum 12 min
SECTION IV

EXTERIOR BALLISTIC DATA

Paragraph
Aerodynamic data = = = = = = = = = = = = = = % = % % "o o mo oo 7
Firingtabledata « = = = = = = = = = = 2 2 0 o e v 0 0 2w e mee -l 8

7. Aerodynamic data. The aerodynamic da.a cbtained with any of the PD, TSQ and MT Fuzes are
applicat le to all of them. The aerodynamic data obtained with the inert Fuze T105 Type 6 are applicable
to the CP Fuze M78. The furm factor given in this paragraph for the PD Fuze M48 was determined from
resistance and range firings of the HE Sheil M42 with the PD Fuze M48 and the MT Fuze M43A2. BRL Re-
port No, 30, '3tability Factors of Projectiles" (Rev. Sep 1940} gives the stability fzctors and momen* coef-
ficients tnat were determined for the HE Shell M42 with the MT Fuze M43. BRL Report No, 298, "Stability
and Resistance of 3-inch HE Snell M42A1 with PD Fuze T105 Type 6", gives the form factor and stability
factor that were obtained in developing the CP Fuze. BRL Report No. 408, "Loss of Spin and Skin Friction
Drag of Projectiles”, gives tne axial couple coefficient chtained from firings of the HE Shell M42 with a
radio spin sonde in a dummy fuze having the same shape as the MT Fuze M43A2,

a. Drag.

Shall MA2 M42A1
Fuze M48 T105 Type 8
Drag function C—s G6

Muzzle Velocity fps 2,700 2,880

Form {factor 1.04 1.37
Ballistic coefficiant 1.388 1.066

Drag coefiicient, KD 0.123 0.183

b. Stability.

Shell M42 M42A1
Fuze M43 T105 Type 8
Muzzle Velocity fps 2800 2600

Mach number 2.50 2.39
Moment coefficient, KM 0.991 0.7%4

Twist of rifling 1/32 1749 1/32 1/40
Stability factor 2.03 1.30 2.45 1.87
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c. Axial couple.

Shell
Fuze

Average velocity

Reynolds’ number (based on

avg vel. and caiiber)

Axial couple coefficient, K

Surface (withcut base)

Skin friction drag coefficient,

t 4
Cor

8. Firing table data. FT 76-C-1

M42
Radio sonde

1800 fps
2.75x 10
0.00585
96.5sq in
0.00218

8

¥7T 76-A-6 (Range-elevation tables and Aiming Data charts).

Gun, 76-mm, M1A2 on Medium Tank M4 or Gun Motor Carriage M18,

Twist of rifling: 1/32.

BRLH 76-1-42
7-8

OCM item 18656 standardized the HE Shell M42A1 for the 76-mm Gun M1. OCM item 25455 authoriz -4
the use of a reduced charge to give a muzzle velocity of approximately 1550 fps; the normal charge gives sbcut
2700 fps. Tne 76-mm Guns M1 and M1A1l, whose twist of rifling is 1/40, are now obsolete. FT 3-W-1 gives
data for the 3-inch Gun M5, whose twist of rifling {s 1/40, firing the HE Shell M42A1 at muzzle velocities of

1550 and 2800 fps.




<
T Y ™ T M T ~
T T T T ) 13 ] -
m . W ” Muunxlxqf.l“‘ - .T\w.l - M N + - M -1 4~~~ t-4—~ ﬁu g 43 }* - .
v . A R -4 T .
2 R e ¢ !
& T T T T
w N NN DN et el e el -
Z- e e ..+ [FUSTIENR SRR RIS SIS B S S ek
. [&] R
Z -
| - : AT W
2 HHEIT 8 " ¢
. << I A B fa e o S -
H ﬁlm ;w.|~. w< c
: f 2] cebd i1
: n R RNES -
| I I PR b 3=
: < = ]
m m v o+ M )..H,\«l %
JRRPRRY S ! 11 7
> e V1 88 88 him m
2 T 2l §8 ew [T o
; o L ZF 0 o | ~ i
T PP Y SRS S S ! g
: <t ® T T 8
, w TT R DD paie 1] 7
5 p o P E o o e - f
BE ST w a8 gk | L
) - . U m m m m O -y w .
. . e——— - e + — i 1
ed il dl 28 &8 [ _ Jle
S iy Xl OWw cw ! ; 13
OX 1T ol 2z Z2«x i E
T S i e T
9= i | EEecdr T
i PUNPUE UV SeReT I o1
. . - t— - .M .
: J SV i S b ]
[N “H)J\ SR 1 \ s 1o
; = A I @ig
. S - 5 @ e
L 0 S adlas as A T v - iy
; (T R - - ]
; e
: Qm 1. - ; n m - ;
_ — .
g2 m e Y e a +
- - - e . -$-
N e . + ul o O 4 W
. . 4' VIMV.M.' T i I’ e 2
R R e et «
L R e - ] "
A EERd i Rud T - 1 . 4/ \
-y _n*ul. 4~
Q . e} J 444 w0 -
M - ” H..P.H + ~t=t = T o*
2 e feiine R o
HB 1 ] 1 i <. -.C. ﬂ‘. ~e o. w
L - — R
&
[=+]




~
3
v} | Lyt
L, W.TH.,TJ- L T3
o + M t- 4 -
, & it 1 IA.. _
: IR BEE T 1
' .=t TfLr... 13 } [
DI ot it I FHib R o f
. R N Al 1 + ]
! . ' 1M saeten SIEEE o ool ol ol ]
, » T ; AT ﬂ
) DD I W_ b H X —1- i
; Wi & ST T ET :
‘_., m uw ..IM U — 2 3 4 1.1:” | T 1 «¢_.\4. - .HAH.T. 1 . ;
N_ I e S !
: 3 |Ihh © s EneE eanewadns : !
: e bk dound RaASEn BBl & ;
( T punt I I T
m T S S uff!luT.T T m t
— TAxJ m ! s e T T + i
- R JELN Ay I 1 . +
M SHBE w . 1114: Rl s o o o '
w r SN N - o o e e T 4 + + i T
] o Q Ol 1T . - - w
: >| &= 0 “ ” 1 4 HTT.. 1 1= 4 I
A & + Sl o _ T T MR IR A
f ) 3 5 I At et I i
; i T 8| jhpsasiine T
, L &4 m e H e :
] - I 7 M an ».A H r i 1T T H
_., Wit a8 28 + h R R PR R R s e e HH S
S & W2 2 H e B eaS Rl e pine T : 3
; = =i 11 x| £ 9 Am mandl SugEafns Spon hasa v ML B
A 11 1 aind . N R .
| = rhil 5|23 8 T T e “
¢ BRERN Xl o Qo xo t-+-1-4 ! T rt i _ b
i w = ] I w ow +—+ O T 41—+ T R 30 A -t
) O Q|4 x 2 : r xYAfJ.H : ! _ . @
) O e |1+ 441 b H1 I 1t 12 ' S ..SLI
£ | RS aEASERRRsi Sha AR R 308
o EHF T Bt W B e - E43
= SR DN A HAH 1 m e L -
m - Jroaa T T . - -2 -
» S huh T . ! SEe
. pdd NN 1 u T i =1
u L+t 44 % J“ n nl
£ . 8 37
- ¢ Pt = 4] 1 o "k
g & P wls . o
. Z o [T Al S SessEs a:
: <l OTH "
, 0 i- (1] :
\ > 2le s EERRaEt : :
, s .
¥ ¢ ]
: 2 JRAREN 2 g 4
b uf - T ] IEERE 4
11 T n
3 RS " L ! g
k! - HH : S
i L [ T "
i cHu T 11 _*
B i 4 +
mun o 1
3 o Y = ! Tz nm&
;« - - 3 _ ﬂ
:“‘"__A B - .
5 -
.:,ﬁ
E: |
. ¢
b




<
m 0009 ooo¥l ____ 0002! 0000! 0008 0009 000t 0002 oo
- i " T T =z
o [T SQUVA - ~aoNvy [T H
< b *»» -§ -3¢ -t -4 +-1 4t wid ﬁ > -
m e it “r il i My - i*,xT Lfvv = n
RN CEe R RSEESE 5 ﬁt T i
5 AT Hw ) A RO RSN B nd »
m Step B k= = =k B SRS SR TE I B
o - wel IhShant ¢ bt s..r. |w + 5 o - OON
g o Froe | oo iy p @ AT e
C il ke : i1 . P
Q ' ! Ly 1 i
= i : m« . I r \\
m . -4 e T ]
: 3 + f-+ t mH
fERjuuan-1kanassnaz) gl 2 -
P : i
1h|wllm ..T L .,l,nw. TN Y, m‘ oo
T ARSRRRSZdnn Enas) 2
” ™ m L_r 4 H mu
! N 174 i -~
e n
B e g
it ; - ]
H i — i : 3 wlooo
BERES M R 4 I =
R I e T T Il m
1T [ 1 1 (/1
b ,M.I ; : - 1] o o
. — 4+ w v : m 1
A B R ! 44 L
e Do N
s papnann s 008
. 1 Jl ! I B
.H x.m Mﬁ T M ” 1
BN B SEN S TN RN =
Y _
i v 6E€G! a3ona3y -1
4 ] i
5 .M + € 089¢ TYNNON dd
. {1+
T ” b4 0SSl a3oNa3y
; ﬁ M i 00.¢ TYWUON 081 40 Od
3 B
f i alad —+
_” T 3AdND Sdd -AN FIYVHO 3z0d
L. 1 HHHH ___________r_._____:.___t____:_
; ~ -1 H :_ oo e e L L L
' -
v 3 j_s_oo = dWNI) SIANND FONVY —~ ~NOILVA313 D
, ~ o [0 TN IR VO T 1 YO 0 O W IO I 0 I
EEEEEEERREEEN SN I
m  ENENEENENEEEE SRS I
m




Lyrageer Ll g T e P P T RS A SRS AR S BRSSO e e UL 2T ¢ r e

FOR 3HELL. HE. 76-MM, M42Al BRLH876-I-42

H
L

.
v e
i da
% -
3
-4~
4
16000

al
1

n i
1
i
;L ;
i
Il
;
i
t
'l
o
4000

3 ul SEEEENEEEREE T R
% :, P t ] S ﬁl %
i - T 11t 4
3 — . .4 4 - - l:
3 ni TN LT 0’
| H SESRREESTRAN 813
P - g: N :i.-.: AQl.l\ §]§
- : S N O N6 A . l -
K . 4 +—+ =
i '; EmaN 7
) h A
> i N :
- % :
& ;
[+ 4
o
on]
G.

T T T T T

d.ANGLE OF FALL — RANGE CURVES

8000

v,

DL

0 O A 0 T O U O O Y A

7}
<
Q
P4

4000

|1

2000

\:
[[ \
’ N T STIN—TTv4 40 319NV
H T e o

20

(o) (o]
Q o
© <+

{200
i00
800

11




<
g 0009} 000 ¥ 00021 0000! 0008 0009 000y 0003 000
a . ! M N .« T ol TR {
9 SR O sauva - 3onvy +
2 IO b i i ]
H — bt =
2 EUSARRARERsRaNES M-
5 ey 44 - +—t § At 1~ -
R pes=Ari R adtns penunnnks T £ 5
: . M Z Joos
m i '. . 1 H W “
< ! SaN " ! n
(&) e : M - 3 =t = A 1
| : o : et Spepist iE
”, 3 4 et L P 4 il e O -
| 3 | S440022 +pw 304 S 009 o ETS e
“ DU NG OSSR VHO TYNYON [T Ay :w% - Mnooo_
: BEGEBRRRE i RS Vg b i
; yorb 1+ (T 1 ﬂl A NI Q g A 4-.“
., Cimod Pl ) TN ! h MQQQ S 03
A_ RS SRR N BRESS Bk i Jy o
, E ! A o A N DR i
; - M T QoGi
: 111 B NCT N
: 1 i i 3
«W : _ ~ - .
i 8 i !
“ B e T H ]
4 + : i ; : -~ Q0¢
”-_N‘ i \
. ! 1
3 ! A
: + “ u m
T | _
y R | N
_Mv M 0623
» -t &
., . > t—1 i
BReE Baus
A HHLM : 1
] b ! _ . o
e B “;ﬂ.,ur.., 3ZN40S 1 80 ad
.Tmﬂa LI SIAUND IONVY — ALIDOTIIA TYNIWNIALR
-1
|t




w o~
)
m 3 000 00001 0008 2009 Q00Y c00g (s PO
=0 T T T T T T T TTT - oo
. [ e T T ¥
3 ot T L QYVA-3IONVM T m B apCan
™t r—+ 11 1
R FesEtiats: S e a3 28
¢ x* - . o e - 1 .Jf DUV B - \|_
1 bt bgs bty t Sl B » +
3 E g4y | f B R R R Cd R I - 4
g [ P e e el el 732
; R T ; ) o
H {-f-1-fy =4t 1~ -t ¥ 1
H., Ifl -4+ .ﬁ:-q.# H.u.eﬁ «J,»_.wxilrw +1 w»ﬁ_ 5 4 O\MV
P e e e N <]
SEEN 158 RRASR Y ISERND A1 NP SRERAD WRADG » . Ob.v guln - ]
IR o s miak o MR pre—et bedobor b= “ £ -
[ e j - qu.a»xiut.*l. -3~ - y ) )
ol IR A ! 14 1=+ {-r prt .D&' o
t T t t T t T < & o ION
s T#Lrll : 4 B B i yd 4 &0 - : 0
ma A T R T - - .Vo . ! 4 .
e | ! % L\ T mﬂ -
<1m — -4 - : t >%— J Qq 4 1 1 @un “
Jeiss ; r AL@ asyl as: 2
v: }." f e . 4 o... 1 w I
i e M pd . %V - N - 8
RN 7 " .
. RS . fumuan 7
3 rt 1 } + 34 4 1 m
3 M ! | V. 4 ] o
R A i + + Y y Av’ € -
‘ J_ T T T 4 ( I =
g trrt T + A O {
H, paasl LA, O T
“Im-q.l % i : 4
T A / 4
S ! SR
. 1 )
gRenanan AT
; Rpss s nans: _
., u(hiﬁ!m< + T t S‘
T HE — 1 “ on
- A i
i 3 RS i i
4 A [ i
: = - T
- T
s ' “ n
3 2 T 09
3 o ] 3ZNn4 0S.1LY¥0 ad
1 .
2 r SIAHND IONVY —L1HOINA 40 IWIL'3
- ” P
‘ o i L *
- 2
b
A |
[




e T

<
% 0009l 000P| 00021 OOO@_ Q008 - 0009 000t 0002 . 0o
e - ﬁ - ﬁ; R B0 U B W O el M R 1 A T4+ I s Sgian
9 Lo ETr R SauvA-ToNYE T guuy) NEBE=
& 1R i L0 B B B P T 1 s
n pam I ! [y [ A =
Y D R ] S B Amma b -
R phaug Ryl RO a b 1 T e
z SRS IDOREDER o N S0 SN S0 A U0 SV ER 8 . =%
i} s s S I - I ; p g
+ + + T : ; 1A
o b SEass=ans i
, i _ B :
< " 1T T L.__!..x M o - ~qDI o
m o 1 w 1 1 1 . L !
ﬁ Tl _.w.+ -+ et B T o if ) ] =
IDUNERTDEN A0 % NI EUOU R SRR S G P ) ({1
m e PR SEN B p. e - ..1,0?»_1!\\% - e +4 ~ T t m 7
& gL DRI I atai 8 cantil O 0§ 4 ] AT _ - oI
P 1 li.rL,v\ } } ! - ;\\ j J \ - { 44 m M
Ceaado IV TIAT i v aAnE . . 3 ]
e P E
L Ry any AR R RN T ; { = 7
ot QNI P T AP S
P I _ TARS 3 A O 7+ Z
et N 2 (S A anasak =9
DI ft.wa.w..%TT |.MV5%_VMIT : wb ; ' 10\W ’ _% - m ]
R T _C%.w i -llwm P ,%u ~Jo ! mn
BN SRSTe B ' Q°. L .
\\%M [ \.\ . GV:V: H ) et ]
D B N ; T 4 <4 ;
R N - imn| ]
P AT o - _ .
,t v st m . ; /‘L 1 0¢
. BEnEN i a1 n.vx‘ ] 1
R R T o OJr,s T T i
hiiand 21 T L 7Y
S “ : 1 +
har i S . 1] T 1] ]
ot e R TH
e 1 Lt ' \ - _ﬂ . e T e
L i 1
e ’ ’ . uny
- 4_ m 1 3 + L
I
. - w [
. — I
- . g J I
o O | B os
BEs: w m 3Zn4 ©SL YO O¢
l
o -1 ™ T GNIM TVH 3LV HdW Ol ONY
] 1 pormd— »
> T (INO'O=dNNF) LAINA OL 37 NOILO343aD
oo t I NEER RSN ER NN E NI RN RN RN NN RN
M , i 0 1 0 5 0 0 O O 1 0 O
m

14




TEYVE jev

SRLH 76 1-42
8

FOR SHzll. E, 76-MM, MA240

A,

0002¢! 00001 0008 c009

000t

0002
T

000Y!

N 1 et BNRIR S + T
IONT S rf ] - _ -H -+
SRR Ees B 11 ﬂ T
v.’lwxll‘:.”lr W‘ 4 M L_ﬂ

1 . -7 # { o

- ; Sild ¢ T H

BERE RERaS Rty aie s ! - ‘
ol ] ~H
DORR el | I S AU at S 1 07T O
U D NT o m s ] SH
S A wm SULL L i T = 51

PR RS R P —- [ ]
I...!T 4* WUMA . _M_. Q.J.J:T 4 Srm,ﬂ

o Do 0 S S T onriTr T 2L ET
= x_ @ T & mr2H

m.r.il I um-g i =1
lllll v -t - - P =t o = & .
P & - ' Iﬂ‘ -+ w 31‘111 (J - 1 w”m
SR o LSS el i Eun 1 - 2l
5 - 1 o
BESE LS SRR as: T T i -v”ww
- R R Zem 111 1 4+ L1
Ry s <N Q.W-l
— 8 = 3: T £ T
" 10— : = T 1 mC QT
N S |- . L H S N e
O hadl = B ERARED oy ; I Irolal
— v . Tt . N — T H T ! b pd
USRS S A (7, Y T i et ; - [7))

g 181 7 T 1 T
i s g RS T I spnnEe mant={dHun
-f — o - m“ 1 anm.w,ﬁ

,<¢\~| L sunad &_4.6.. 2] i.l._f_ »114,44 R “_l.

L A e : i

RN i T ¢ + T 1
PRI AU ..T_rﬁ A N W + » : 1]
ORd RS SR SR Ehy BSud u NN R ; ™

e - = ! 1 A T - 1
MDIIEES ISAND IS IS SUNEDAF I [ . I T . ]
SIS AR p T A} e -
P s i il gl M g i i BeuaRinEy wnE -

T i i . +

S M e )

R ae e s N JRESSS —t 4
UERAREYE 3Zn4 0S1 40 ad ' . ! T
- IS . -
I {3iIS 40 3TONV TN IF HO4 3OVMIAY) !

- ey e T dme I_ . .

- ot f,:r..r. i 3US 40 30NV AHTININI N0 [

i “ O 100 00 1 R PO N 10 0 S O 00 L O e M R L D I




<
> 00091 000#! 0003} 00001 0008 0009 000% 0002 0
a i AN REN RN R RN T o¢e~
m SQY¥YA —IONVYH 2 =
m » - 1 SN
g > N
4 yd
R & 0
Z oa Ko
(9] LA 09.
B »
@ s o* ] .Vb&'
W e
A & Joz
f o & X ]
.&b& 4 04 W “
r R i
auv 0VV T
& T
ﬁv mu -ot
- $ =
T \\ B
™ 7 X
o / T8 1
: 1 7 09
1 y .
{ 1 o
REns 1 le-»* U
ﬁ L 324 0SL ¥0 4d
- - (QuvaNVLS S! 8)
pusn INLOINCEL 20 LHOIIM NI “
> T 3SVIMONI 3NOZ1 O 103443 IONVHT - H
Neo T3 ‘ X 1 ENERENE NN RN 1L ANEEN
3 T t HHH e T
m




BRLH 76-1-42

FOR SHELL, HE, 76MM, M42A|

0009

000¥I|
I

ooozi 00C0| 0008 0C09

000¢

TTTT I T I T I |

1

SQNVA —- FONVY

IR

A N

2
\2
w
\
)

SONVA—193443 3ONVY

AN NN EEERE R
NN EEENEGEENEENEENNNDEE!

3ZNn4 0S1 ¥O ad

ALIDOT3A 3NZZNN NI

3SVINONI Sdd | 40 103343 IONYHT

Lottt b ey g et eprr et el

17




BALLISTIC AND ENGINEERING DATA

BRLH 76-1-42

00091 000Y! 0002 00001 0008 0009 000t 0002 o,
) 1 TTTT VT TTErTTTd -
~ SAYVA -3ONVYH
Paodmn o /l —l
A N
V %0 N
e ,
. &e il )
T ‘% T -.H.wo
\%
o A 33
b & 23
N m
v 45 7]
- 4 Q@ ﬂ ]
2 .%% i
Mv&a T Je
& S 5
i gy o
& a7
1] ) H A a 1 £
L
T
1
n i
i H- o
s , 3Zn4 0S1 HO dd .
o (QNYUNVYIS Si 068}
JHNIVHEIHNZL WY NI ISVIHONI .._o_ 40 ._.Oun.uw w vy
© TTIT It _qu_.ﬂ__.______ i 111 i 1_ _t
IMERENENER! | | IRNERNENERNEN INEEERNRENENEN 1 |




3 00091 _‘___00O¥! 05032 0000l 9 09 0COp
Re T3 EENREENEEREREESSSY M T =
5 T sQ¥YA - IONVE L Z s
m I T . 2
T LT ] . - y.
T . ”
- ot ,ﬁ; » g
4+ H rq &
= <
i (&)
M ~t pd &%A_ﬂ \\\ %0
44 7‘4.._4 -4 o \/.04« Vs o .
R ¥ ..o,vo b&._;u! B -l
s A > -4a
_ _ 3 y, ) o -

A SN mlu.? 1 N w \w &n. .M
Edasaundsnuus S % ]
ﬁu,.ﬂ RN N A1 a* Z e m ]

i L oﬂv ¥ N -
Samas . \+V&u¢_ Oo,vnv -.«-nﬂ
m T ed 4 2 - € ]
, T - - ; N@V Mu ®
{ o et
T T <"
| 3
/ $H°N
i 1L G2
m H
P R
w f C
= 3zn4 OS L ¥0 Ad ;
m ! ONIM HY3MHdNI <0 103443 3ONVY°T
z
[+ 4
2




<
m % 00091 o00PI 000¢! 00001 0008 0009 00Ct 0002 (0]
_ w ENEENNENSUREREARD ] 021~
“ m i mo.m< - JONVYN | 1=
1 Z
; o \ 00!~
i <z ]
<
: 0 \ A
a . EREm)
m /rr -1
108~
( —
2! n O”QQ &“
3 ! -
{ gﬂ.v. .L. mﬂ
i N @.\ .31.
- i Sl m -
i _n : } > /&@g 1 n«“HOwI
AMIW . 0 V i + n:.wn
T =7 1 ? lm“
%o ]
SR : mn
e 0¥
o@O @
bb "
] \.’\N@ .
3 41 : &\g M ) : &~
T Os N &S
7
25 =
! . l Ho
372nd OS L ¥G ad 1T
3 (Q¥VONVLS St %001 Thr
-3 b‘! e 2
Ws ALISNAG MIV NI 3SVINONI % 40 193443 IONVY "Wl LT A
e PO T T U IE NT YO0 00 W00 SN0 J00 WU TH0 JH0 0 WU T YOO U0 YU WA S WO T WL U NN T O WAV A JU0 SO0 O N0 D 0 U W YO W WO S S W A [
«Q

20




FOR SHELL, HE. 76-MM. M42A! . BRLH 76-1-42
9

SECTION V
EFFECT DATA
Paragraph
Fragmentation « = = = « = « o 0 4 0 0t v 0o e b f e n e ae e a . o}
Effectiveness « = = = = = & o = o 0 0t 4 d e et d h e e e e - 10
Ricochetdata - - - = » = o ~ o 0 0 0 b 0 d e e e e h el h el L. 11
Penetration = =« = = = = = = & o v e 0 v e d e h e e hh e s h . e 12

8. Fragmentation. The dsta on fragmentation of the 76~mm HE Shell M42A1 were taken from
TMS-1807, "Ballistic Data, Performance of Ammunition" (Sep 1944) and Vol. T of "T erminal Ballistic Data"
(Sep 1645). The initial fragment velor’ - is 2,280 fps.

a. Casualties.

TABLE 40
CASUALTIES
Average For the lightest
Distance  Total number aumber of effective fragment

ifrom burst  of effective effective frag~ Weight Velozity

(£t) fragments ments per sq ft {oz) {{ps)
r N B m v

20 547 0.109 2,028 1510
30 408 0.04<0 0.33 1340
40 465 0.0231 0.040 1220
80 409 0.0030 0.385 1040
80 370 0.0048 0.087 943
100 531 0.002¢ 2.080 862
150 282 0.0010 0.108 742
200 244 0.0005 (3.137 860
300 191 0.0002 G197 549
400 149 0.0001 0.275 466

21




L T T W T T e T e I T T S T T PR P e YT R v e - cbee L e L L
N

BRLH 76-1.42 BALLISTIC AND ENGINEERING DATA
9

CASUALTIES
o.

VWQV ---- .
)

INCLINATION ©°
HEIGHT OF BURST OFT
REMAINING VELOCITY O FPS

LINE OF
FIRE

-l

30°

ATLEAST IHIT INGLINATION 30°
PER 4 SQFT 0 GHT OF BURST OFT

AT LEAST IHIT
PER I0SQFT REMAINING VELOCITY 815 FPS
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BRLH 976-]-42
CASUALTIES
3
30
INGLINATION 30°
HEIGHT OF BURST 30FT
REMAINING VELOCITY 8IS FPS
_ec?
LINE OF o
T T e
P
w.
-60°
80’
AT LEAST [ HIT BROUND
PERASQFT  UGLINATION 30° o
AT LEAST IHT

PERI0OSQFT HEIGHT OF BURST 60 FT

ST AT LEAST IHIT
Eii he o8 eary REMAINING VELOCITY 8I5FPS
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9
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FOR SHELL, HE 76-MM. M42A1 BRLH 76-1-42
9

b. Perforation of 1/8-inch Mild Steel.

TAELE 41
ZLFORATION OF 1/8 IN. MILD STEEL

Average For the lightest
Distance Total number number of effective fragment
from burst  of effective  effective frag- Weight Velocity
(ft) fragments ments per sq ft (oz) {(fps)
r N B m v
20 284 0.0565 0.106 1,880
30 242 0.0214 0.139 1,740
40 205 0.0102 0.177 1,800
60 151 0.0033 0.270 1,400
80 113 0.0014 0.375 1,270
100 90 0.0007 0.480 1,180
130 64 0.0003 0.648 1,080
160 43 0.0C01 0.825 1,020
180 28 0.0001 - 1.01 963
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PERFORATION 0; I78-INCH MILD STEEL

INGLINATION O°
HEIGHT OF BURST OFT
REMAINING VELOCITY OFPS

LINE CF
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At LEasT 1 INGLINATION 30°
PER4SAFT \0i6HT OF BURST OFT
M AT EasT i e,
lPeR16Sa FT  REMAINING VELOCITY 8IS FPS
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9

PERFORATION OF |/8—INCH MILD STEEL

LINE OF
““FRE
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FOR SHELL, HE, 76.MM M42A1 EQLH 76-1.42
10.12

10. Ziiectiveness. The following data were taken frum Vol. TI of "T :rininal Ballistic Data". They
pertain to the 76-mm HE Shell M42A1 with 2 PD, TSQ or MY Fuze, fired at a muzale velocity of 2,700 fps.

NUMBER OF ROUNDS REQURED AGAINET ENEMY ARTILLERY FOR 90%
PROBABILITY OF AT LEAST ONE EFFECTIVE HIT IN AIMED FIRE

Range Type of Fire

yd Imra=t Tin2 Time and Impact
2% 8 270 13

5C00 55 430 87

11. Ricochet Data. The followirg data were lzken from Vol. TII of "Terminal Ballistic Data". They
pertain to the 7C-mm HE Shell M42A1 with the PD Fuze M48 set for 0.05 sec delay, fired at a muzzle ve-
locity cf 2,700 fps (the PL Fuzes M48A1, M48A2 and M51A4 have 0.15 sec delay).

T/.BLE 75

PE in
Range Angle of Angle of Impact Height  Height
Fall Raecovery to Burst of Burst of Burst

ya mils mils yd ft ft
1,000 8 20 40 3 0
2,000 20 35 33 4 1
3,000 38 60 26 5 i
4,000 85 100 21 6 i
5,000 108 150 18 7 1
6,000 163 210 12 7 2
7,000 233 260 g 7 2
8,00n 316 300 8 6 1
9.000 407 315 4 4 1

12. Penetration. The ducz on perstration of concrete by the HE Shell M42B1 with the CP Fuze M78
were taken from TM9-1807, "Ballistic Data, Performance of Ammunition”. The data on penetration into
medinm earth and logs by the HE Saell M42A1 with the DP or CP Fuze were taken from Vol. TII of " Termi-
nal Ballistic Data".
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BRLH 76-1-62
1

Ballistic Research Laboratories Ballistic Research Lab.
t Handbook of Ballistic and Aberdeen Proving Ground,
3 Engineering Data for , mmunition, Maryland.

No. 76-1-62. 3 February 1949

BALLISTIC AND ENGINEERING DATA
for
Projectile, APC, 76-mm (3-inch), M62A1
with
Fuze, BD, M66A1

Section Paragraph

I General =-~--cemacacca- 1

I Description -----=ee-a- 2 -4

I Interior ballistic data--- 5

v Exterior ballistic data -- 6-7

\Y Eifect data ~---=--uae-- 8
SECTION I
GENERAL

Paragraph
Purpose = = = = = = = - v - = - = - - st - e s e .ae e - .- 1

1. Purpose. The purpose of this number of the handbook is to furnish a concise collection of infor-
mation regarding the shape, dynamics, ballistics, and effects of the 76-mm (3-inch) Armor-piercing Capped
Projectile MB2A1 with the Base Detonating Fuze MB86A1, which contains a tracer composition. This infor-
mation is collected from the drawings, reports, firing tables, and technical manuals pertaining to this am-

munition.
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FOR PROJECTILE. APC, 76-MM. M62A1

ATy 5 I TR ST IR TR T i e

BRLH 76.-1.62
2-4

SECTION It
DESCRIPTION
Paragraph
Drawings = = = = = = = = = = = & - -t e e e e e o h e hl s e 2
Dimensions - = = - = = = = =« & - o S0 o 0oL L el e e s Lo 3
Physical characteristics ~ -~ = - « - - - - 2 . oL oL Ll L0 4
2. Drawings.
Projectile: Metal parts assembly and details 75-2-292
Fuze: Assembly 73-2-178
Details 73-2-179
Details 73-2-180
3. Dimensions.
Fuze: Length (outside) 0.42 cal
Band: Distance from base 0.274 cal
Width 0.346 cal
Body: Cylindrical length 1.82 cal
Ogival length (outside) 0.25 cal
Radius of ogival arc 1.273 cal
Cap: Length (outside) 0.40 cal
Radius of ogival arc 7.00 cal
Windshield: Length 1.92 cal
Radius of ogival arc 7.00 cal
Length: Ogive 2.57 cal
Projectile without fuze 4.39 cal
Projectile and fuze 4.81 cal
4. Physical characteristics.
Weizht (standard) 15.40 b
Base of projectile to center of gravity 1.404 cal 9

Axial moment of inertia
Transverse moment of inertia

16.97 1b. in.
104.8 1b. in.2
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5.6
SECTION II
3 INTERIOR BALLISTIC DATA
f:i Paragraph
i Theoretical yaw Inbore = « = « = = = = @ = = 2o 0 = o 0 2 o 0 0 00 - - - 5
5. Theoretical yaw in bore.
- Minimum 8 min
3 Maximum 13 min
SECTION IV
EXTERIOR BALLISTIC DATA
. Paragraph
Aerodynamic data = = = = = = = = = = o = ¢ - b m e e - e e mme - - 8
Firingtabledata - = = = = = = = = @ & 0 0 & & & e 0 00 e s e e - .- vi

6. Aerodynamic data.
a. Drag. The following results were obtained from resistance firings.

Muzzle Drag Form Ballistic Drag
Velocity Function Factor Coefficient Coef.
ips i C K‘D
2000 GG 1.0582 1.627 0.157
2600 G6 1.052 1.627 0.129

b. Stability. Ballistic Research Laboratory Report No, 427, "Scability of 3-inch Armor-piercing
Projectiles”, gives the results obtained from stability firings of the 3-inch APC Projectile M62 with BD
Fuze M66A1 from the 3-inch Antitank Gun M5, whose twist of rifling is 1/40. The 76~-mm Tank Gun M1A2
has a twist of rifling of 1/32.

Muzzle Moment Stability Factor
Velocity Coefficient Twist of Rifling
fps K 1/40 1/32

M L= fnd Ml

1600 1.48 1.09 1.70
2600 1.41 1.14 1.78
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FOR PROJECTILE, APC, 76-MM, M62AI BRLH 77(.»1-62
7. Firing table data.
Gun 76-mm M1A2 (Tank) 3-inch M5 (Antitank)
Twist of rifling 1/32 1/40
Muzzle Velocity 2600 fps 2600 {ps
FT 76-C-1 3-w-1

OCM item 16167 standardized the 3-inch AP Projectile M82, which was latzr called an APC Pro-
jectile. OCM item 18656 authorized its use in the 76-mm Gun Ml. The 76-mm Guns Ml and MiAl, with

1/40 twist, are now obsolete.
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ﬁ: BRLH 75-1.62 BALLISTIC AND ENGINEERING DATA
8
: SECTION V
1 EFFECT DATA
; ' Paragraph
g Penetration = = = = « = = « = o = = 4 0 0 v 0o 00t h it e saa- 8
3 8. Penetration.
a. Ballistic Limits of Armor Plate.
Plate Ballistic Limit Number
Type Thickness Obliquity in
inches degrees Type Ips Average
Face 3 20 Navy 1742 28
Hardened 3 30 Navy 2027 1
Homo- 3 20 Army 1726 2
geneous 3 20 Navy 1852 2
4 30 Navy 2391 1

b. Vulnerability of German Tanks (Panzerkampfwagen)
MV: 2600 fps, These data were taken from TM3-1907, "Ballistic Data, Performance of Ammunition".

Maximum Vulnerable Range - yd.

Tank Model Iir v \'A
Attack | Angle -~ deg 0 25 0 25 0 25
Frontal | Turret Sides 5000+ 5000+ | 5000+ 5000+| 2880 720
Turret Rear ——— me—- --e- ---- ] 2880 720
Turret Front 4020 2930 4220 3080 | = *
Upper Hull I'ront | 3230 1740 3300 1740 | 1020 *
Lower Hull Front | 2600 1180 3040 1600 | * *
Flank Turret Sides 5000+ 5000+ | 5000+ 5000 | 2880 720
Turret Rear 5000+ 5000+ | 5000+ 5000+ 2880 720
Turret Front 4020 2930 4220 3080 | * *

Upper Hull Sides 5000+ 5000+ | 5000+ 5000+| 2880 720
TLower Hull Sides { 5000+ 5000+ | 5000+ 5000+ | 3980 3000

Rear Turret Sides 5000+ 5000+ 5000+ 5000+ | 2880 720
Turret Rear 5000+ 5000+ 5000+ 5000+ 2880 720
Turret Front 4020 2930 4220 3080 * *

Upper Hull Rear 3900 2860 5000+ 5000+{ 2200 550
Lower Hull Rear | 4220 3080 5000+ 5000+ 2200 550

*Not vulnerable,

12
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FOR PROJECTILE, APC, 76-MM, M62Al

€. TOTAL NUMBER OF ROUNDS NECESSARY

= TO OBTAIN 20% PROBABILITY OF AT LEAST

1

ONE PERFORATION IN TARGETS OF
GRADE A CONGCRETE (5000 PSI)
MV 2600 FPS

BRLH 76-1.62
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f BALLISTIC DATA, PERFORMANCE OF AMMUN!TION

...................

TGRAPH | TARGET DMENSIONS—FT
THICKNESS  HEIGHT WIDTH
A 7 10
B 5 45
c 5 0 157030 =
2 SESN 3 45
f RANGE - YARDS Hi
ARAENERENEREEN|

3000 4000 .5 5000
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8

f. Total Number of Rounds Necessary to Obtain 80% Probability of Enough Hits to Maks a Breach
12 Ft Wide in a Concrete Wall 10 Ft High. From TM 9-1907, "Ballistic Data, Performance of Ammunition”.

MV 2800 fps
Range 1000 yd

v Wall thickness 8 ft
No. of rounds 100

10 ft
180
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Ballistic Research Laboratories
Handbook of Ballistic and
Engineering Data for Ammunition,

BRLH 76-1.79
I

Ballistic Research Lab.
Aberdeen Proving Ground,
Maryland.

No. 76-1-79 4 February 1949
BALLISTIC AND ENGINEERING DATA
for
Shot, AP, 78-mm (3-inch), M79 with Tracer
Section Paragraph
I General ---es-ccceacacecnoao 1
T Description ~~-=-=vmccccacao 2-4
I Interior ballistic data ~-=---- 5
v Exterior ballistic data ------ 6«17
A4 Effect data ~-~=c-ecamcanaaa- 8
SECTION I
GENERAL
Paragraph
PUrpose = = = = = =~ = v » ® ¢ o 0 = v . et . e m e ... s - 1

1. Purpose. The purpose of this number Of the handbook is to furnish a concise collection of infor-
mation regarding the shape, dynamics, ballistics and effects of the 76-mm (2-inch) Armor-piercing Shot M7¢

with Tracer. This information is collected from the drawings, reporte, and firing tables pertaining to this

ammunition.
SECTION I
DESCRIPTION
Paragraph
Drawing =~ = = = = = e ¢ o = o o = 2o 0 - 6 0 ot e m s m e e - - 2
Dimensions = = = = = =~ = = = = = 4 - .o - o mw s s e s - o .- 3
Physical characteristics = -« = = = = = = = - - 0 oo 0 - -0 v 0o 4
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FOR SHOT, AP, 76.-MM, M79 BRLH 76-1.79
2-5

2. Drawing.

Shot: Metal parts assembly and detalls 75-18-45

3. Dimensions.

Band: Distance from base 0.257 cal
Width 0.336 cal

Cylindrical body: Length 1.844 cal

Ogive: Lengtn 1.189 cal
Radius of arc 1.667 cal

" Shot: Towal Length 3.033 cal

4. Physical characteristics.

Weight (standard) 15,00 b

Base to center of gravity* 1.33 cal 5

Axial moment of inertia* 15.90 lb.in

Transverse moment of inertia* 81.85 1b.in2

*Estimated on the basis of measurements of the 37-mm AP Shot M80.

SECTION IT
INTERIC . »ALLISTIC DATA

Paragraph
Theoretical yaw inbore = =« = = = = « = = - v v 2w 000 0 v 000 0o 3
5. Theoretical yaw in bore.
Minimum 8 min
Maximum 12 min
SECTION IV
EXTERIOR BALLISTIC DATA
Paragraph
Aerodynamicdata - - = = = = = - - - - - - I T T T 8
Firing tabledata =« « = = = = = = = 0 0 c 0 - 0 b 4 a0 et s m e s e 7
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BRLH 76-1-79 BALUSTIC AND ENGINEERING DATA
6-7

8. Aerodynamic datz.

: a. Drag. A form factor of 1.05 relative to Projectile Type 1 was determined from resistance firings
. at a muzzle velocity of 2600 fps. The corresponding ballistic coefficient is 1.59 on the G1 drag function. The

1 drag coefficient is 0.229 at 2600 fps.
! b. Stability. No stability firings have been conducted with the 76-mm AP Shot M79. The stability
. factor estimated from that of the 37-mm Armor-piercing Shot M80 (Ballistic Research Laboratory Report
438, "Yaw and Drift of 37-mm Armeor-piercing Shots") at a muzzle velocity of 2600 fps and a twist of rifling
’ of one turn in 40 calibers is 3.4.
h 7. Firing table data.
- Gun 76-mm M1A2 (Tank) 3-inch M5 (Antitank)
3 Twist of rifling 1/32 1/40

Muzzle velocity 2600 fps 2600 fps

FT 76-A-8 (p. 18) 3-T-1 (Abridged)

OCM items 17458 and 17523 recommended and approved calssification of the 3-inch AP Shot M79
as substitute standard (the APC Projectile M62, which is niore difficult to manufacture, is standard). OCM
items 19052 and 19204 recommended and approved it use in the 76-mm Gun Ml. The 76-mm Guns M1 arnd
M1Al, with 1/40 twist, are now obsolete.

a. Form factor (Projectile Type 1): 11 =1.05.

b. Ballistic coefficlent (Projectile Type 1j: C1 = 1.59.
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FOR SHOT, AP. 76.MM, M79

SECTION V
EFFECT DATA
Paragraph
- 8

Penetrationy = = = « = = = = = = = o = o 2 0 2 m oo e e .- -
8. Denetration.

BALLISTIC LIMITS OF ARMOR PLATE

Homogeneous Plate Ballistic Limit
Number
Thickness Obliquity Type fps in
inches degrees , — Average
3 0 Army 1358 2
4 0 Army 1719 1
3 0 Navy 1512 2
4 0 Navy 19811 1

BRLH 76-1.79
8




BRLH 76-1.93
1

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

No. 76-1-83. 3 February 1949

RALLISTIC AND ENGINEERING DATA
for
Shot, HVAP, 76-mm, M83 with Tracer

Secticn Paragraphs

I  General -ceeecmcnmcccaaa. 1

84 Description -wecmnececccaa 2-4

m Interior ballistic dsta ----- 5

v Esxterior ballistic data --<- 6 -7

v Effect date cov-wceccnanax 8
SECTION I
GENERAL

Paragraph
Purpose = ¢ = =« = e = e - s e e e s e - e e . e - 1

1. Purpose. The purpose of thi> number of the handbook is to furnish a concise collection of infor-
mation regarding the shape, dynamics, ballistics ard effects cf the 76~mm Hypervelocity Armour-piercing
Shot M93 with Tracer. Tiis informat.on is collected from the drawinge, reports, and firing tables pertain-

ing to this ammunition 4nc to earlier experimental models of the T4 series (the M33 Shot weas designated

T4F20).
SECTION ©
DESCRIPTION
Paragraph
Drawings = = = = = = © = = s o 0 m o m o e e e m e .- e s e - 2
Dimensions « = = = ~ = = « o & 0 m e 2 e ot s et e e e .. n - 3
Physical characteristics = « » ~ v = ¢ = 0 o - v m e v e el e 4
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FOR SHOT, HVAP, 76.MM, M93

2. Drawings.

Metal parts assembly
Metal parts details

3. Dimensions.

Band: Distance from base
Width

Base and body: Length of base
Length of body and bourrelet
Length of bourrelet ring

Length of base, body and bourrelet

Windshield: Length
Radius of arc
Vertical angle of cone

Shot: Total length

Core: Diameter

4. Physical characteristics.

Weight of shot with tracer
Weight of shot without tracer
Weight of core

Base to center of gravity*
Axial moment of inertia*
Transverse moment of inertia*

BRLH 76-1.93
2-5

75-2-361
75-2-362 and 363

0.40 cal
0.37 cal

0.86 cal
0.83 cal
0.17 cal
1.69 cal

1.96 cal
0.83 cal
28.68 deg

3.85 cal
1.50 in

9.31 1b
9.30 1b
3.95 Ib
1.178 cal ,
8.54 1b, in
44,2 1b. in

’

*Calculatad from the dimensions of the HVAP Shot T4E1L, which is approximately the same shape as

the M93 Shot, but weighs 9.97 1b and has a 3.98-1b core.

SECTION II

INTERIOR BALLISTIC DATA

Theoretical yaw inbore - - = ~ « = = - = . m e -

5. Theoretical yaw in bore.

Minimum 8.5 min
Maximum 13.6 min

Paragraph
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s SECTION IV

. EXTERIOR BALLISTIC DATA

g.

E‘ Paragraph

B Aerodynamic data - - = -~ = = = = =~ = © = = = = % =& o o 2o oo a- -~ 8

2 Firingtabledata - = = = = = = = = = = @ = o = 2 0 0 0 - 200 7

6. Aerodynamic data.

a. Drag.

Shot T4E17 M93
* Drag function G8 G8

Muzzle velocity 3400 fps 3400 fps

Form factor (18) ' 1.175 1.185

Ballistic.coefficient (C8) 0.879 0.888

Drag coefficient (KD) 0.111 0.110

b. Stability.

Shot T4E17

Muzzle Velocity 3440 fps

" Moment coefficient (KM) 0.87

Gun, 76-mr: M1Al M1A2

Twist of rifling 1/40 1/32

Stability factor 1.44 2.25

1. Firing table data. FT 76-C-1. MV 3400 fps.

Gun, 76-mm, M1A2. Twist of rifling: 1/32. The 76-mm Guns Ml and M1Al, with 1/40 twist, are now
obsolete.

Standardization of the 76-mm HVAP Shot M93 with Tracer was recommended by OCM item 26551 and
approved ty OCM item 26841,

a. Form factor (Projectile Type 8)° 18 =1,175

This value was determined by resisi...ce firings of the AP Shot T4E17 with a mean instrumental ve-
locity of 3337 fps. ’

b. Ballistic coefficient (Proj Type 8): 08 = 0.879.
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FOR SHOT, HVAP, 76 MM, M93 - BRLH 76-1.93

- . 8
SECTION V
L; EFFECT DATA
» Daragraph
- Penetration = = = = = = = =« = - 2 6 o ¢ 0 c 0 Lt n L Ll n Ll L 8

8. Penetration. The chart on page 8 was taken from Ballistic Research Laboratory Report No, 533,
"Penetration of Armor by 76-mm and 90-mm HVAP Projectiles".
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BRLH 81-1.43
1

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

No, 81-1-43 4 February 1949

BALLISTIC AND ENGINEE.:.ING DATA
for
Shell, HE, 81-mm, M43 and M43A1
with
Fuze, PD, M45, M52 and M52A1

Section Paragraph
I General ~--ev-ecemmacocaaeao
I Description ~ec=vece cccmannaa 2.4
m Exterior ballistic datg-~e-ce-- 5-8
v Effect data e=ewmceccacecncca" 7
SECTION 1
GENERAL
Paragraph
PUrPOSE = = = = = = = = = = = 2 0 = = . o c 2 6 = = a o o a=ee==-a 1

1. Purpose. The purpose of this number of the handbook is to furnish a concise collection of infor-
mation regarding the shape, dynamics, ballistics and effects of the 81 -mm High Explosive Shell M43 with the
Point Detonating Fuze M45 and the 81 -mm High Explosive Shell M43Al with the Point Detonating Fuze M52
or MB2A1. This information is collected from the drawings, reports, firing tables, and technical manuals
pertaining to this ammunition,

SECTION I
DESCRIPTION
Paragraph
Drawings = = = = = = = = = = - = & ¢ s o - . - . ... e mee. - 2
Dimensions = = = = = =~ = = = ¢ = v ¢ o e 0 e v o m s e e e 3
Physical characteristics = = = = = = = =« = 0 0o o o o 0 0 v 0 - k-
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FOR SHELL, HE, 81-MM. M43 AND M43A1 BRLH 81.1.43
2-4

2. Drawings.
Complete round, HE Shell M43 with PD Fuze M45:
Assembly and marking diagrain 75-1-47
Complete round, HE Shell M43Al with FD Fuze M52:
Assembly and marking diagram 75-1-88
i Shell: Metal parts assembly and details 75-2-261
Fins: Assembly and details 75-2-262
PD Fuze M45: Assembly 73-1-143
PD Fuze MbZ or M52A1: Assembly and details ‘ 75-1-161
3, Dimensions,
Fins: Number - 8
Length (omitting front slope) 0.66 cal
Length of assembly (outside) 0.96 cal
Shell: Radius of arc behind bourrelet 8.78 cal
Radius of arc in front of bourrelet 1.33 cal
Length of rear part 1.64 cal
Length of bourrelet 0.32 cal
~ength of front part 0.36 cal
Length of adapter (outside) 0.10 cal .
Total length 2.42 cal
Fuze: M45, outside length ’ 0.73 cal
M52, outside length 0.74 cal
f Length: Shell and fin assembly 3.38 cal
Shell, fin assembly, and fuze M45 4.11 cal
Shell, fin assembly, and fuze M52 4.12 cal
4. Physical characteristics.
Weight (standard) 6.92 1b
Center of gravity to point of fuze 1.92 cal 9
Transverse moment of inertia 68.97°1b.in
SECTION I
EXTERIOR BALLISTIC DATA
Paragraph
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FOR SHELL HE, 8§1-MM, M43 AND M43A1 BRLH 81.1-43
6

8. Firing table data.

FT 81-B-2 371 FT 81-B-4 (abridged).

Mortars, 81-mm, Ml and M21; Mortar, Trench, 3-inch, Mark IA2. Smoocth bore: muzzle loading.
Projectile weight: 6.87 lb, OCM items 8909 and 1N024 recommended and approved standardization of the
HE Shell 43 for the 81 -mm Mortar M1, OCM items 11703 and 11787 recommended and approved siandardi-
zatioa of the JE Shel! »143 for the 3-inch 'Trench Mortar Mark [A2 with charges 0 to 4, but not with the
largsy chsrges. OCM iteao 28162 and 23822 reccmmendad and approved standardization of the HE Shell
M4J .or the 8i.mm Mcrtar M21; OCM Iam 31408 restandardized it after further development of the mortar,
FT 81-R-1 (abridged) is a range-elevation table for the 8i-mm Mortar T27, which is the M21 Mortar with-
o4, “he Exiencion Tube and is us d with charges 0 to 3 at snort ranges,

a- Form factor data. The following form factors relative to Projectile Type 1 were determined
fr~11 the ranges tabulated in FT 81-B-2 for an elevatiou of 45°.

Charge Muzzle Velocity Form Factor
ips 11
0 235 .55
1 332 .69
2 419 .78
3 499 12
4 572 .15 .
5 838 ST
8 700 .84

b. Ballistic coefficient data. The following ballistic coefficients relative to Projectile Type 1 were
determined from the ranges tabulated in FT 81-B-2 for an elevation of 45°.

Charge Muzzle Velocity Ballistic Coefficient
fps C1
0 235 1,230
1 332 0.984
2 419 0.881
3 485 0.844
4 572 0.808
5 838 0.881
6 700 ’ 0.8C2
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SECTION 1V
EFFECT DATA
Paragraph
‘ Fragmentation =~ = - = = = = = = = = o 4 0 mce o 0 cm et e -aa - 7

7. Fragmentation. The data on fragmentaticn of 81-mm HE Shell M43A1 were taken from "Terminal
Ballistic Data", Vol. III, The initial fragment velocity is 3,930 fps.
a. Casualties.

TABLE 42
CASUALTIES
Average For the lightest
Distance Total number number of effactive fragment
from burst  of effective effective frag- Weight Velocity
{t) fragments ments per sq ft (0z) (fps)
r N B m v
20 818 0.183 0.008 2570
30 895 0.0815 0.014 2080
50 645 0.0321 0.017 1870
80 541 0.0120 0.027 1480
80 459 0.0057 0.038 1250
100 384 0.0031 0.051 1080
150 287 0.0008 0.077 880
200 169 0.0003 0.104 758
300 78 0.0001 0.159 611

10
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b. Perforation of 1/8-inch mild steel.

TABLE 43
PERFORATION OF 1/8 IN. MILD STEEL

Average For the lightest
Distance  Total number number of effective fragment
from burst  of effective effective frag- Weight Velocity
(ft) fragments ments per sq ft  (0z) (fps)
r N B m v
20 541 0.108 0.027 2970
30 . 473 0.0418 0.038 2870
40 407 0.0202 0.047 2430
80 282 0.0082 0.073 2090
80 164 0.0020 0.108 1870
100 88 0.0007 0.148 1720
120 58 0.0003 0.197 1530
140 0 0.2002 0.258 1420
180 23 0.0001 0.399 1240
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|
Ballistic Research Laboratories Ballistic Research Lab.
Handbook of Ballistic and Aberdeen Proving Ground,
Engineering Data for Ammunition, Maryland
No., 81-1-56 4 February 1949

BALLISTIC AND ENGINEERING DATA
. for
Shell, HE, 81-mm, M56
with
Fuze, PD, M53, M53A1 or M52Al, and Fuze, TSQ, M77

Section Paragraphs

I General c-ececcocamuecncan - 1

it Description ==--=-eececacacaan 2-4

I Exterio: ballistic data -«-vce-- 5-1

v Effect data -emcecwecmccceccas 8-9
SECTION I
GENERAL

4 Paragraph
PUrpoSe = « = = = = = = = = 0 - e 2 - e o - e .t ...~ 1

1. Purpose. The purpose of this number of the handbook is to furnish a coneise collection of infor-
mation regarding the shape, dynamics, ballistics and effects of the 81 -nim High Explosive Shell M56 with
the Point Detonating Fuze M53, M53A1 or M52A1, and with the Time and Superquick Fuze M77. This infor-
mation is collected from the drawings, reports, firing tables, and technical manuals pertalning to this

ammunition.
SECTION II
DESCRIPTION
Paragraph
Drawings = ~ = = = = = = = = = = = = = - - - - .- .- .- - - 2
Dimensions = = = = = =« = = - = 2 2 ¢ s 0 e o e - - e, ... -~ 3
Physical characteristics - - = = « = = = - - e e e et e e e .. 4
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FOR SHELL. HE, 81-MM, M56 BRLH 81.1.56
2-4

2, Drawings.

Shell: Metal parts assembly and details 75-2-283

Fins: Assembly and details 75-2-277

Increment, Propeliant M2 or M2A1, and Holder:

Assembly and details 71-12-16
Fuze MbH3 or M53Al: Assembly and details 73-1-165
Fuze MH2A1l: Assembly and details 73-1-161
Fuze M77: Assembly 73-3-171
Complete Round: Assembly and marking diagram,

With Fuze M53 75-1-97

With Fuze M77 75-1-~197
Rirg for adapting shell to Fuze M77 73-3-175M .

.

3. Dimensions.

Fins: Number 12
Lergth 0.549 cal
Length of assembly (outside) 1.693 cal

Shell: Length of rear part 1.196 cal
Length of rear bourrelet 0.395 cal
Length of front bourrelet 0,304 cal
Length of ogival part 0.684 cal
Radius of ogival arc 1.997 cal
Total length 4.539 cal

Adapter: Length (outside) 0.185 cal

Ring: Length 0.217 cal

Fuze: Length (outside) of M53 0.740 cal

MBE3AT 0.737 cal

MS2A1 0.753 cal

M77 1.188 cal

Length: Shell, adapter, and fin assembly 6.417 cal
Same with Fuze M53 7.157 cal

Same with Fuze M77 7.837 cal

4, ™bhysical characteristics.

With Fuze M53: Weight (standard) 10.62 Ib
CG to juncture of adapter and fuze 2.324 cal*
With Fuze M77: Weight (standard) 11.62 1b

*The National Bureau of Standards located the center of gravity of a projectile filled with carbon
tetrachloride, whose specific gravity is 1.61 at 22°C (Lyman J. Briggs, "Report on Aerodynamic characteristics
of the 60-mm Mortar Projectile M49A2 and the 81-mm Mortar Projectile M56", N.B. of S. VI-4/64, 1942},
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SECTICN Il
EXTERIOR BALLISTIC DATA

Paragraph
Aerodynamicdata = = = - = = - - - . - o e et ct m e e e e s .- 5
Firing table data: PDFuzes « - = = = = = = = = =« = = 0 o 0 0o 0 - v =« - - 8
Firing table data: TSQ Fuze ~ = = = = = = = = ¢ = = 2 0 0 0 o v = = v - - 7

5. Ae-odynamic data. The aerodynamic coefiicients shown graphically on page 4 were computed
from the forces and torques measured by the Bureau of Standards in a2 wind tunnel at a velocity of 100 fps
(see par. 4).

6. Firing table data: PD Fuzes.

FT 81-C-2, (Part1).

Mortars, 81-mm, M1 and M21; Smooth bore: Muzzle loading. Projectile weight: 10.62 ib. OCM
items 15627 and 156874 recommended and approved standardization of the HE Shell M58 with PD Fuze M53
for the 81-mm Mortar M1. OCM items 28162 and 28822 recommended and approved standardization of this
ammunition for the 81-mm Mortar M21; OCM item 31408 restandardized it after further development of the
mortar, FT 81-Q-2 (abridged) is a range-elevation table for the 81-mm Mortar T27, wkich is the M21
Mortar without the Extension Tube and is used with charges 1 and 2 at short ranges. OCM iteras 24288 and
24598 recommended and avproved the classification of the PD Fuze MB52Al as suostitute standard for the
HE Shell M58.
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SECTION IV
EFFECT DATA
Paragraph
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Penetration = = = = = = = = = = = = = = = @ e 2o - ===~~~ -~ 9

8. Fragmentation. The data on fragmentation of the 81.mm HE Shell M56 were taken from TMY-1907,
"Ballistic Data, Performance of Ammunition” (Sep 1944) and Vol. III of "Terminal Ballistic Data" (Sep 1945).
The initial fragment velocity is 6,180 fps.

a. Casualties.

TABLE 44
CASUALTIES
Average For the lightest
Distance  Total number number of effective fragment
from burst  of effective effective frag- Weight Velecity
(ft) fragmeiits ments per sq &t {oz) (fps)
r N B m v
20 2580 0.513 0.004 3860
3C 2080 0.182 0.006 3150
40 1680 0.0836 0.008 2720
80 906 0.02C0 0.014 2060 .
] 814 0.0076 0.021 1680
100 412 0.0033 0.020 1430
150 170 0.0008 0.0586 1030
200 112 0.0002 0.080 862
300 63 0.0001 0.128 682
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b. Perforation of 1/8-inch mild steel,
3 TABLE 45
i PERFORATION OF 1/8 IN. MILD STEEL
- Average For the lightest
Distance Total number number of effective fragment
] from burst  of effective effective frag- Weight Velocity
3 (i) fragments ments per sq ft (oz) (fps)
T N B m v
20 1040 0.208 0.012 4060
30 762 0.0874 0.017 3580
40 583 0.0290 0.022 3200
60 314 0.0069 0.035 2700
80 193 ©0.0024 0.051 2360
100 130 0.0010 0.071 2110
120 76 0.0004 0.097 1800
140 83 0.0003 0.128 1780
170 40 0.0001 0.188 1560
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PERFORATION OF 1/8-INCH MLD STEEL
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Ballistic Research Laboratories Ballistic Research Lab.
Handbook of Ballistic and Aberdeen Proving Ground,
Engineering Data for Ammunition, Maryland
No. 81-1-857 8 February 1949
BALLISTIC AND ENGINEERING DATA
for
Shell, Smoke, 81-mm, M57
with
P Fuze, PD, M52 or M52A1, and Fuze, TSQ, M77
Section Paragraphs
1 I General -ewesmeeccceccecccccaca 1
3 II Dascription =c--cecccceeenman 2-4
3 Il Esterior ballistic data =------= 5-8
1 SECTION 1
GENERAL
Paragraph
Purpose-----------' ---------------------- 1

1. Purpose. The purpose of this number of the handbook is to furnish a concize callection of infor-
mation regarding the shape, dynamics and ballistics of the 81 -mm Smoke Shell M57 with the Point Detonating
Fuze M52 or M52A1 and with the Time and Superquick Fuze M77. This informaticn is coilected from the

drawings, reports, and firing tables pertaining to this ammunition.

SECTION I
DESCRIPTION
Paregraph
Drawings =~ = = = = = = = = = = ¢ = = o = o 0 s - e m e - . m e e 2
Dimensionas = = = = = = = = = = « = = = = = = - o -k e sesemm - 3
Physical characteristics « = = = « = = =« = o v 0 o 0 - L0l o - 0oL 4
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2. Drawings.
Shell: Metal parts assemtly and detalls 75-2-984
Tins: Asserbly and detzails 75-2-2717
Increment, Propellant, M2 or M2A1, and Holder:
Assembly and details 71-12-16
" Fuze: Assembly and details 73-1-161
Complete Rounds: Assembly and marking diagram,
With Fuze M52 and FS 75-~1~94
With Fuze M52 and WF 75-1-93
With Fuze M77 and F3 75-1-198
With Fuze M77 and WP 75-1-18%
Ring for adapting shell to Fuze M77 73-2-175M
3. Dimensions.
Fins: Humber 12
Length 0.549 cal
Length of assembly (outside) . 1.693 cal
Shell: Length of rear part 1.196 cal
Length of rear bourrelet 0.395 cal
Length of front bourrelet 0.304 cal
Length of ogival part 0.684 cal
Radius of ogival arc 1,997 cal
Total length 4,539 cal
Adapter: Length (outside) 0.185 cal
Ring: Length 0.217 ca?
Fuze: Length (outside) of M52 0.740 cal
Mb52A1 0.753 cal
M77 1.188 cal
T.ength: Shell, adapter, and fin assembly 6.417 cal
Same with Fuze M52 7.157 cal
Seme with Fuze M77 7.637 cal

4. Dhysical characteristics.

a. Chemical charges.

(1} Fuming Spray: A liquid, which turrs to smoke when released.

(2) White Phosphorus: A pale yellow solid. A layer of 1/8 inch of water is included in the charce.
When released, this forms a white smoke, which is poisonous,

b. Weights. The standard weights of the fuzed projectiles are:

Charge Fuze M52 Fuze MT7

FS 11.861b 13.03 b
WD 11.36 1b 12,53 b
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SECTION I
EXTEKIOR BALLISTIC DATA
— Paragraph
Aerodynamicdata = = = « = = = = = - - h e e e hh e e m s ... -, 5
Tiring table data (FS) : PDFuze = = = = = = = = = = 2 o = 5 =~ @« = = = = = )
. Firing table data (WP): PDFUZE = = = = = = = = = = = = = = @ = = = = « = 7
3 Firing table data (WP): TSQFUZE = = = = = =~ = = = = = = = = = = = « = - «~ 8

E 5. Aerodynamic data. Since the Smoke Shell M57 has the sare shape as the High Explosive Shell

! 1586, its drag coefficient and cross wind force coefficient should be the same. These are given in OH 81-1-58.
4 The position of the ceater of gravity and consequently the moment coefficient may be different with the chemi-
cal charges from what they are with the high explosive charge; they have not been measured with the chemical

charges.

6. Firing table data (FS): PD Fuze.

FT 81-C-2 (Part. 2)

Mortars, 81-mm, M1 and M21. Smocth bore: muzzle loading. Projectile weight: 11.86 1b. OCM
items 15627 and 15674 recommendad and approved standardization of the Smoke Shell M57 with PD Fuze
M52 for the 81-mm Mortar M1. OCM items 28162 and 28822 recommended and approved standardization
of this ammunition for the 81 -mm Mortar M2!; OCM item 31408 restandardized it after further development
of the mortar. FT 81-Q-2 (abridged) has a range-elevation table for the 81-mm Mortar T27, which is the

TR T“i LR L

~.’-u' I,

M21 Mortar without the Extension Tube and is used with charges 1 and Z at short ranges.
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SECTION 1
GENERAL
Paragraph

.................... 1

~

1. Purpose. The purpose of th's number of the handbook is to furnish a concise collection of infor-

mation regarding the shape, dynamics, ballistics, and effects of the 90-mm Armor-piercing Shot T33 with

Traces. This information is collected 1rom the drzwings, reporis, firing tables, and technical manuals

pertaining to this ammunition.
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FOR SHOT. AP, 90.-MM, T33 BRLHZ9(;-I-T33

SECTION N1
DESCRIPTION
. Paragraph
- Drawings = = = = = = = = = = = - =« e e - - et e - s st mt el .- . 2
Dimensions = = = = = = =« = o« o @ o om0 m e oot e m e s o Lo 3
Physical characteristics = = = « = = = = = - 0 ¢ 4 c e Lo a Lot e . 4
2. Drawings.
Shot: Metal parts assembly and details 75-2-388
Body 75-18-44A
Windshield 75-18-51A
3. Dimensions.
Rand: Distance from base 0.282 cal
Width 0.3386 cal
Body: Cylindrical length 1,951 cal
Ogival length 0.829 cal
Radius of ogival arc 1.496 cal
Windshield: Length 1.948 cal
Radius of ogival arc 9.015 cal
Length: Ogive 2.207 cal
Shot 4,158 cal
4. Physical characteristics.
Weight (standard) 24.06 1b
Base to center of gravity 1.241 cal 9
Axial moment of inertia 35.64 b.in
Transverse moment of inertia 191.4 b.in
SECTION I
INTERIOR BALLISTIC DATA
_lziragraph
Theoretical yaw inbore = = = = = = = = = =« = = = e 00 oo m v oo v 5

5. Theoretical yaw in bore.

Minimum 3.0 min
Maximum 5.5 min
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SECTION IV
EXTERIOR BALLISTIC DATA
Paragraph
Aerodynamicdata = = = = = = 2 2 = 2 & - - c 2 4 4 et e m e s s ... 8
Firingtabledata = = = =« = = = o = = 0 = = s 0 0 @ L0 et n st 7

6. Aerodynamic data.

a. Drag. The following data were obtained by resistance firings (see Ballistic Research Laboratory
Memorandum Reports 338, "Ballistics of 90-mm AP Shot T33", and 347D, "Stability Factor of 90-mm Shot
T30E15, and Form Factors of 80-mm Shot T30E15, APC Projectile M82, and AP Shot T33").

Velocity Drag Form Ballistic Drag
ips Function Factor Coefficient Coefficient
2666 GG 1.01 1.90 121
3029 G7 1.81 1.81 .108

b. Stability. Ballistic Research Laboratory Memorandum Report 33€, "Ballistics of 30-mm AP
Shot T33", gives the results obtained from stability firings of this projectile from the 90-mm Cua Ml

Muzzle velocity 2700 ips
Moment coefficient 1.24
Twist of rifling 1/32
Stability factor 2.12

7. Firing table data. FT S0-F-1

Guns, 90-mm, M1, M1A1l, M2, M3 and M28,
Twist of rifling: 1/32,

Muzzle velocity: 2800 fps.

Projectile Weight: 24.0 1b.

OCM item 29599 recommended that the AP Shot T33 be classified as limited standard; by item 30181,
it was made limited procurement type.

a. Form factor (Proj Type 7). i, = 0.97.

b. Ballistic coefficient (Pro: 'ype 7): C7 = 1.98.




At At e R T Al e e R

FOR SHOT, AP, 90-MM, T33 BRLH 90.1.T53
7

g aen L ea it bESPE EX208 EXINE SRETIEY) e . .
S et s eoeats ookt IS RS ELS XD TR T : N R O
ST L ELEVATION - RANG oWRVE = | [ T
et e 0a Lpobsd oo s Qdaswfoas [oaryhsssr cred G s
IS - e N 8 Spd , ot s
" + " PEY Btnirh SndSe DRSPS SRadS Sabd t«.... e DS SR M
e [ sl et L2 T ONES R . b
o + Aot Jor s fome
i . ‘AL e a4 . - ) N
+ B et p R S = 14 T - : IRE! T
+ o ms DS St an R its REAEs SHELE 2UPUE SRy AN S . - B S M 1
T ypuyas e e T L e I NS 22 ST £ LT ST LT -
it vyt + -+ - PS SRR THAMPS St SIS SN N T M M e :
e + P! oo o ioep e Jags T S8 PELES SRS FODSS 4N il Md SRS B N -
wasTa: 1508 Sens: iages gRege F2403 imats lilug ihuig MOS0l STEd o0l = 1 -
pHed 4, 44 -+ RS - |33 PP epauy
;l 3. ;L }
T s t

1
1
i
!

T
1
SAByE.
44

F

70

r
T
+ T
phuad
+ [ Seehs S il e 23 DOag) FRONE FROSE SIbed So . ot O < B O B
1 IS Swh e e 1 1.0
GC = ; T - DOTR S2ODE Sng S S [ PN s P Sd RPS PUba ey
= : 122 JERIE SSog% gy Suhdil
- A4t + - Vs Boual DSt Teses Shon: P dirts o - o s
3 : e + . jos PO SR M EETI R P IR I
: = seest e s ; 22 Sosat I T FRIbd Ralis P, PR SRR S0 SN
= EeBSES pregy i shele g R, JFSEE EOSvY SUSEY Saip Suped
T Ao T [y 2goe .-.! p Pyt Ess pon
}..—g. * (ST SAWHE SR RS 4 N Sy S hy T4 el i IR QR Sl
et 3 g pugd® §1 e 006 B Rhs B e L2 FE0E Pedad [ AR SRS Bhdod Rbdudt S
h bt 2 S0y 34 iy ER T JEEEE LN IESTE 1200 S ' M SER0E ST abda
1 3
oot i
TS
PR e
e o
s
B4
o
DO NERAY
yuas svs:
o Sy
T
5o e ppua
--U) >
.- T
E-J Attt
-~ bl B e
= &
- tet
- ' b \
40fr
i he b *~y
»e T 1L T M
I+ 15 H - foad e RNy San - -
- €Y ¢ S50 souge besTUSSSEt LEESt PITINY () BACAE fub FERIE DEERS NRRAE IRTDS £5a28 sof 5o oiaiy Noobl SR CIRSS FARNN ERNE FRRIE LISES &
- ) : : i JRARS F0s0s Sotis Sudod a0 . O S
- = peTRs Suge T
T e T 3535 bpace S5 A FE IEEST ITEES FETSE 220N I : E
& - " T pend St ESond ade R . IRI PREEE FYT VS PORDY SN . . -
s -+ " Akl L LR T P - : MBS S SUDE Shihid - - -
< = . 2 . [SSRS LERSE FE004 R .
- + o de bt o DR SN Piraa 1Y 9 Py ~
= : : ! 4 B AR T ohes ~fie afeeestT [SOE Puun e p
- : } 2 b T 1908 504 - A b wd v et dr et P - - - LR = -
= L — VS Seill Sibhing pod S 5u :'~4 “hrefres s LY 2 ey ——— L - - - -
. -:a—;u-u SNESe SEpiy s Savnt shilr onces SEN AL IONT ) S By Sraae Seey Leate LA il - —~+- ~
~ R boe SEre sl —1-° IS IRESY STy oeue ae T
- = 9 sulan SO0Dk nhats bech | Sonel spkas Seli) bhoes LRLTY STETN TRURS MRSt soust FEETS ERURE SRS JRNET I . 1
» 2 F— 0% Gy oy Sl adet ir o Sv et oL RS TNt sonte DORAS W 1l : 407 b -
; PU Soiivg OIS Sd IOl ST SO pUSUE SO budie
- — o gyl vy 7 t - -
: TP EYORe Rt o8 4 PR STTS Sugen Vivus Sumey i PURDIE S BERS ni
o S petas: Frete fhra res Seodl oY foae bt s JRELL et FIA 0N ELT I : APTE IO R A e
s pa . S -‘—"f*\‘— Ts T ‘:'“:::::: foore e ,- IRl ETEYY TS PG SR . .- i
[ A#—,-‘-.A i SEROY e e 3. N PN D .y .. - - N
i 0”41-(-.—»‘ D s oy .—j.“‘- eI T - ._.‘L—‘A + -
re y ] { o Rob DS oths RTCTs MugE Aupivg sOlbe MM DSt PR SUete Sbdin - oo+ =t
f A osss ppen : . Bt PURES Ehled PR RS EEAlE 15 ool :
o ry po
- : 3 popty brbes Runge g pony - I
- e EPeete] fucs ety eI LCR TS L I N - ,
- poSS pagun s0s.ae o S i o -
Satat e BRI LT, TR PO S P Py . 3
50 28 PSS Sudon troos tiy of YOxt ; S I T {
STy ey - e m—— - - ‘
PRIy Saed w1 7= bine -
Speas BES LS n sosgE anase T4 Y R b Y : .
Tt f e »m:ﬂ..' pRe i N N o . ’
e ot S apais b3
et o b 28 Suelin Shubiod wu wd (e & o -
Bysuzsaves bedid Bunas bv ;55 sorkd Reeol - - .
A Co TR GRS Sies - ST DTS I - - -
:-,.u s < pageg b s 1 !
4._...._.\.L.4;/ O S - . PR AR S 5 -
o e DS XY . h - :
~ P
Jod e - K - -
é
s
. ! ; :
. 1
: RANGE - YﬁRDS ’ : :
~4< 1 . - h
i H ! H
' i .
i : i ! 1 :




BRLH 90-1-T33

BALLISTIC AND ENGINEERING DATA

G352 ST 2SS T

dTERMINAL VELOGITY — RANGE CURVE AND
TIME OF FLiGHT = RANGE GURVE

JEEN

- ey

1

o9 il
g
paday

1

T

-+

+

o

T ++ T s +
¥ e T 4
- =z - :
- #+ ~
- + b A T
t T : - THe
P e . - 1 i snats b
+ b + b oe— &
hs 4+ i
jasne — -
paaue
t . - = a = :
e npd \
X % poes prbdn
b X -
+ \ hnad ipe. 5
juany s oveas Paad
- - ——- -
poais ool s
— e 3
, podtd oot
foe

i

it

L

ITE

s |

A

i

42

TERMINAL VELOCITY~ FPS

4

I T T T AT AT R TH

TIME OF FLIGHT — SEC

il

1
VO HRITHTH RO TRV et bEy e e d

- -

R

fed

Pole

Tais

-

T

RANGE ~ YARDS -

[ SaSal readd sadid LIS

4000

oy




P T e TTRART T say A v e ST TS S
= Ed

FOR SHOT, AP, 90-MM, T33 BRLH 90-1.T33

SECTION V
EFFECT DATA
Paragraph
. Penetratimn - = = = = = = = -« = = - oo o m o m it te s an s 8

8. Penetration. According to OCM item 26320, the 890-mm AP Shot T33 with a rauzzle velocily of
2800 fps will penetrate the front glacis plate of the German ‘Panther’ Tavk (Panzerkampfwagen V), The
armor plate penetraticn — velocity curves, taken from Vol. III of "Terminal Ballistic Dat4", are shown on
the next page.

-3
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. 1
Bellistic Research Labcratories Ballistic Research Lab.
Handhook of Ballistic and Aberdeen Proving Ground,
Enginesring Data for Ammunitios, Maryland.
Ns, 90-1-£3 8 February 1948

BALLISTIC AND ENGINEERING CATA
for
SheD, 1T, 30-mra, M53 und M58B1
with
Fuze, MT, M43A5

Section Paragraphs
3 I General ~ec-cemvemccnomenaaea 1
: - i Description ~=-eeccecnccccana - 2-4
m Interior ballistic data v-ee-v-u- 5-86
v Exterior ballistic data ~---=--= 7-8
SECTION I
GENERAL
' Paragraph
Purpose « = - = = - ~ - R R B e 1

1. Purpose. The purpose of this number of the handbock ic to furnish a concise colicetion of infor-
mation regarding the shape, dynamics and ballistics of the 90-mm High Explosive Shs!l M58 and M58B1
with the Mechanical Time Fuze M43A5. This information is collected frcm the drawings, reperts and fiving
tables pertaining to this ammunition.
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FOR SHELL, HE, 90-MM, M58 aRu«zl 90.1.58
-4

SECTION T
DESCRIPTION
Paragraph
Drawings = = = = = =« = - = - ¢ & e v om0 m it st et i et 2
Dimensions - - = = = = = = = c o = o o~ o A 3
Physical characteristiecs = - = - v - « o c w w s oLl 4
2. Drawings.
Shell: Metal parts assembly and details 75-18-39
Booster M20: Assembly and details 73-2-112
Fuze: Assembly and details 73-7-29
3. Dimensions,
Boattail: Angle 7°00*
Length 0.50 cal
Band: Width 0.34 cal
Distance from base 0.74 cal
Distance from boattail 0.24 cal
Cylindrical body: Length 1.73 cal
Ogive: Length 1.30 cal
Radius of arc 8.95 cal
Fuze: Outside length 1.05 cal
Length: Shell 3.53 cal
Shell and fuze 4,58 cal
Ogive and fuze 2.35 cal
4. Physical characteristics.
Mean weight: Marking £ 20,87 b
Marking B 8 (Standard) 21.00 b
Marking B B2 €&} 21.33 b
Base to center of gravity* 1.789 cal 9
Axial moment of inertia* 0.2528 1b.
Transverse moment of inertia* 2.499 1b.ft

*From Ballistic Research Laboratory Report No. 185,

AT IT AR S i 5 T TR Y AT R T e - e e e et g e+
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FOR SHELL, HE, 90-MM., M58 BRI..H5 ‘:’0-!-58

SECTIUN T
INTERIOR BALLISTIC NPATA

. StresseS= = = = = = = = = = - 4 - e s c - ot ... ... 5
Theorectical yaw Inbore = = =~ = = =« = = = o = e 0 v v v 0 b b e e n .- 6

5. Stresses. The following table and the graphical representatics or. page 4 show the longitudinal,
radial and tangential resultant stress at each of two sections: (A; the rear corner of the band seat ard
(B) the front of the band seat,

Guns, 80-mm M, M1A1, M2
] Twist of rifling 1/32

Cross-sectional area of bore 10.114 sq in.

Rated maximum pressure 38,000 psi

Total weight of projectile 21.00 Ib

Muzzle veleocity 2,800 fps

Density of filler (TNT) 0.057 b per cu in,

Resultant Stress* Section

300 psi X B

Longitudinal -258 -512

Radiel +521 - 68

Tangential -810 +515

* 4+ denotes tension, - denotes compression.

6. Theoretical yaw in bore.

Minimum 3 min
Maximum 5 main
SECTION IV
EXTERIOR BALLISTIC DATA
Paragraph ~ N
Aerodynamicdata = = - « - - - - 0 - o - - oo i o cm e m - 7
Firing tabledata= = = « = « = = = = = o = - 0 0 o v oo b e oo 8




BRU‘!7 980-!-58 BALLISTIC AND ENGINEERING DATA

7. Aercdynamic data.

a. Drag. The trajectories for the 90-mm Guns M1, M1Al and M2, un antiaircraft mounts, were based
on the G2 drag function. The form faccors, determined fron range firings, are given in paragraph 8a.

b. Stabjlity. Ballistic Research Laboratories Report No. 185, "Stability of 90-mm Shell 12", gives
the results of stability firings of the HE Shell M58 (1'3) with inert Fuze M48 from tke 80~-mm Gun T2, which
was rifled with a twist of one turn in 30 calibers. ¥rom these results; the follvving data were calculated for
the HE Shell M58, with MT Fusie M43, fired frcm the 90-mm Guns M1, M1Al and M2:

Muzzle Velocity 280C fps
Twist of rifling 1/32
Stability factor 1.33
Moment coeffizient, KM 1.10

c. Drift, The deflection due to drift, for a muzzle velocity of 3700 fps and a twist of * ...ng of one
turn in 32 czlibess, is tabulated in 7 904A-A-1, Part 2, Tabios -1 and C-£.

8. Firing tuble data. FT 90aA-A-1

Gung, 9C-mm, M1, MLAL and M2 oo antiaireraft mount.
Twist of ~ifling: uniform 1/32.
Muzzie velocity: 2700 {ps.

OCM item 15646 standardized the 90-mm HE Shell M58 for the 90-mm Gun Ml. OCM itemn 15877
standardized the complete round, including the HE Shell M58 and the Cartridge Case M19, for the 90-mm Gun
ML. Reclassification of the BE Shel. M58 as limited standard was recomrm.nded by OCM item 16844 and ap-
proved by OCM item 1696z, The characteristics of the 90-mm Guns MiAl and M2 are the s<me as thnse of
the 90-mm Gun M1,

a. Trzjectory data. Tr.jectory and fins secder curves 147 a muzzie velocity of 2700 fps are gien on
TC 90AA-A-1. With the juzs st 'sufe

Maximum horizontal rarge 17,580 yd
Maximum ordinit: 12,375 ya
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BRLH 90.1-71
- !
: Ballistic Research Laboratcries Rallistic Researzh Lab.
Handbook of Ballistic and Aberdeen Proving Ground,
Engineering Data for Ammunition, Maryland,
No. 90-1-71 8 February 1649
. BALLISTIC AND ENGINEERING DATA
: for
Shell, HE, 90-mm, M71
with
Fuzes, MT, M43A5; PD, M48, M43A1, M48AZ,
3 and M51A4; TSQ, M5%1 and M55A3; and CF, M78
- Section Paragrapls
I General --—----cmcmccmanneaa. 1
3 I Description ==e==mcmcmanaenas 2-4
IIT Interior pallistic data -------~ 5-8
Ay Exterior ballistic data --==--~ 7-9
\Y Effect data ~=~cemcmcccamcanan 10-13
- SECTION I
GENERAL
Purpese = = = = = = = = = & = - - e s e e s e - - e - e .- 1

1. Purpose. 7The purpose of this number of the handbceok is to furnish a concise ~2llexlin of infir-

mation regariing ‘ne shape, dynamicss, ballistics and effects of the 90-mm High Explosive Jtell 1771+ _ =
the Mechanical Time Fuze M43A5, the Point Detonating Fuze M48, M48A1, M48A2 or NLIE14d, the T iirs and
Superquick ruze 1I54, and the Concrete Piercing Fuze M8, This information is collected from the draw-

ings, reports, firing tables, and technical manuals pertaining to this ammuniticn.
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FOR SHELL, HE, 90-MM, M7! BRLl-g ‘;0-!-7!
SECTION II
DESCRIPTION
Paragraph
Drawings = « = = =~ = = = o = = = = = = = 0 2 2 0 o o2 e 2
DIimMensions = = =~ = = = ~ = = @« @ 2 0 . = = o - 0 s ot e .- - 3
Physical characteristics = = =~ =~ = = = = = =« = = - - - o 0000 oo - 4

2. Drawings.

Shell: Metal parts assembly 75-18-42
" Booster, M2041: Assembly and details 73-2-112
: Booster, M21A4: Assembly 73-2-154
Fuze, MT, M43A5: Assembly and details 73-7-29
Fuze, PD, M48, M48A1 and M48A2: Assembly 73-2-140
Fuze, PD, ME1A4: Assembly 73-2-145
Fuze, TSQ, M54: Assembly 73-3-1564
Fuze, CP, M78: Assembly and details 73-2-214

i 1)

Note: The MT, PD, and TSQ Fuzes require one cf the Boosters; but the CP Fuze contains their
working parts. The TSQ Fuze M54 and the Booster M21A4 are components of the TEQ Fuze M55A3S, dwg
73-3-155,

3. Dimensions.

Boattail: Angle 7°00*

Length 0.50 cal

Band: Distance from boattail 0.24 cal

Distance from base 0.74 cal

Width 0.34 cal

Cylindrical bedy: Length 1,78 cal
Ogive: Length 1.30 cal ¢

Radius of arc 8,95 cal

Shell, unfuzed: Length 3.53 cal

Fuze, MT, M<3A5; PD, M48, M48A1, M48A2 or
Mb51A4; or 1'SQ, Mb4:

Qutside iength 1.05 cal

Ogive and fuze 2.35 cal

Shell and fuze 4.58 cal

Fuze, CP, M78: Outside length 0.75 cal
Radius cf arc 2.26 cal

QOgive and fuze 2.05 ¢al

Sheil and fuze 4.28 cal
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4. Physical characteristics.

a. MT, PD and TSQ Fuzes. The weight, location of center of gravity, and moments of inertia of the
HE Shell M71 with any of these fuzes are approximately the same as those of the Shell M71 (T8) with the
MT Fuze M43, which are tabulated below.

Mean weight: Marking gy 23.07 b
Marking 3 KB (standard) 22.40 b
Marking &3 2 & 23.73 b
Rase to center of gravity 1.742 cal 5
Axial moment of inertia 0.2753 1b.ft
Transverse moment of inertia 2.627 1b.it

b. CP Fuze. The HE Shell M71 with the CP Fuze weighs 0.34 b more than with the other fuzes.

Its other characteristins would also be slightly different, but have not been measured.

SECTION I
INTERIOR BALLISTIC DATA

Paragraph
SIresSsSes = = ~ = = = o = = . o . o b et e e e e e e e e ... .- 5
Theoretical yaw inbore = = = = = = = o = = o o = v o - - 2 0 200w - - 8

5. Btresses. The following table and the graphical representation on page 5 show the longitudinal,
radial and tangential resultant stresses at each of three sections: (A) the rear corner of the band seat,
(B) the front of the »and seat_ and (C) immediately behind the bourrelet.

Guns, 90-mm M1, M1Al1, M2, M3
Twist of rifling 1/32
Cross-sectional area of bore 10.114 sq in.
Rated maximum pressure 38,000 psi
Total weight of projectile 2340 1b
Muzzle velocity 2,700 fps
Density of filler (TNT) 0.057 b per cu in.
Resultant Stress* Section
100 psi A B C
Longitudinal -192 -345 -310
Radial +328 - £3 - 19
Tangential -625 +354 +291
* +denctes tension, - denotes compression.
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SECTION
A B8 C
-625
+328

-192 -3454—7 -3!&4—7;
s53 Gt 1%

DIAGRAM OF RESULTANT STRESSES
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6. Theoretical yaw in bore.

Minimum 3 min
Waximum 5 min
SECTION IV
EXTERIOR BALLISTIC DATA
Paragraph

Aerodynamicdata - = = = = ~ « = @ 2 2 2 e e 2o 0 e s 7
Antlaircraft firing tabledata - - = = = = = = = = ¢ -« o . - v .- o <3
Ground firing table data = = = = = = @ « = = = -« - - - - - oo - - - - 9

7. Aerodynamic data.

a. Drag.

(1) The antiaircraft trajectories were computed witn the drag coefficient shown on page 7, which was
determined by AA range firings of the HE Shell M71 with the MT Fuze M43A3 as explained in BRL Report
No. 507, "The Experimental Basis and Computing Methods used in the Preparation of Firing Table FT
S0AA-B-3". The form factor relative to this drag coefficient is 1,000; hence the ballistic coefficient is 1.864.

(2) The trajectories fcr the HE Shell M71 with the PD and TSQ Fuzes were based on the Gz drag
function. The form factor and ballistic coefficient are shown in par. 8a and b; at the muzzle:

Velocity 2700 fps
Ballistic Coef. C2 1.78
Form Factor, 12 1.041
Drag Coef. KD 0.109

{3) Comparative firings at 3° eievation showed that the range-elevation relation for the HE Shell
M7! with the CP Fuze M78 could be obtained from that with the PD Fuze MA48 by decreasing the muzzle
velocity 27 {ps and applying an effect equal to that cf an increase of 12.18 per cent in air density. The
numerica! average of the effects due tc an increase and a decrease in density (see par. 9n) was used for
this nurpose.




TAGTYRD

AL

- - R B ] $- 4 - - -
] ) 1.1“..1.” S8 S Bt e -1 \,.v - = N -
p' - o o b . 4 W 0 N o il U7 L -4 —
I 5 Ry -4 - L 43
. L4 - -4 -
- 13T . TRt .
1 [
N Jrr T
. ! .
S WI i IEEER NN AT HHAE : 1
g T b B "
s »
g T it 8 u 1
uf
X _ J 8 ]
! s T x 1] : ERg
. m.u o 1 1 5 I L
5 2 3 8
L - 3 d
bl

BRLH 90-1-71

'
t

-

i,

DRAG COEFFICIENT VS MAGH NUMBER
SHELI., HE, 50-MM, M7I; FUZE, MT, M43A3

i’
-

e—d
'

{
i

gl . - \
$— r— = ﬁy'..l -
T T ]
- RENEE RENEE +
Py Ly J 4 H A , ]
U .ﬁf,ﬂw‘ 1- A- - -t -
N RN NEE T . =
-4 I .“ e ]
]

t
b
i

D TP U

T—o.

280

2)40

200

1.60

.20

80




i TS RIS & i 0 AL s S Y TR IR ST e BRI B e T TR T E s T YR ST T R 7 iR iy ®

!
]

N R e 7

BRLH 90-1.71 BALLISTIC AND ENGINEERING DATA
7.9

b. Stability. BRL Report No, 236, "Stability of 9G6-mm Shell T8", gives the results .btained from
stability firings of inert-loaded Shell M71 (T8) with the MT Fuze M43 from the 90-mm Gun Mi:

wm‘vnmvammm‘wmm'mﬁ N o
1 am

Muzzle Velocity 2700 fps
Moment coef., KM 1.25
Twist of rifling 1/32
Stability factor 1.32

¢. Axial couple. BRL Report No. 408, "Loss of Spin and Skin Friction Drag of Projectiles”", gives

the results cbtained from firings of a 90-mm HE Shell M71 with a radio spin scnde in a dummy fuze having
the same shape as the MT Fuze M43:

1 Average velocity 1640 fps 6

3 Reynolds’ number (based on avg vel. and caliber) 2.95x 10
- Axial couple coefficient, K A 0.0059

=~ Surface (without bass) 148.3 sq in.
2 Skin friction drag coefficient, CbF $.00198

E

8. Antiaircraft Iiring table data. FT S0AA-B-3.

: Guns, 80-mm, Mi, M1Al and M2 on AA Mounts.
E Twist of rifling: 1/32

Muzzle velocity: 2700 fps
Fuze: MT M43A5

OCM items 16844 and 16962 recommended and approved standardization of the HE
Shell M71.

a. Form factor. i=1.000 relative to the drag coefficient for the 80-mm HE She!i M71 (see p. 7.
b. Ballistic coefficient. C = 1.£64 relative to the drag coefficient for the 90-mm HE Shell M71
(see p. 7).

¢. Trajectory data. A Trajectory and Fuze Setter Chart is included with the fi1 ing table, With the

fuze set ‘safe’:

Maximum horizontal range 19,560 yd
Maximum vertical range 13,426 yd

9. Ground firing table data.

FT 90AA-B-3, FT 90-C-3, and FT 90-F-1.

Guns, 90-mm, M1, M1Al, M2, M3 and M26 on AA Mounts, Gun Motor Carriages, or Tanks.

Twist of rifling: 1/32.

Muzzle Velocity: 270 fps

Fuzes: PD, M48, M.3A1, M48A2 and M51A4; TCQ, Mb4: and CP, MT78 (except as noted, the data
in this paragraph do not pertain to the CP fuze).

OCM items 18696 and 18930 recommended and approved authorization of the HE Shell M71 with

the PD Fuze M48 for use with the 80-mm Gun M1 on a self-propelled mount.
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BRLH 90-1-71 BALLISTIC AND ENGINEERING DATA
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SECTION V
EFFECT DATA
Paragraph

Fragmentation - - = « = = « = 2 = o 4 0 0 o v b b e b e m e 10

Effectiveness « ~ = « = = = « = = = ¢ 6 4 4 o e m - e e e e . e - . 11

Ricochetdata =~ = = - = = v =« = 2 0 c 4 e e h e e h e e e e .- ig

Penetration - = = = = = =« o = ¢ o 6 4 0 0 4 e e e h e et n - 13

10. Fragmentation. The data on fragmentation of the 90~-mm HE Shell M71 were tr .en trom TM8-.807,
"Bzllistic Data, Perfor mance of Ammunition" (Sep 1944} and Vol. III of "Terminal Ballistic Lata" (Sep 1945).
The initial fragment velocity is 2900 fps.

a. Casualties,

TABLE 46
CASUALTIES
Average For the lightest
Distance  Total number number of offective fragment
from burst  of effective eifective frag- Weight Velceity
(it} fragments menis per sq ft (oz} (fps)
r N B m v
20 868 0.133 0.015 1880
3u 504 0.0525 0.022 1640
4G 547 0.0272 0.228 1460
80 474 0.0105 0.041 1210
80 457 0.0063 0.085 1540
100 398 G.0032 0.067 943
150 347 0.0012 0.004 798
200 316 £.0308 0.1.20 705
300 264 0.0002 5.180 <78
500 208 0.C001 0.340 218

20
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CASUALTIES

hlaie

I NETRR,,

INCLINATION O°
HEIGHT OF BURST O FT
REMAINING VELOGITY O FPS

~~30° 2%
0" GROUND ’ Y
AT LEAST | HIT INGLINATION 3C°

BEW Fcr 4sorT HEIGHT OF BURST O FT
SRR AT LEAST! KT REMAINING VELOGITY 947FPS
R

JiLs PER 10 SQFT
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CASUALTIES

INGLINATION 30° -
HEIGHT OF 3URST 30FT
REMAINING VELOGITY S47 FPS__ |grounp

L)

SR AT LEAST | KIT

' i PER 4 SQFT

o it EAsTIHiT  INCLINATION 30°

B periosorr HEIGHT OF BURST €0 FT
- REMAINING VELOCITY

Poana AT LEAST ! HIT 947 FPS ____:_QR_OW

(26332 PER 2S5 SQAFT
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b. Perforation of 1/8-inch Mild Steel.

TABLE 47
PERFORATION OF 1/8 IN. MILD STEEL
Distance  Total number Average _For the lightest
from burst  of effective number of effective fragment
(£t) fragments effective frag- Weight Velocity
ments per sqft  (oz) (fps)
r N B m v
20 424 0.0844 0.057 2,270
30 380 0.0336 0.075 2,080
40 345 0.0172 0.095 1,920
60 288 0.0084 0.147 1,710
N 80 243 0.0030 0.210 1,500
- 100 222 0.0018 0.287 1,370
3 120 203 0.0011 0.377 1,260
3 150 163 0.0008 0.519 1,150
200 113 0.0002 0.772 1,040
275 59 0.0001 1.18 935
1J
o
°
24
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7

PERFORATION 1/8-INCH MILD STEEL

il 1t (e G e

INCLINATION O°
HEIGHT OF BURST OF Y
REMAINING VELOCGITY OFS

AT LEAST | HIT INCLINATION 30°

PER 4 SQFT HEIGHT OF BURST OFT
AT LEAST | T REMAINING VELOGITY 947FPS
PER 10 SQFT
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PERFORATION OF 1/8-INGH MILD STEEL

aGge =30

INCLINATION 3Q° 20

HEIGHT OF BURST 30FT
REMAINING VELOCITY 947FPS

o®
. <30°

o —

SOR

el

@ -

90°

AT LEAST | HIT Ao <
PER 4 SQFT =
TR AT LEAST t 4T INGLINATION 30°
jilll Per10SAFT  HEIGHT OF BURST 60OFT 80"

REMAINING VELOGITY 247FPS

T AT LEAST | HIT AOUN;
ST PER 25SQFT °
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11, Effectiveness., The following data were taken from Vol. III of "Terminal Ballistic Data", They

pertain to the 90-mm HE Shell M71 with an MT, PD or TSQ Fuze, fired at a muzzle velocity of 2700 {ps.

NUMBER OF ROUNDS REQUIRED AGAINST ENEMY ARTILLERY FOR 90%
PROBABILITY OF AT LEAST ONE EFFECTIVE HIT IN AIMED FIRE

Range Type of Fire
yd Impact Time Time and impact
2,000 3 260 7
5,000 42 380 68
10,000 770 1400 730

12. Ricochet Data. The following data were taken from Vol, III of "Terminal Rallistic Data", They
pertain t5 the 90-mm HRE Shell M71 with tne PD Fuze M48 set for 0.05 sec delay, fired at a muzzle velocity
of 2700 fps (the PD Fuzes M48A1, M48A2 aud M51A4 have 0.15 sec delay).

TABLE 78

PE in
Range Angle of Angle of Impact Height  Height
Fall Recovery to Burst of Burst of Burst

yd mils mils yd ft it
1,000 7 20 41 2 0
2,000 17 30 36 3 1
3,000 3c 50 32 5 1
4,000 47 75 28 6 1
5,000 69 105 23 7 1
8,000 98 140 19 8 2
7,600 136 180 15 8 2
8,000 187 230 12 8 2
9,000 249 270 g 8 2
10,606 314 300 7 e 2

:3. Penetration. Tne data on penetration of concrete by the HE Shell M71 with tte CP Fuze M78,
fired at a muzzle velocity of 2700 fps, were taken from TM 9-1307, "Rallistic Data, Performance of Am-
munition". The data on penetration into medium earth and logs by the HE Shell M71 with any DP or CP

Fuze, fired at a muzzle velocity of 2700 fps, were taken from Vol. III of "Terminal Ballistic Data".




y =
. = i IO
] 2 il IHIH
i T HiHHY st HH [ e o w m S
i 5 L | whl gwRa o7
. ek JES NN = (e i
: . T IEELE0RY * wiSte "9 T
“ a;“ AP TTrT N T
3 _ :J, ] " i 12 % m “w ! m
' ¢_ 4 { 424 T 3 g
i i _ TTHT 12 ) evea TTTTTTTTO
4 o1y H Wil T Ve ©
3 w 1+ ! H 1= 1
‘ = f : 1alw DR
: x © A e H 19 T
: it . . LTI
w,. % me .“._“ _ m m m [RUST . w
] ~ W0 T
L n g Tt b e g 3 Tl , 718
: w W T i1 it § <z BRSSO L
> m — m + ‘MLI# m i .W:H M Lt T2 %wa.._rh( 0
3 T + + bl e @ -
Z < W Pkl iy 3 T pansmal S
nuw & s M a T
_ So g il : g <wmoa iz g
4 = = | (O] ..L!JI.I* -
] o I o 2 | N I, 3
ok = : i N fre 2
: x5 = 0 i HT otk JIT S
3 w m - T - ]
S« i A 1Iad i
1 e B R R eshby
4 % r O i T . Hit ;
h [« Y TR 1l _:.3. } ' ; !
= o & } i P MAIANES
] D N uw LI e MM
M z 8 o it T
-4 1)
! m m T t
I T

X O = ] _
“ = @ !
k _ a. T
] S O }
: = - !
5 b 4t _
3 M. Tt

& ihit !
3 a il i
d X m i 1_ i
! 4 e ottt _ H . _ -
§ 3 LRI ety _ B SOOI
1 w i Ek T t- r-fr SANNOYN 40 ¥3AWNN V101 [H 8] SO
3 M - T . Op mu o) IBRBNHLIMS Lol td _:_:__::::::::__::::_::_‘T o a e o

i c ™ O < b o 0 < o~ =




BRLH 90.1.71 ’ BALUSTIC AND ENGINEERING DATA
13

b. TOTAL NUMBER OF ROUNDS NECESSARY EESS=SS2
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BRLH 90.1.77
1
Ballistic Research Laboratories Ballistic Research Lab,
Handbook of Ballistic and Aberdeen Proving Ground,
Engineering Data for Ammunition, Maryland.
No. 90-1-77 10 February 1948

BALLISTIC AND ENGINEERING DATA
for
Shet, AP, 90-mm, M77

with Tracer

Section Paragraph

I General s-secce-ecemmccccanaa 1

I Description ~ccccwmccncccenca- 2-4

j1as Interior ballistic data ----e-e-- 5

w Exterior ballistic data -------- 6-17

v Effect data ---<ccccccccrcnacas 8
SECTION I
GENERAL

Paragraph
PUrpoS€ = = = = = = = = = ~ = =« ¢ o = s o o -« - = - = I 1

1. Purpose. The purpose of this number of the handbook is to furnizh a concise collection of infor-
mation regarding the shape, dynamics, ballistics, and effects of the 90-mm Armor-piercing Shot M77 with
Tracer. This information is co:lected from the draw.ags, reports, and riring tables pertaining to this am-
munitiorn.

SECTION I
DESCRIPTION
Paragraph
Drawings = = = - = @ = = = = = = = = = = = = - = = o = = " ==~ ~- - 2
Dimensions - = = = = = = = ¢ = = - - 2 2 e s . e - e oo~ 3
Physical characteristics = = = = = = = = =« ¢ o = = = 0 o - - - - - - 4
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FOR SHOT, AP, 90-MM, M77 BRLH $0-1.77
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2. Drawings.
Shot: Metal parts assembly and details 75-18-24

3. Dimensions.

Band: Distance from hase 0.28% cal
Width 0.33¢ ¢al
Cylindrical hedy: Length 3.051 cal
Ogive: Length C.523 cal
Radius of arc 1.496 cal
Shot: Total lengih 2,780 cal

4. Physical charucteristics.

Weight (standard, 25401

Base to center of gravity* 1.22 cal 5

Axial momernt of inertia* 34.6 1b.in

Transverce moment of inertia* 152 1b.in@

*Estimated on the basis of measurements of the 37-mm AP Shot M8O,

SECTION I
INTERIOR BALLISTIC DATA
Paragrapn
Theoretical yaw inbore = = = = = = o = = 0 0 v o 0 = = o = - e e . - 5

3. Treoretical yaw in bore.

Minlraum 3.0 min
Maximum 5.0 min
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SECTION IV
EXTERIOR BALLISTIC DATA

Paragraph
Aercaynamic data - ~ = = = = = = % - w o 8o m e e e n e e e e e 6
Firing tabledata - - = = = « = =« = = = - 0 0o 00 b e s m e m e 7

6. Aerodymamic datz.

a. Diag. The form factor relative to Projectile Type 1, determined from resistance firings, is 1.19.

The corrasponding ballistic coefficient is 1,564 on the G1 drag function. The drag coefficient is C.256 at a
velocity of 2700 fps.

b, Stability. No stabilily firings have been done with this projectile. The stability factor, estimated
from that of the 37-mm Armeor-piercing Shot M80 (Rallistic Research Laboratory Revort 438), at a muzzle
velocity of 2700 fps and a twist of rifling of cne turn in 32 calibers, is 8.4.

7. Firing table data. T 90-D-2 (Abridged).

Guns, 90-mm, M1, M1ALl, M2, M3 and M28.
Twist of rifling: 1/32.
Muzzle velonity: 2700 fps.

This Shot was standardized by OCM item 17528, its designation was changed from Semi-armor-
piercing to Armor-pieréing by OCM item 17699,
a. Form fastor !Proj Type 1). i1 = 1.19.

h, Ballistic coefficient {Proj Type 1). C, = 1,564,

1
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BRLH 90-1-77 BALLISTIC AND ENGINEERING DATA
7
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FOR SHOT, AP, 90-MM, M77

SECTION V
EFFECT DATA
Paragrapb
Penetration = = = = = - = - = ¢ o 0 0w o L - L LMLl aa .. 8
8. Penetration.

Homogeneous Plate BRallistic Limit Number

Thickness Brinnell Obliquity in
inches Number degrees Type gﬁ Average

3 270 0 Army 1168 2

4 0 Army 1679 2

4 0 Navy 1763 2

7

BRLH 90.1-77
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Handbook of Ballistic and
Engineering Data for Ammunition,
No. 90-1-82

Section
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BALLISTIC AND ENGINEERING DATA

for
Projectile, APC, 90-mm, M82
with
Fuze, BD, M68

BRLH 90.1.82
1

Ballistic Research Lab.
Aberdeen Proving Ground,
Maryland,

10 ¥ebruary 1948

Paragraph

General ~-e-eccccmmcaccccans 1
Description ~~--=ccccccncncae 2-4
Interior ballistic data ~=«=e=wu- 5
Exterior ballistic data--====-~ 6 -7
Effect data -«--esscccrcacaca. 8

SECTION 1

GENERAL

Paragaph

1

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

mation regarding the shape, dynamics, ballistics, and effects of the 90-mm Armor-piercing Capped Pro-

jectile M82 with the Base Detonating Fuze M68, which contains a tracer composition. This information is

collected from the drawings, reports, firing tables, and technical manuals pertaining to this ammunition.
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FOR PROJECTILE, APC, 90-MM, M#2

SECTION O
DESCRWPTION
Drawings = « = = = = = - = v = o 2 = 0 v b s 0t s m e e e ...
Dimensions = = = = =« = = = = 2 s v o s e et tosne e .- -
Physical characteristics ~ = ~ = = ¢ o 2 = v e v o0 v m e v e e
2. Drawings. )
Projectile: Metal parts agsembly 75-18-46
Details 75-18-47
Detaiis 75-18-51
Fuze: Assembly 73-2-181
Details 73-2-182
3. Dimensions.
Fuze: Length (outside) 0.178 cal
Band: Distance from tzse 0.278 cal
Width 0.355 cal
Body: Cylindrical length 1.617 cal
Ogival length (cutside) 0.124 cal
Radius of ogival are 1.208 cal
Cap’ 1ength (outcide) 2.651 cal
Windshield: Length 1.646 cal
Radws of ogival ar: 9.015 cal
Length: Ogive 2,721 cal
Projectile without fuze 4,338 cal
Prcjectile and fuze 4,516 cal

0
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BRLH 90-1-82
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BRLH 90-1.82 BALUSTIC AND ENGINEERING DATA
3 4.6

4. Physical characteristics.

Weight (standard) 2411 1b
Base to center of gravity* 1.145 cal 9
Axial moment of inertia* 35.9 1lb.in
Transverse moment of inertia* 198 1b.in2

*Estimated on the basis of measurements of the 3-Inch Armor-piercing Capped Projectile M62 with
Base Detcnating Fuze MB6A1,

SECTION II
INTERIOR BALLISTIC DATA
Paragraph
3 Theoretical yaw Inbore = = = = = =~ = ¢ & = = =« @ 2 % e mteee . 5
1 5. Theoretical yuw iz bore.
™ Minimum 4 min
3 Maximvm 7 min
1 SECTION IV
h EXTERIOR BALLISTIC DATA
% Paragraph
percdynamicdata + - - - =« 2 e m e e me s mem e s e e e e - - 8
Firing tabledata = ~ = « »~ = = ¢ = = =« = = s o e~ oo oo 7
3 8. Aerodyaamic data.
a. Drag. A form factor of 0.90 relative to the 6 drag function was determined from resistance
3 firings at velocities from 200U tc 2860 Ips. The corresponding ballistic coefficient is 2.134. The drag coef-
5: ficient is 0.135 at 2000 fps and 0.108 at the standard muzzle velocity of 2670 fps.
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FOR PROJECTILE, APC, 90-MM, M82 BRLH 90-1-82
6-7

b. Stability. No stability firings have been done with the 80-mm APC Projectile M82, The stability
factor, estimated from that of the 3-inch Armor-piercing Capped Projectile M682 with Base Detonating Fuze
MB66A1 at a muzzle velocity of 2600 fps (Ballistic Research Laboratory Report 427), for a twist of rifling of
one turn in 32 calibers is 1.58,

7. Firing table data. FT 90-F-1

Guns, 90-mm, M1, M1Al, M2, M3 and M26.
Twist of rifling: 1/32.
Muzzle velocity: 2670 fps and 2800 fps. Projective Weight: 24.06 b

Standardization of the APC Projectile M&2 with the BD Fuze M68 was recommended by OCM item
18386 and approved by OCM item 18486,
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FOR PRCJECTILE. APC, 90-MM, M8z BRLH 90-1-82
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BRLH 90.1.82 BALLISTIC AND ENGINEERING DATA
8

SECTION V
EFFECT DATA
Paragraph
Penetration = =« = « = = = = = 0 € 0 0 m 00 e e e s e e s e e e o 8
8. Penetration.
a. Ballistic Limits of Armor Plate.
‘ Plate Ballistic Limit Number
Thickness Obliquity in
Type inches degrees Type dps Average
Face
Hardened 3 20 Navy 1770 2
Homogeneous 1.5 55 Navy 1775 1
2.5 45 Navy 1981 1
2.5 55 Navy 2504 1
3 45 Navy 2519 2

b. Vulnerability of German Tanks (Panzerkampfwagen)
Muzzle Velocity: 2870 fps. These data were taken from TM9-1907, "Ballistic Data, Performance of

Ammunition”.
Maximum Vulnerable Range - yards
Tank Model I v Vi
Attack | Angle - deg 0 25 0 25 0 25
Frontal | Turret Sides 5000+ 5000 5000+ 5000+ 4800 2680
Turret Rear ———- ———— -——— ———— 4800 2680
3 Turret Front 5000+ 4660 5000+ 4840 * *
sj Upper Hull Front 4300 3250 4300 3250 2900 1200
1 Lower Hull Front 3600 2600 4080 3100 1880 *
3 Flank Turret Sides 5000+ 5000+ 5000+ 5000+ 4800 2680
E Turret Rear 5000+ 5000+ 5000+ 5000+ 4800 2680
. Turret Front 5000+ 4880 5000+ 4840 = x
¥ Upper Hull Sides 5000+ 5000+ 5000+ 5000+ 4800 2680
E Lower Hull Sides 5000+ 5000+ 5000+ 5000+ 5000+ 4180
1 Rear Turret Sides 5000+ 5000+ 5000+ 5000+ 4800 2680
E Turret Rear 5000+ 5000+ 5000+ 5000+ 4800 2680
| Turret Front 5000+ 46860 5000+ 4840 * *
E Upper Hull Rear 5000+ 4580 5000+ 5000+ 4320 2600
3 Lower Hull Rear 5000+ 4840 5000+ 5000+ 4320 2600

*Not vulnerable.
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FOR PROJECTILE, APC, 90-MM, M82

BRLH 90.1.82

8
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Ballistic Research Laboratories
Handbook of Ballistic and
Engineering Data for Ammunition,
No. 90-1-304

Section

BALLISTIC AND ENGINEERING DATA

BRLH 90-1-304
i

Ballistic Research Lab.
Aberdeen Proving Ground,
Marvland.

11 February 1949

for
Shot, HVAP, 80«mm, M304
with
Tracer
Paragraph
General -~--cccecccaccaccnana. 1
Description ---ceercncncnccana 2-4
Interior ballistic data --------- 5
Exterior ballistic data -------- 6 -7
Effect data ee-=eaecmmmcacccaax 8
SECTION 1
GENERAL

Paragraph

1

1. Purpose. The purpose of this number of the handbook is to furnish a concise collection of infor-
mation regarding the shape, dynamics, ballistics, and effects of the 90-mm High Velocity Armor-plercing
Shot M304 with Tracer. This information is collected from the drawings, reports, firing tables, and
technical manuals pertaining to this ammunition.
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FOR SHOT, H'’AP, 90-MM, M304 BRLH 90-1.304
2-4

SECTION I
DESCRIPTION
Paragraph
- Drawings = = = = = = = = - = = = = - = =« = 0 0 0 & e ot m. ... - 2
Dimengions =~ - = = = = = = - = - - - -« - 4 0 et e et - - 3
Physical characteristics- = = = = = = = = = = = -0 0 00 a s a0 oo 4
2. Drawings.
Metal parts assembiy 75-2-375
Details 756-2-378
Details 75-2-377
3. Dimensions.
Band: Distance from base 0.28 cal
Width 0.34 cal
Cylindrical parts: Bourrelet ring 0.17 cal
Body and ring 0.92 cal
Base 0.84 cal
Base, body and ring 1.76 cal
Windshield: Length 1.95 cal
Radius of ogival arc 0.71 cal
Conical angle 28°41"
Shot: Length 3.71 cal

4. Physical characteristics. The position of the center of gravity and the moments of inertia
tabulated welow pertain to the HVAP Shot T30E15, which is slightly different from the ..VAP Shot M304

"T30E16).
Weight (Standard) 16.80 1b
Rase to center of gravity 1.168 cal 9
Axial moment of inertia 20.01 1b.in
Transverse moment of inertia 93.89 1b.in2
3
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BRLH 90-1.304 BALLISTIC AND ENGINEERING DATA
5-7

SECTION Il
INTERIOR BALLISTIC DATA

Paragraph
Theoretical yaw inbore « - = - = = = = = v = 0 o = & 0 0 00 = v 0w~ 5
5. Theoretical yaw in bore.
Minimum 3.5 min
Max.mum 6.1 min
SECTION IV
EXTERIOR BALLISTIC DATA
Paragraph
Aerodynamicdata = = « « = = ¢ = = 2 2 2 - 0 - - - e s et aaa - 6
Firing tabledata = = = = = = = = = = = = = & = = &0 0 4 4 2 0 - .- - - - 7

6. Aerodynamic data.

a. Drag. A form factor of 1.16 relative to the G8 drag function was determined from time-of-flight
firings to a vertical target at ¢ range of 1500 yards. The ballistic coefficient is 1.15. The drag ccefficient
is 0.113 at the average muzzle velocity of 3262 fps obtained in these firings, and 0.111 at the standard muzzle
velocity of 3350 fps.

b. Stability. Ballistic Research Laboratory L.lemorandum Repor: 347D gives the foliowing resulis

obtained wi the HVAP Shct T30ELS, whizh is slightly different from the HVAP Shot M304 (T30E18):

Velocity 3325 fps
Twist of rifling 1/52
Stability factor 1.7
Moment coefficient 1.0

7. Firing table data. FT 90-F-1

Guns, 90-10m, 4., M1A1, M2, M3 and M286.
Twirt of rfling: 1/32.

Muzzle veiozity, 3350 fps.

Projectile Weight: 16.7 lb.

Standardizaticn of the HVAP Shot M324 was recommended by OCM item 28147 and approved by
OCM item 28461.

a. Form Factor (Prcj Typs 7): 17 =1.475.
b. Ballistic Coefficient (Proj Type 7): C,] = 1.109,
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BRLH 105.1-t
i
Baliistic Research Laboraturies Rallistic Research Lab.
Handoook ¢f Bellistic and Aberdeen Proving Ground
Engineering Data for Ammuniiicn, Maryland.
No. 10511 11 February 1949

BALLBTIC AND ENGINEERING DATA
for
Shell, HE, 105-mm, M1
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1. Purpose. The purpose of this numnber of the handbook is to furnish a concise ccllection of infor-
mation regarding the shape, dynamics, ballist.cs and effects of the 105-mm High Explosive Shell M1 with
the Point Detonating Fuze M48A2 or M51A4, the Time and Superquick Fuze M55A3, or the Concrete-piercing
Fuze M78. This information is ccllected {from the drswings, reports, firing tables, and technical manuals

pertaining to this ammuniticn,
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FOR SHELL, HE, 105-MM, MI

SECTION I
DESCRIPTION

2. Drawings.

Shell: Metal parte shipping assembly, marking

diagram and details
Booster, M20Al: Assembly and details
Booster, M21A4: Assembly
Fuze, PD, M48A2: Assembly
Fuze, PD, M51A4: Assembly
Fuze, TSQ, Mb4: Assembly
Fuze, TSQ, MHB5A3: Assembly
Fuze, CP, M78: Assembly and details
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75-4-75

73-2-112
73-2-154
73-2-140
73-2-145
73-3-154
13-3-155
73-2-214
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Note: The PD fuzes require cne of the boosters. The TSQ Fuze M5SA3 is the 1454 Fuze with tr-

3. Dimensions.

Boattail: Angle
Length

Band: Distance from boattail
Distance from base
Width

Cylindrical body: Length

Ogive: Length
Radius of arc

Sheli, unfuzed: Length

Fuze, PD, M48A2 or M51A4, or TSQ, M55A3:

Outside length
Ogive and fuze
Shell and fuze

Fuze, CP, M78:
Outside length
Radius of arc
Ogive and fuze
Shell and fuze

M21A4 booster. The CP fuze contains the working paris of the boosters.

9°00?
0.49 cal

0.25 cal
0.74 cal
0.19 cal

1.84 cal

1.44 cal
6.17 cal

3.77 cal

0.905 cal
2.345 cal
4.675 cal

0.64 cal
1,935 cal
2.08 cal
4,41 cal
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4, Physical characteristics.

Mean Weight Base to .
b Center of Momeix;sﬁ%f Inertia
Marking Gravity >
Fuze O B onamn cal Axial  Transverse
TSQ M55 32.4 33.0 33.6 1.739 0.554 5.345
Dummy M59 32.4 33.0 33.8 1.749 0.55086 5.399
CP M78 33.0 33.86 34.2

Note: The physical characteristics with all modifications of the PD and TSQ fuzes are approximately
the same as with the TSQ Fuze M55. The Dummy Fuze MS59 has the same contour as the TSQ Fuze M55,

SECTION I
INTERIOR BALLISTIC DATA
Paragraph
SIPESSES = = = = = = = = @ = = = = = 4 = = = = > 4 . .- .. .-— - 5
Theoretical yaw inbore = = = = = = = @ 2 o 2 - 0 v 0 0 0 v 0 o 0 0o 8

5. Stresses. The following table and the graphica! representation on page 5 show the longitudinal,
radial and tangential resultant stresses at each of two sections: (A) the rear corner of the band seat and
(B) the front of the band seat.

BHowitzers M2A1, M3, M4
Twist of rifling 1/20
Cross-sectional area of bore 13.65 sq in.
Rated maximum pressure 28,000 psi**
Total weight of projectile 33.00 b
Muzzle Velocity 1550 fps
Density of filler (TNT) 0.057 1b per cu in.
Resultant Stress* Section
100 psi A B
Longitudinal -101 -320
Radial +300 - 89
Tangential -603 +400
* + denotes wension, - denotes compression.

** Since these stresses were calculated, the rated maximum pressure has been increased
to 30,000 psi (OCM item 17072)
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6. Theoretical yaw in bore.

Minimum 2.7 min
Maximum 5.0 min
SECTION 1V

EXTERIOR BALLISTIC DATA

Paragraph
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7. Aerodynamic data.

a. Drag. The graph of drag coefficient vs. Mach number (p. 7) was determined by resistance fixings
of the HE Shell M1 with the PD Fuze M48. The graph of drag coefficient vs. yaw (p. 8) was determined by
measurements of a wooden model of the same projectile, made by the Pureau of Standards in an zir stream
with a speed of 45 fps. The form factor of the KE Shell M1 with the CP Fuze M78, determined by resistance
firings, is 0.93 relative to G5 at a velocity of 1519 fps; the corresponding drag coefficient is 0.161.

b. Stabjlity. The graph of moment coefficient vs. yaw (p. 9) was determined by measurements of a
wooden model of the HE Shell M1 with the PD Fuze M48, made by the Bureau of Standards in an air siream
with a speed of 45 fps. The data tabulated below were determined by stability firings of the HE Shell M1
with the Dummy Fuze M59, fired from the 105-mm Howitzer M2A1l (see BRL Memorandum Report Mo, 265,
"Stability of 105-mm BE Shell M1"), and with the TSQ Fuze M55, fired from the 105-mm AA Gun T4.

Fuze Dummy M59 TSQ M55
Muzzle Velocity 1550 fps 2675 fps
Moment coef. K’\/I 1.41 1.28
Twist of rifling 1/20 1/30
Stability facter 2.69 1.35

¢. Drift. FT 128-H-3 and FT 105-L-2 give the drift for the 105-mm howitzers firing the HE Shell
ML with PD and TSQ fuzes. The graph of cross wind force coefficient vs, yaw (p.10) was determined by
measurements of a wocden model f the stell with 2D fuze, made by .he Pureau of Standards in an air

stream with a speed of 45 {ps.
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8. Firing table data.

FT 105-H-2 with C8 contains data for 105-mm Howitzer M2A1 on Carriage M2, firing HE Shell
M1 with PD and TSQ fuzes, and FT 105-L-2 with C4, for 105-mm Howitzer M3 on Carriage M3, firing EE
Shell M1 with PD and TSQ fuzes. FT 105-H-3 is also applicabie to the 105-mm Howitzer M2A1 on Carriage
W2A2 or Motor Carriage M7 or M7B1, and the Howitzer M4 in Medium Tank M4 or M4A3 or Motor Car-
riage T78, providing the corrections listed in C8 be applied to the elevation and drift. These tables may
be used for the EE Shell Ml with the CP Fuze M78 providing corrections be made for weight and air re-
sistance: the weight of the shell with the CP fuze is greater than that of one with the PD fuze with the same
marking by the amount indicated by a difference of one square; the increase in air resistance is equivrient
to one percent increase in air density.

The twist of rifling of all these howitzers is 1/20.

The semi-fixed rounds are assembled with charges to give the following muzzle velocities:

Charge Howitzer M2A1 or M4 Howitzer M3
Round for How Round for
No. M2A1 M3 How M3
1 850 695 850
2 710 755 710
3 780 . 825 780
4 875 92% 875
5 1020 1080 1020
8 1235
7 1550

OCM item 11871 approved the recommendation by item 11820 that the HE Shell Ml be standardized
for the 105-mm Howitzer M2 (later superseded by M2Al). OCM item 1991C approved the recommendations
by item 19684 that the 105-mm Howitzer M3 and Carriage M3 be standardized, and that the HE Shell M1 with
PD Fuze M48A1l be assembled as a semi-fixed round capable of being fired in this howlitzer at the first five
zone velocities of the M2A1 Howitzer. OCM item 23702 approved the recommendations by item 23182 that
the semi-fixed round for the M3 Howitzer be made substitute standard for the M2 and M2A1 Howitzers, and
that the round for the M2 and M2A1 Howitzers be not used in the M3 Howitzer except under conditicns of
extreme emergency, in which event only charges 1, 2 and 3 may be usei, COCM item 22131 approved the
recommendation of item 21868 that the 105-mm Howitzer M4 be standardized for use in the Medium Tank
M4 or M4A3 (the ballistics of this howitzer are the same as those of the M2A1 Howitzer),

11
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3 SECTION V
EXFECT DATA

E ’ Paragraph
b - Fragmentation - = « = ~ - = = = 0 =0 0 00 v oo - L Lo oLl Lol 9
: Effectiveress =~ - = = = = = = = - ¢ - 0 c 0 e o el a oL L. 10
2 Ricochetdata = = = = = = = « = & o v = 0 c o o c L mc ot a e Ll o, 11

Penetration ~ - ~ =~ = = - - - - o w e oo i Lo oLl 12
, 9. Fragmentation. The data on fragmentation of the 105-mm HE Shell M1 were taken from TM9-1907
h "Ballistic Data, Performance of Ammunition” (Sep 1944) and Vol. II of “Terminal Ballistic Data" {Sep 1945).
1 The initial fragment velocity is 3500 fps.
3 a. Casualties.

TABLE 48
CASUALTIES
Distance  Total number Average For the lightest
from burst  of effective number of effective fragment
(ft) fragments effective frag- Weight - Veloclity
ments per sqft  (oz) {fps)
r N B m v
20 1,160 0.231 0.010 2,440
30 1,115 0.0986 0.014 2,080
40 1,672 0.0533 0.019 1,770
80 986 0.0220 0.030 1,410
8¢ 032 0.0220 0.030 1,410
100 875 0.0G70 0.0%5 1,040
150 73 0.0026 0.083 846
205 642 0,0013 0.108 738
309 513 0.0004 0.166 598
400 423 0.0002 0.232 507
500 358 0.000: 0.312 438
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FOR SHELL, HE. 105-MM. M! BRLH 105-1-1
. g

b. Perforation of 1/8-inch Mild Steel.

RS A L R

TABLE 49
PERFORATION COF 1/8 IN, MILD STREL

Distance  Total number Average For the lightest
from burst  of effective number of effective fragment
(ft) fragments effective frag- Weight Velocity
ments per sq ft {oz) {fps)
r N B m v
20 875 0.194 C.035 £,700
30 g23 0.0816 0.047 2,430
40 853 0.0424 0.061 2,220
80 700 0.0155 0.685 1,920
80 570 0.0071 0.1237 1,750
. 100 470 0.0037 0.192 1,580
120 403 0.0022 0.255 1,420
140 341 0.0014 0.326 1,320
176 262 0.0007 0.448 1,200
200 210 0.0004 0.580 1,120
300 88 §.0001 1.056 355

33




BRLH 105-1.1
9

BALLISTIC AND ENGINEERING DATA

PERFORATION OF 1/8-INCH MILD STEEL

B

'""""" ‘ : ‘
4

INCLINATION O°
HEIGHT OF BURST O FT
REMAINING VELOCITY O FPS

AT LEASTIHIT
OER 4 sqrr  INCLINATION 30°

| LEasT r  HEIGHT OF BURST OFT
ili PERIOSQFT  REMAINING VELOCITY 800FFS
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FOR SHELL. HE. 105-MM, MI BRLH 105-1-1

PERFORATICN OF |/8~INCH MILD STEEL

LINE_OF
“FIRE
INCLINATION 30°
HEIGHT OF BURST30FT
REMAINING VELOCITY 800 FPS
LINE OF b
FIRE A 90°
ZEIN
l:\:'-.c.‘ - 60° /§O’
30 " 30° i
AT LEAST [HIT -
PER 4SQFT 0* GROUND °©

ATLEAST I|HIT  INCLINATION 30°

PERIOSQFT - LEIGHT OF BURST 60FT

i enassarr  REMAINING VELOGITY 800 FPS
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A BRLH 195.1-1 BALLISTIC AND ENGINEERING DATA
: 9
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BRLHE 105-1-1 BALLISTIC AND ENGINEERING DATA
10~14

10, Effectiveness. The following data were taken from Vol. III of "Termiral Ballistic Data". They
pertain to the 105-mm HE Sheli Ml with a PD or TSQ Fuze.

NUMBER OF ROUNDS REQUIRED AGAINST ENEMY ARTILLERY FOR 90%
PROBABILITY OF AT LEAST ONE EFFECTIVE HIT IN AIMED FIRE

MV Range Type of Fire
fps yd Impact Time Time and Impact
1020 2000 24 250 41
5000 460 820 430
1550 2000 8 270 13
5000 91 450 130

11. Ricochet Data. The following data were taken from Vol, III of "Termina! Ballistic Data"., They
pertain to the 105-mm HE Shell Ml with the PD Fuzes M48A2 and M51A4, which have 0.15-sec delay.
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FOR SHELL, HE, 105-MM, Mi BRLll‘: l‘gi-l-l

TABLE 77

PE in
Range Angle of Angle of Impact Height Height
Fall Recovery tc Burst of Burst of Burst

yd mils mils yd ft ft
. Charge 1
MV 650 fps 1,000 128 170 24 12 2
2,000 272 285 15 13 3
Charge 2
MV 710 fps 1,000 104 145 27 12 2
2,000 226 260 19 15 3
3,000 376 315 10 15 3
Charge 3
MV 780 {ps 1,000 87 125 31 12 2
2,000 188 230 23 16 3
3,000 304 295 15 14 3
Charge 4
MV 875 fps 1,000 8¢ 106 36 11 2
2,000 147 195 29 17 3
3,000 237 265 21 17 4
- 4,000 343 305 14 13 3
! Charge
MV 1,020 fps 1,000 51 80 44 10 2
2,000 109 155 37 17 * 3
3,000 174 220 30 20 4
4,000 247 27¢ 23 19 4
5,000 331 305 17 15 4
6,000 430 315 10 g 3
Charge 6
MV 1,235 fps 1,000 39 85 51 10 2
2,000 86 125 43 17 3
3,000 138 185 36 20 4
4,000 198 235 30 21 4
5,000 265 280 24 20 4
6,000 339 305 17 16 4
7,000 422 316 10 10 4
Charge 7
MV 1,500 {ps 1,000 25 45 65 8 2
2,000 60 95 54 15 3
3,000 104 145 44 19 4
4,000 158 200 37 22 4
M 5,000 214 250 29 22 5
8,600 278 285 23 20 5
7,000 348 310 17 16 4
8,000 423 315 10 10 4

12. Penetration. The data on penetration of concrete by the HE Shell M1 with the CP Fuze M78 were
taken from TM9-1907, "Ballistic Data, Performance of Ammunition". The data on penetration into medium
earth and logs by the HE Shell M1 with any DP or CP faze were taken from Vcl. III of "Terminal Ballistic

Data".
39
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BRLH 2“”"" BALLISTIC AND ENGINEERING DATA
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FOR SHELL, HE. 105-MM, Mi

= b TOTAL NUMBER OF ROUNDS NECESSARY TO OBTAIN
90% PROBABILITY OF ENOUGHHITS TO MAKE A BREACH
(2 FT WIDEINA GONCRETE WALL 10 FT HIGH

BRLH 105-1-1

D
¢
B J} =
- a= u g:
A =&
-+ ]
GRAPM MV WALL THICKNESS N
FPS FT
A 1550 6
8 1550 10
P 1020 6
D 1020 i0
t
RANGE- YARDS
|IBEENENNRRAREE
1000 180C 2060 2500
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BRLH 105-1-1 BALLISTIC AND ENGINEERING DATA
12
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2 BRLH 105.1-T12
E: |

Ballistic Research Laboratories Ballistic Research Lab.
Handbook of Ballistic and Aberdeen Proving Ground,
Engineering Data for Ammunition, Maryland.
No. 105-1-T12 15 February 1949
. BALLISTIC AND ENGINEERING DATA
for
Shell, HE, 105-mm, T12
with
. Fuze, MT, M61A1
Section Paragraphs
I General ~-ececenea- B 1
I Description «~=ccecmccccccea. 2-4
I Interior ballistic data «ewene-- 5
w Exterior ballistic data~==e=u-- 8
SECTION 1
7 GENERAL
Paragraph
PUrpoSE = « = = = = = = = ¢ 2 & e c e e s e - - e e .se...- 1

1. Purpose. The purpose of this nnmber of the handbook is to furnish a concise collection of infor-
mation regarding the shape, dynamics and allistics of the 105-mm High Explosive Shell T12 with the Me-
chanical Time Fuze ME1Al. This information is collected from the drawings, reports and firing tables per-
taining to this ammunition.
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FOR SHELL, HE, 105-MM. Ti2 BRLH 105.i-T12
2-5
SECTIORK I
DESCRIPTION
Paragraph
* Drawings = = = - = = = = = = v o % et m L e e e e e el .. 2
Dimensions = = = = = = = = = = @ = e e e m e 0t it et e h sl s o 3
DPhysical characteristics - - = - = = o - - - - oo oo Lo 4
2. Drawings.
Shell: Metal parts assembly and details GA 2127
Fugze: Assembly 73-7-71
Details 73-7-72,
74,75,76
3. Dimensions.
Boattail: Angle 7°00
Length 0.455 cal
Band: Width 0.343 cal
Distance from base 0.709 cal
Distance from boattail 0.254 cal
Cylindrical body: Length 1.925 cal
Ogive: Length 1.221 cal
Radius of arc 10.159 cal
Fuze: Outside length 1.857 cal
Length: Shell 2.801 cal
Shell and fuze 5.458 cal
Ogive and fuze 3.078 cal

4. Physical characteristics.

Mean weight 38 1b
SECTION I
INTERIOR BALLISTIC DATA
Paragraph
Theoretical yaw In bOre = = = = = = = ¢ & o 6 0 0 0 h o e e a e - 5

5. Theoretical yaw in bore.

Minimum 2.7 min
Maximum 5.0 min
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BRLH 105-1-T1Z ' BAJ LISTIC AND ENGINEERING DATA
6

SECTION IV
EXTERIOR BALLIETIC DATA

Parazrapn
Camdota = = = = = = = 2 m e 0 = e e e o s e e et e e .- 8

8. Camda.a

Gun, 105-mm, T4 on antiaircraft mcuns,
Twist of riflirg: 1/30,

Muzzle velocity: 300G fpc,

DProjectile weight: 3¢ b,

a. Form factor {Oroj Type %: 12 = {882,

b. PBalilistic coefficieut {Proj Type 2): C,, = 2.52.
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e - BRLH 105.1-67
|

Ballistic Research Laboratories Ballistic Research Lab.
3 Handbook of Ballictic and Aberdeen Proving Ground,
3 Engineering Data for Ammunition, Maryland
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i . BALLISTIC AND ENGINEERING DATA
3 for
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i GENERAL
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1. Purpose. The purpose of this number of the handbook is to furnish a concise collection of infor-
mation regarding the shape, dynamics, ballistics and effects of the 105-mm High Explosive Antitank Shell
M67 with the Base Detonating Fuze M82. This information is collected from the drawings, reports, and
firing tables pertaining to this ammur;ition.

SECTION I
DESCRIPTION
Paragraph
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FOR SHELL, HEAT, 105-MM, M67 BRLHz |25-l.67

2. Drawings.
Shell: Assembly 75-14-352
Metal parts details 75-4-108
Ogive and unibn assembly 75-4-107
Fuze: Assembly 73-2-168
- Details 73-2-169
Details 73-2-170
Details 73-2-171
3. Dimensions.
Boattail: Angle 9°00*
Length 0.49 cal
Band: Distance from boattail 0.25 cal
Distance from base 0.74 cal
Width 0.19 cal
Body: Length of cylindrical part 1.84 cal
Len, th of ogival part 0.34 cal
Radius of arc 6.17 cal
Uuion: Length 0.14 cal
Ogive: Length 1.86 cal
Angle 21°30"
Length: Body 2.€7 cal
Ogive and union 2.00 cal
Shell 4,87 cal
Ogive, union and ogival part of body 2.34 cal

NOTE: Fuze is entirely inside of shell body.

4. Physical characteristics.

Weight (standarad) 28.29 b
Base to center of gravity 1.497 cal 9
Axir) - ment of inertia 0.515 1b.it
Tram se moment of inertia 4.18 \b.ft2
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5. Stresses. The following table and the graphical representation on page 4 show the longitudinal,
radial and tangential resultant stresses at each of three sections: (A) the rear corner of the band seat,
(B) the front of the band seat, and (C) immediately behind the bourrelet.

Howitzer 105-mm M2
Twist of rifling 1/20
Cross-sectional area of bore 13.85 sq in.
Rated maximum pressure 30,000 psi
Total weight of projectile 20.28 1b
Muzzle Velocity 1250 fps
Density of filler (pentolite) 0.0574 1b per cu in.
Resultant Stress* SECTION
100 pst A B C
, Longitudinal -179 -4156 -268
‘ Radial +395 0 + 23
Tangential -84 +342 +198
* 4+ denotes tension, - denotes compression.

6. Theoretical yaw in bore.

Minimum 2.7 min
Maximum 5.0 min
SECTION IV
EXTERIOR BALLISTIC DATA
Paragraph
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T. Aerodynamic data.

a. Drag. A form factor of 1.28 relative to the G2 drag function was determined from resistance
firings at 1250 fps with short coil distances. Later, more accurate measurements were made, ard a form
factor of 1.06 determined by resistance firings at both 1020 and 1250 fps. This value has been confirmed
by comparative firings with the HEAT Shell M67 and the HE Shell M1 against a vertical target at 3 muzzle
velocity of 1020 fps. For the standard weight of 29.29 1b, the ballistic coefficient is 1.82 on GZ‘ The drag
coefficient is tabulated bealow,

Velocity Drag Coefficient

fps KD
1020 0785
1280 170

b. Stability. The stability factor of the HEAT Shell M67 bas not been determined. However, it
should be approximately the same as that of the 75-mm HEAT Shell M86, which is about 2.07 for a twist
of rifling of 1/20 at 2 muzzle velocity of 1000 fps.

8. Firing table data.

Howitzer Firing MV Weight  Twist of

105-mm Table fps Ib Rifling
M2Al  105-H-3,C8 1250  28.8 1/20
M3 105-L-1 1020  26.8 1/20

The terminal velocity was taken from Ballistic Research Laboratory Memorandur Report 296,

"Tables of Impact Velocities for Mobile Artillery Weapons". The HEAT Shell M67 was standardized by
CCM item 17639,
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9. Penetration. The average penetration into homogenecus armor plate is 4.5 inches.
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SECTION I
GENERAL
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1. Purpose. 't'he parpose of this number of the handbook is to furnish a copcise collection of infor-
mation regarding the shape, dynamics, hallistics and effects of the 105-mm Tluminating Shell M314 with
the ‘[ime and Superquick Fuze Mb4. This information is collected from the drawings, reports, firing
tables and firing records pertaining to this ammunition.

SECTION I
DESCRIPTION
Paragraph
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FOR SHELL, ILLUMINATING, 105-MM, M314

2. Drawings.
Shell: Metal parts assembly 75-4-128
Detalls 75-4-129
Fuze: Assembly 73-3-154
3. Dimensionc.
Band: Width 0.196 cal
Distance from base 0.399 cal
Body: Length of base piece 0.145 cal
Length of cylindrical part 2.900 cal
Length of ogival part 0.835 cal
Radius of ogival arc 2.782 cal
Length of shell 3.785 cal
Fuze: Length (outside) 0.814 cal
Length of shell and fuze 4,649 cal
Length of ogive and fuze 1.749 cal
4, Fhysical characteristics.
Weight (standard) 36.60 1b
Base tn center of gravity 1.180 cal
Axial moment of inertia 0.286 1b.1t2
Transverse n:oment of inertia 1.418 1b.f2
SECTICYN 11
INTERIOR BA'LIS™XC DATA
Theoretical yaw fnbore = = - = = = « =« v o 0 o ot e oo oo
5. Theoretical yaw in bore.
Minimum 8 min
Maximum 15 min

BRLH 105-1-314
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8. Aerodynamic data.
a. Drag. The following drag coefficlents were computed from the ballistic coefficients tabulated
in paragraph 6, which were determined by range firings.

Velocity
_fps KD
620 .08s1
874 .0881
738 .0885
825 .0899
958 .0950
1158 .1829
1463 .1892
b. Stability.
Muzzle Velocity 1228 fps
Moement coefficient, KM 1,37
Twist of rifling 1/20
Stability factor 3.680

7. Firing table data. FT 105-H-3 (C-11)
105-mm Howitzer M2A1 and M4. Twist of rifling: 1/20.
OCM items 28809 and 29657 recommended and approved standardization of the Tlluminating Shell M314.

a. Form Factor and Ballistic Coefficient.

The following form factors and ballistic cosfficients on the drag function G6 1 were determined by
range firings and are independent of elevation.

Charge MV Form Ballistic
No. fps Tacter Cocfficient
1 820 1.050 2.007
2 874 1.065 1,996
3 738 1.083 1.981
4 825 1.075 1.959
5 058 1.101 1.914
8 1168 1.135 1.856
7 1453 1.097 1.820
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8. Tlumination. When the fuze functions, the candle and parachute are released. A few seconds

later, the parachute opens and slowly lowers the candle to the ground. In the functioning tests of this am-
munition, the candles burned from 38 to 67 seconds.




