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Abstraqt

The variaticns in the magnitude and orientation of the yaw in

" the bore of & machine gun, firing sidewise from an alrplane with a

speed of LOO miles per hour, might cause large dispersions at a range

of 500 yards; but not at 100 yards.

T OBJECT: In Part I, “Theoretical considerations",*
the motlon of bullets fired from a machine gun, mounted
on an alrplane with a speed of 200 mi/hr, in a direotion
perpendicular to the line of flight of the airplane, was
studied; i1t was found that the maximum dispersion caused
by variations ln the magnitude and orientation of the yaw
in the bore appears to be too small to ruin the accuracy
of fire. $Since airplane speeds may be increased to 400 mi/hr
in the near future, the Chief of Alr Corps has asked for
a determinatlion of the effect of a cross wind of this
magnitude on the dispersion of machine gun fire,

* Ballistic Research Laboratory Report No. 116.
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., DATA: Except for the air apeed (600 ft/sec),
we shall assume the same conditions as before:

a. Bullet, Cal, 0,30 ball MY.

s Direction of fire, horizontally to gtarboard,

B Muzzle velocity, 2600 ft/sec,

d. Yaw in the bors, 0.15° (this is probably the
largest yaw that would be obtained in a good gun).

& Orientation of the yaw in the bore, at the muzzle,
go° and 270° (these values glve extirene conditions,
as the variation is usually much less than this).

3. YAW:

8o Under these conditions, the windage yaw 1s 12.995°, -
This would be the inltial yaw relative to the air if there
were no yaw in the bore. ;

b, With the assumed yaw in the bore, at an orientation
of 90, the motion is somewhat different with a 600 ft/sec
croes wind than with a 300 rt/sec crose wind, In the latter
case, the initlial yaw 1s a maximum, as stated in the previous
report., But, in the former case, the initial yaw lg a
minimum; furthermore, the. successive minima decrease numer-
ically, instead of increasing as before. With the higher
air speed, the value of the initlal Kaw 18 13%,145°; the
theoretical initial maximum yaw is 14.79 .

¢, If the orientatlion of the vaw in the bore 1s 270°,
the motion is similar to what it 1s at 300 ft/sec. The
initial yaw, resultling from the higher speed, 18 12,.8450°;
the theoretical initial meximum yaw is 23.47°. '

4. DEVIATIONS: Figures 1 and 2 show the calcula ted*
deflection and fall, in mils, for the conditions assumed
in paragraph 2. The values for a gspeed of 300 ft/eec may be
obtained from figures 15 and 16 of the previous report.
The following table shows the results at ranges of 100 yd
{91 m) and 500 yd (#57 m). '

* 4. E. Harrington assisted in the calculatlons.



~a

Range Alr Orien- Deflec- Fall
Speed tation tion
yards ft/sec deg, mils mile
100 600 ol 19.9 ]
90 14,2 s
BT In.lc
100 300 270 Ean 3.8
90 4 L 2.9
1 e
500 600 270 g5 .9 11,8
90 Ef enll O
LE~e ot
500 300 270. 28 .7 8.3
| 90 2L.1 6.8
< 105

0y DISCUSSION: For comparative purposes, the
deviations computed in the classeic manner, without yaw,
are also shown by the upper curves in figuree 1 and 2.
It ie notable that the effecte of windage yaw on the
horizontal deflection are greater than on the vertical
deviation, whether we consider the maximum dispersion due
to initial conditions or the varlations from the classic
values. Evidently, the increased registance due to yaw,
with the consequent increase in time of -f1ieht, 18" the
preponderating cause of the increase in deviation, except
at very short ranges. Near the beginning of the trajectory,
the so-called cross wind force causes most of the variation:
this is apparent from the windage Jjump, which is almos?®
vertically downward (this is explained in the previous
report). For most ranges, therefore, it is more important
to determine the drag-yaw coefflcient and the damping
factors than the cross wind force. ‘

6. CONCLUSION: The maximum dispersion of 18 mils
at 500 yards is quite large. Actually, however, the
diepersion will probably be less than this amount, since
the yaw in the bore of a caliber 0.30 gun is usually less
than 0,15°, and since uniformity in loading conditions
tends to group the muzzle orientations within a range of .
lese than 180°., Furthermore, unlegs fire control mechanism
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i1s conelderably improved, firing will not be accurate
beyond 100 yards, when the air speed is 40O mi/hr. At
this range, the total dispersion due to variations of the
yaw at the muzzle le less than 6 mils, .This should cause

no dAifficulty in hitting.

Y. P Wikdhiod

H, P. Hitchcock

-t



L-sgy
Y
- 5

. 2
e

o

v
ineh, th ioesh

N.
T IR UL S.A.

i) tathe
MADS

REUSFEL 4 ESEER CC.,
LR

gt

b
~X

1

o
ok

it

-
ot

LI
.

1

-

by
t

L
1
-
(=
T

I

R

i

bocke

i,
1

| SN

R O L S B e

5

g

¢
e

-
el

s

EEhET

|

Pl
i

: &W T S e BRI
0t L.il..l%;w..,r 4
R
i e AL

o

Df': -
BAL

é

i e

ey

),

i

03

'«
i

==, "

1

?29

304
/

TE

Y
=3

1

o ey

CALIBEE

=

?:’

=TS
i

574
500

.

pF £
1/:r4

|

Bo.

LD
¥

it
&
A

IZONTAL

T

o2

L ButLe

/8

E—
!

1‘_.}.._,..;...‘

Ery.v

A%

LN,

j

2IEN TATION.

ST
{
=

i

i

JH S TR
M i L AR ,*Vv.:ﬂ.-
!.Tc ¢_v L | . e, ,|"r X
.V s e B T A
Aofald (e

o e A

T

TELS.

1
i

..T‘_

=
t

4

2
-

1
[ B

f
§

200",

| &

!
!

1T

fe— e

[

(i Siale” A W . o Dhesw B REULE

b
§

o

‘“.“<.AHU

o ——

e T eSS £

o

= NOLL m%f.uﬁ

gt FEH

L

oo

ay



T 3
Sl

ey B o=
k

J,.t;. AR
;

, + i m 4 .T*A ol 4
l h 3 & - i i ,w! .»H W' M‘ e J
G 1 A .". T ﬁ | B | bl Lo H_ : e h..w.. B
p et e i3 of ||.-_ 3 4y m A .“P w 1 #..u
e = & ST Erert s
i =t ST R S R T »NL . X g N |8
i e Tof P S, LR O ol i pm L Tl
I l _. 1 {4 | e YAy PR
TH H§
! - Jw & U= T -

i
t
i

=
v

i,
i
1
i T
i
i
t

3 DEEAN
T e e
W] =% W I s
b it | | A i
1 X . ] { 1.
A ]
EEWES N SR
el Ju

“ 4

|
|
]
I
]
1
i

AT
TR
ot
i
2

P

I

f
T

{
|
o]
i
L2
.|
s
T

T
!

-
i
!

Uz TS

B S ns SRS

i
2
i
ALY
2
2

4

M T____ g
i
T
-
i
17
i
’I.

i
o4
=
oo
T
(5

g

7/
¥

7
i

By
S
i
25t
7,
030
i f*
7
55
a5
A
]

!
b3

R
y - [+ . - Eeferton L|. |.__|_|_q_. ok
0 6 .........P..._:-_..H.ﬁ..mrﬁ.ﬂw_._ﬂ.
= = 1 24 T .:_.. i 3 ._I...l..w "u.. s ...

i

4

W

v
-

A
¢

=
Td
b

L
) STAP
7

Y BOBE,
R - !

potadeal g
g

B et ol S

T

et

LAl DV
S CALIBER.
BERED
o
)
*»5
T
=1
§+
-

|

i
AL
A

b

o
_*\.,;.T.A r
=
GO0

\.S

N
hew

AR

g
LD E
=2
iNET T

o B

701y
=

77

-
ity

X, =

i
¢
T S
/27
jq«%-
s )
P

-
v
e

M

: ;’AI',{A

i

]
1
—t
i

o

3

W /Y

faszy UoboA

"

¥
&l
L

i
B

&
1‘ ?
e Y ¢

1 to the inslr106h lines

D

I

x4

| B -

e
-

187

KEQFEEL & . ESSER CU., N, Y.

it

X

pad 3

e

gl

)
L e

TALT

45 1368 1
.
i
\,ﬁ.‘.*..—w-
ke
_-—m‘ -~
3
o
3
t
i
=7
2

1 N bkt ol L LI S .
U5 iy okl L 408 5 L W g e I 0 £ ey A T P L
S b e e - S et i L ~L A X,
e p=]- - T : otk -
: & A £
ol . 7 S T (T R SIS e  shed B | R !
TEAM rm_z : R S T R N B

! i, NS i il e L et 5 R T M A O ) e £ s
o TR R 5 SN (O Ol i B A b M F o y
| I Lalad CHE AL ' 5t S P 88 LW D a L slealds & ! VTR e 5
T (N D) -7 .I._.I i A T T L %E X T L B
1 o g L Fi i  Eal i i g, 3 hf. v
PRt SR
. ! i a5 2 T TS I B LT I8 ; £
.2 PG 0B i o C IS i 9
v 5. i e LA RS NN =t AT L
"+ BELEA i FiF :
Lol dld "l.__“...r..... . v ; L g’
stary Wi L T ) L W 3 e
i H RN ! o i X
m2 et L qm&.l_“v.% N 3 el
R LR H o MR T 0 O -5 T P! e
o i | dabadig Bl 2 } 2 Y
o -
=5 - i =l z v ) 3

e i e S B e iy

~4



)
TME  Effects of 2 400 Mile Per Hour Alr Speed Proj. RX 114 - Firing Sidewise from {0 i 41204
and Airplane (None)
AUTHOR(S): Hitchcock, H.P, ©GIG, ACENCY KO,
ORIGINATING AGENCY: Aberdeen Proving Ground, Baiiistic Research Lab., Aberdeen, | R-139
PUBLISHED BY: (Same) (Md. mmwn( S;u;n)n
e

ean DOC. CLASS. L counTaY 1 LANGUAGE races Ilwumnou
March *39 | Unclass. U.S. Eng. 8 graphs

ABSTRACT:

The motion of bullets fired from a machine gun mounted on an airpiane in a direction perpendicular

to the line of fiight of the airplane was studied. Maximum dlspersions caused by variations in the
magnitude and orlentation of the yaw In the bore were determined. At a speed of 400 miles per hour
large dispersions occurred at a range of 500 yards but not at 100 yards. For comparative purposes
the computed deviations without yaw were shown graphically. It was notable that the effects of windage
yaw on the horizontai deflection are greater than on the verticai deviation,
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