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1. INTRODUCTION

In the past, the BRL has frequently been asked to comment on the
validity of the classical crosswind deflection formula

o= Wz (t - R/Vx ) (1)
0

where Z is the wind deflection, Nz is the speed of a constant crosswind

acting over the range R, t is the time of flight, and Vx is the down-
0

range comporent of muzzle velocity. This formula has been used exten-

sively by riflemen for many years, and questions as to its accuracy

have been received from the military commands, captains of the service

rifle teams, the National Rifle Association, and most recently by the

Army Materiel Systems Analysis Activity.

The answer usually given is that the formula is more accurate than
the rifleman's ability to cstimate the wind speed. This answer is
undoubtedly technically correct in most cases, but the persistence of
the question suggests that a more satisfying quantitative answer should
by obtained.

In this report the generalized effects of both c¢rosswinds and
vange winds (head or tail winds) are derived from the basic equation of
motion for a projectile acted on by aerodynamic drag and gravity. The
etfects of space-varying winds along the trajectory are examined, and
simple approximate wind corrections for field use are devived and com-
pared with exact and ncarly-exact solutions.

P11,  BASIC EQUATIONS OF MOTION

The projectile is gssumed to be a particle, acted on only by the
forces of aeredynamic Jrayg amd gravity. We choose an earth-fixed Xy2
conrdinate system, with \ pointing downrange from gun ¢o tarcet, Y
pointing vertically upwand, and I pointing to the right, whon looking
downrange.,  The V-2 plane 14 chosen tangent to the earth's surface at
the launch point, so that the acceleration of gravity will be paraltel
ta the ¥ oaxax.  (For the relatively short trajectories considered in
this report, ne corrections for a curved earth «iil he required.)

1

Figure | 1llustrates the voordinate systow and notstion used.
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The equation of motion for the projectile follows from Newton's
second law, and in vector form is

o g—g- =0« m§ (2)
where V is the velocity of the projectile with respect to the earth-
fixed axes, U is the acrodynamic drag force (parallel to V but oppo-
sitely directed), and é is the acceleration due to gravity.

The drag force is usually written as D = -‘z’pSCa\f‘?, where V = V],

the scalar magnitude of ¥, o is the air density, S is a reference area,
and Up 18 the drag coefficient. However, in the expression for drag,

the velocity used must be with rospect to air, and if a vector wind K
it present, the velocity with respect to air is U-R. We now rewrite
Equation (2) as

I o8¢

-] a? ” - -‘2’3 {h‘?‘ig (."-ﬁ) * n,E (3)

ascg

Divide both sides of Equation (3) 2y =, and define N~
R I o I (4)

TN
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In the XYZ coordinate system, V= (Vx, Vy, Vz), We (Wx, wy, wz),
g = (0, -g, 0), and the scalar |V-W| we will define as

Vs (v, - W)2 e v, - wy)2 .V, - w2 (5)

Equation (4) can now be written in component form:

L) . - Lad -
Vx 2 CD v (Vx Wx)

Y =-Cr*V (N -W) -
y D (y y) g (6)

S oL _ceV oy -
Voe eV (v, - W)

where o superscript dot indicates differentiation with respect to time.

Equations (6) arec a precise statement of Newton's second law for
the particle trajectory, and are in suitable form for accurate solution
by numerical integration. The non-linearity introduced through the

expression for V leads to difficulty in finding analytical solutions;
a more practical approach is to find a sufficiently accurate linear

approximaiion to V. for the particular case we wish to solve.
As an example of the problems encountered with exact analytical

solutions, we will solve Equations {6) for the case af a constunt cross-
wind,

t
ket s o [V de, W = 0 and rewrite the first and third of Equa-
o )
tions (0} with s as the independent variable.

£7)
Ve e Gt AV, - W)

witere the supeescript prise t') sesns g%;i

The general solution is

g




f C.* ds
D 1
Vx = Vx e
[¢]
[ sy (8)
C ,*ds, s C.* ds
s oD 1 7 . o D 2
v, =e fo W.C) e ds,
S
"!o Cp’ ds)
Since W_ is constant, and e = Vx/‘Vx
- o

(9)

Hence the deflection I, due to the constant crosswind, W_, is given by

t R _
= [yt =W [t ], (10)

*o

t
since R = fo v dt .

Equation (10) does confirm the classical formula for crosswind
deflection; however, tha time of flight, t, in Equation (18}, is not
time of flight to range R for the no-wind case. Thoe t in Equation (10)
is time of flight to arc length s, for the specific crosswind case con-
sidered. In general, neither s nor t is known a priori along the
actual wind tratectory, and they can only he found by solving Equa-
tions (o) agcuru:ex) by numerical integra:ion.

If the trajectories considered are rastricted to those for which
range, R, is in%zgntt\cant!s differont from arc length, &, and the tine
of fiight to range R iz essentially the same for the actual winé anld
no-wind cases, then Equation (19} becomes a practical gunnery formula.
We will now chow that the class of trajectortes for which Equation (19)
is useful consists of all trajectories fulftlling the "flat-fire"
condition.

The scalar V can be written

V- ¥ V.- N,
Ve (v, - ¥ o Il e (.l.t_.d.g‘ . (_~_1713_1213 (i
Ve x

L+
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vV, - W Vz - wz
Let ¢ = , £ B m————
y Vx - Wx z V\ - Wx

0)

Substituting these definitions into Equation (11), and expanding in
binomial series,

V= (v - .2 2y _ 2 242

v (\x Wx) 1+ l/Z(Ly te, ) l/8(ey ‘e, )

(12)
- l/lb(cy2 + ezz)3 + ...

If (Vx - wx) is to be an adequate approximation to V, the quantity
(Eyz + £.%) must be negligible in comparison with unity; we will assume

3
-

ihv + L;Z) < 1072, This requirement mecans that (Vx - Wx) approximates
\' to less than a half of one percent error.

For high velocity projectiles cmployed in a direct-fire role, the
ratio of any component of wind velocity to VK will usually not exceed
10°4. Since V: cannot exceed Nz in magnitude, the term czz is of order
10°%, and may be neglected. Hence, (Vu - W) will be a sufficientiy

accurate approximation to V if ¢ ? € 1072, Since will not exceed

.“<F<z

v
1077, this means that !vx < 107!, or the initisl angle of doparture
LX)

must be restricted to he within ahout five degrees of the hovisontal,
{In practive, pun elevation angles us large as ten or cven fifteen
Jegrees can be telerated without incurving serious errows in the ¢lass-
jcal wind deflection formula.)

b will now introdwe the flat-fire conditions into bguation< (6},

The vertical «iad component, Nv’ can be neglectad with no loss in gen-

alify since, for fiat five, the cffect of a W i< anaiogous to that oY
~ . .

a ¥, but in the vertical plane. Setting V = Vx L and dropping W

. >‘9
Eguations (6) becose

Yx = cD. (V; ) ﬁx)z
‘c‘?’ = . ("E}. i\x - hx]\y - & 13}
VoGt IV, - NV - W)

(33

-

9




Equations (13) will now be used to derive the effects of crosswinds

and range winds on flat-fire trajectories.

II1, EFFECT OF CROSSWIND ON THE TRAJECTORY

We assume no range wind and a constant crosswind, wz, acting over

the entire trajectory. The first and third equations of (13) simplify
to

v

- - 2

X CD vx

. (14)

\'
A

1]

i} CDt vx (Vz - wz)

We first rewrite Equations (14) with X as the new independent
variable.

' * =
Vx * CD Vx 0
(15)

VZ' * CD. VZ = Gy W:

9

where for the remainder of this report, the superscript prime (') will
indicate differentiation with respect to X. At t =0, X = 0, v.o=V

1]

X

o
and with no loss in generality, V_ will be assumed zero. The general
"o
solution of (13} is
' A
- oo.
VoeV e o & amy
X X,
{16)
X ﬁ
N . { .
Io CD dr! x éa CD dr:
v.ve [, %, € e dr|
'K
“fo Lt dr, V¥
Since W, is constant, and e o ™M i = ¢5~ .
o
v fo €y o7y v
vV, e €§L-) w_ {e -1] = iz [y - €—~} {1
*o *o
10
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The deflection Z, due to the constant crosswind is

t
- - R
Zs= [0 vdt, =W [t - A ] (18)
(o]

cnuation ('8 appears identical to Equation (10), but in (18) the
tims, t, is weasured tao range R rather than arc length, and since
Vo= V( {iemeabes, W = 0), t also represents the time along a no-wind
trajectory. The quantizy (t - R/Vx } is often called '"lag time', since
0
it is physically the vime difference, or lag, between actual fFiight time
and the time to the same range in a vacuum,

To demonstrate the application of Equation (18), we wiil do two
cases as example problems. The first case selected is a low velocity
40mm projectile with a maximum range of approximately 500 metres. The
second case is the 7.62mm NATQ builet at ranges out to one kilometre.
For both cases, a constant crosswind speed of S metres/second 1s assumed
to act over the entire range. The following tables compare the wind
deflection predicted by Equation (18) with those obtained from numerical
integration of Equations (6).

TABLE 1

Low Velocity dmm Projectile, Muzzle Vel. = 76 Metros/Second

(Rf\" ) [Sumerical
Cun Time of o [Egq. (1%)]  Selutien]
Elevation Range Flight Pefl., Pefl., =
(Degrees)  (Metres) {Se¢) {Sec) (Motres) (Mot res)

5 100 1.3806 1.3173 Y g

{0 190 <. 6935 2.5318 . 508 5to

15 260 3. 8375 3.5322 1.ATT b.384

20 330 3.14438 {686 .68} 2. bE&

30 CH T.5393 6. 2128 3,733 4,746

Il
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TABLE 2

High Velocity 7,62mm NATG Bullet (M80),
Muzzle Vel. = 840 Metres/Second

[Numerical

Time of (R/Vx ) [Eq. (18)} Solution]

Range Flight (] _ Defl., 2 Defl., I

{(Metres) {Sec) {Sec) {Metres) {Metres)
200 L2622 . 2382 .120 .120
400 .3835 .4764 .536 .535
600 L9887 L7136 1.371 1.370
800 1.5148 L9528 2.810 2,810
1000 <. 1588 1.1910 4.839 4,839

Table 1 indicates that rather severe vioiations of the flat-fire
restriction .fo not invalidate the use of Equation (18), and Table 2
shows that for a very nearly flat-fire projectile the classical for-
mula gives, for practical pucposes, an exact result. We will now
examine the effects of space-varying crosswinds on flat-fire
trajectories. :

Bor a non-constant crosswind, the second of Equations {15) can
be integrated eithey by parts or by a simple numerical gquadratuve.
However, the differential equation iy linear, and an easier approach is
to superposa 3 serigs of solutions for constant crosswinds starting at
different downrange distances.

Consider 3 constant crosswind sommencing at X = X&. and continu-

ing Jownrange. This is shown in Figure 1.

Wa
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The solution of Equations (15) with the crosswind of Figure 2 is

J')(
-] C.* dr
V=V e © b 1
X X,
(19)
X T
-fo CD"’ d!‘l X fol CD* dr,
v, = e W, [y Cyre dr,
1 71
Vx
Hence VZ = Wz [1 - v——], where Vx = Vx at X = Al.
1 Xy 1
For R » Xl, the deflection at the target due to the wind of

Figure 2 is

R-X

ZR) = W, [tR) - t(X) - ] (20)
A 1 Y
1 X
1
If a constant crosswind [-W1 | commencing at X = X, is added to
_ “(1,2) -
a constant crosswind W, commencing at X = xl, the net wind acting

“(1,2)
on the trajectory is shown in Figure 3.

. W (,2)
S } )
s | |
‘ } |
o
!
. - X
s ' X=X, X=Xy
-
g FIGURE 3

The deflection at the target due to the crosswind of Figure 3 is

S S RIS, S




R - X}

Z(R) = W ([t R) -t (X)) - =1 -
2(1,2) 1 \./x1
(21)
R-X2
[t®) - t(X,) - 1)
)
for R > Xz.
If wind ﬁz acts over the entire range, x1 = 0, X2 = R, and

(1,2)
Equation (21) reduces to Equation (18). Since any downrange variation
of WZ can be approximated by a series of constant winds acting over

short intervals, Equation (21) provides a general method of determining
the effect of variable crosswinds on flat-fire trajectories.

Equation (21) states that the effect of crosswind over any inter-
val of downrange distance is proportional to the amount of change in
lag time over that interval, and suggests an answer to the question:
"At whai point along the trajectory is the projectile most sensitive
to crosswind?”., The answer is: the point at which the rate of change
of lag ne with respect to distance is a maximum.

| R-X, R-X,
Let L'(I.g = lt‘(R) - t(xl) - v—""] = [t(R) - t(xz) = v ]
xx X2

Lot X, ® X& + 80X, where AX is a very small distance, so that
u(Xl) 15 the crosswind sensitivity to a unit crosswind, acting over
distance AX at distance xl from the gun.

av
2 s PN 3 f g _._“)_q:_ AR Y8 x ’ . i} .
From Eguation {13), éxk 5 LD (xl)\xl. and v*g e vxl [l « uj,

where u v CD*(xl;ax. Thus!

s avy ey ax ax } -
t(kl * &X) t(hl) = grv P V‘—flw §w~-[i~t~;73] , and hence:
xl xg Xi

R-X, -2
. ! AX 1 _—
AU et} peervy s iy v L TR B

5
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:
{
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or

* XY b * -
S & CD (XI)AX {(R le SAX[1 + CD (Xl)(R Xl)}
1 Vx 1 - 3u/2 + uZ/2
1
For most projectiles, CD* is of order 10'3, hence C *(Xl)R and CD*(XI)X1

can be neglected in comparison with R or X The sensitivity of the

o A a8 e s ST s ke

1
trajectory to a unit crosswind at X =~X1, acting over the small dis-

. % tance 48X is well approximated by

s.é

A] u

at} u(X,) = 57— (R-X,) (22)
. 1 v 1

,g X4

At the target, X, = R, and Equation (22) tells us that crosswind

1
at the target has no effect at all on the trajectory. ({Equation (21}
gives the same resulr, if Xl is chosen slightly less than R, and

X, = R.]

Equation (22) still does not tell us airectly where the point of
maximum sensitivity is, although the factor (R - Xi] syggests that it

is closer te the gun than to the target. I[f we assume CD* is constant,

-CD*XI
i.e., independent of X, Vx = Vx e , and we find
1 0
G.*X
) -
b(X)) = P e PR - X,) (23)
o

Although CU' does vary slowly with distance, Bquation (23) is

- useful in establishing the general shape of u(xl) VETSUS \1' If
C.*X

D1,

‘cn'xl} <¢ 1, the term ¢ 1; hence for very low drag projectiles

the maximum seasitivity occurs at or uear the gun. For high drag pro- _ :
jectiles, the point of maximum sensitivity moves out from the gun, but {
the curve eventually fails to :ero at the target for any level of drag. :
The general shapes of u(Xl} vor high aad jow drag projectiles are shown

in Figure 4.

-
v
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To further illustrate the method of application of Equation (21),
the effect of two hypothetical variable crosswinds on the trajectory of

the 7.62mm M80 bullet will be calculated. The crosswinds are shown in
Figure 5,

W, (METRES/SECOND) -

X(METRES)
1000

FIGURE 5

The fiest ercaswind, ¥_ |, is .ero at the gun, but has zrown to
I
1L metres/second at the target; the second, W_ , is 10 metves/second
at the gun, and decroases t. vo wind at torget. Both winds sverage
S metres/second over the whole range, vut the socond crosswind, W_

v
"

will have a largar cffact on the trajectory.
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Standard (no-wind) and the variable crosswind cases were solved by
numerical integration of Equations (6), and the numerical solutions are
taker to be correct. For application of Equation (21), the distance to
target (1000 metres) was divided into 100 metre intervals; the down-
range distance, velocity and time for the no-wind case are listed in g
Table 3. The lag time for each distance and the sensitivity, u, and :
, average crosswind speed for each interval were then computed, and the ;
f total deflection at the target determined as the sum of deflections
produced over each interval.

S ’ TABLE 3

P 7.62mn NATO Bullet (M80), with Variable Crosswinds
[t(R)-t (X))
- (R=X,}

N & Vi t vl W W, W W,
N (M) (M/Sec) (Sec) i u 1 i 2 ~2
. 0 839.60 0 .9678

. , J109 0.5 .0855 9.5 1.0536
Ny 10¢ 764.62  .1248 8569

? : LA147 1.5 1721 8.5 .8750
; =00 693.03 L3622 .7422

MR IS
-
o)
—
<€D
~
o~
.
[S4d
.

[

O
o
o0

7.5 .8903
300 624.37 A42 L6235

400 558.40 .5335 .5008
: , L1247 4.5 5612 5.5 L6859
; 500 495.51 . 7736 L3761
: L1229 5.5 L6760 4.5 (5531
: 60N 436,24 L9887 L2542
¥ 155 6.5 JTRO8 3.3 L3043
700 381,12 1.233 L1377 o
0908 7.8 6Bl 2.5 .2
300 334,97 15048 (046
L0381 8.8 L3239 1.6 L0572
R Y 309.27 1.8267 L0088
' ‘ L0088 9.3 (GR36 0.5 L0044

W00 205,62 2.1388 0

e L R e T TLT R

0N, = TOS0M fob, v S edsM

\ 2
£

The numerical solution gives T{1000N) = 3.02IM for K, and
-1
S{1000M) = 5.657N for W_ . (A constant W of 3 metres/second would
.;’ -

have produced 1.839 wetros defloction, from Table 1.) The swall
17
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discrepancies in the results of Equation (21) are due to the rather
coarse computing interval of 100 metres; however, for a practical cal-
culation, the result shows that an even larger interval could have been
used vith satisfactory accuracy for field purposes.

IV. EFFECT OF RANGE WIND ON THE TRAJECTORY

We assume no crosswind, and a constant range wind, wx, acting over
the entire trajectory. The first and second equztions of (13) are

V' = . * - 2
Vx CD (Vx Wx)

VY = -Gyt (V, - WOV -8
If the independent variable is changed to X = f: v dt in the first
equation of (13),
*W (2 - Eﬁ)
X Vx

' C =Y
vx * LD* Vx CD

We now assume that V is at least two orders of magnitude larger

than W and our differontial equation for downrange velocity simpli-

fies to
VoGt v, e 20t N {2Q)
At te( X =0, V‘ n Vx , and the general solution is
P
X X
-f €0 dr -] €. dr -
Vowv e @0 Tl e T h
X_J.o X

The first term on the right-hand side of (25) is the drag-induced
velocity decay esperienced by the projectile in the absence of range
wind., The second term shows that a tail wind ('“x] adds aa increment

of dosnrange velocity whose magnitude s zera at the gun, and increases
to twice the wind speed at very long rongest  [A head wind (W) would

subtract an equivalent downrange velocity increment.]

for a piven range, R, we now denote vajues of velseity, tise and
height for a trijectory with range wind as (vxg. [Vv].-[t}. (¥Y]; the
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i samc symbol without the bracket will mean the equivalent value along a
i no-wind trajectory.
| X
'[o Cp* dr)
1f Wx is identically zero, Vx s Vx , and we immcdiately
o
have an expression for [Vx]'
vx
[Vx] = vx + wa {1- v-—q (26)
*o
To find the effect of a range wind on time of flight to range X,
we need the average downrange velocity for the wind case,
X w0 X
1 X 1 X
vVl avy * T (vJr, s ¢ U] Vdry » X - g— [ V.dr ]
o o x, o
p L
But [ Vdr =V «. o+ and we find
0 {AV)
Vx
g ev em (e 50 (21)
: (AV) {av) Xo
; Gincc t = i, and [t] = R
. (AV) (AV) '
W W
; ! [l - ] Ly
| 1N v R
: ' O
5 {e] = e/fl o oW % - ~l‘4 } (28)
: L - “x 'R V: =
: o
: Thus a tail wind vesults in a lower :iue of flighs to a fixed
H range, as we would expect.
.? I€ the independent variable is changed to X in the second cquation
of {13},
_ . .
%'.C{' fl"i',"")‘y v (-9) -
x .
19
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Since Vx is assumed to be much larger than wx, this equation

reauces to
(30)

< =-g—
Vy' CD' Vy vx

The general solution for the range wind case is

X X T
- c.* dr -JCedr, [ .
D 1 oD 1 1 ‘o C,*dr,
(V]=v e ° - ge T D 2 (31)
y yo o Vx dr]]

fx(.'d
- > T
oD 1, and we get the result

But V.=V e
X X
o
V X d!‘
g {—} V - 32
v, = (g H 8V, lfm, v | (32)
*a
2W ‘h N
- Now \ [\ | = V 21 e V—i -7 l. and since terms of order v— can be
s %
)
. Vyo X dr
\ I . 0y * '3 | - ! 2 - t— - Evrmm—— z SEn 1
neglected, \x[\x] = V. ", Hence \y 7 Y, gvxfo 7T » and we find
X : X
o
V)=V 33)
vl ~ v, (35

Equation (33) tells us that for small ratio of range wind spoeod to
downrange projectile speed, a range wind does not affect the vertical
Hence, at a fixed range R to

component of velocity at a given range.
arget the impact height on the target for the range wind case is

targ ,
simply the impact height for the no-wind case at time [t].
4 R | e 3
. ] “i(a). Y“l : (M)
Fquation (34) gives

((t] -t}

For smail {[t] - ¢},
(35)

Dy = Yoo * Yy g,
Substituting for {t] froa Equation (38) and simplifying gives the

alternate fora,
20
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R
wat (t - v )
(¥ oy = Yooy = V [ x°»—1 (36)
(R) (R) Y(R) R + wa (t - V_R__,)

X
o

Equation (35) or (36) tells us that a constant tailwind acting over
the entire range will decrease the trajectory height for distances
shorter than the point of maximum ordinate, and increase the height for
ranges beyond the point of maximum ordinate; i.e., a tailwind produces
a "flatter" trajectory. A constant headwind would obviously have the
reverse effect.

A method for determining the effect of a variable range wind is
imnediately suggested by noting the similarity of Equation (24) and the
second equation of (15). Consider a constant range wind commencing at
X = xi, and continuing down range. Integrating Equation (24) with con-

stant range wind Wx , starting at X = xl, we find

1
; X I, ey
- C.* dr -fC*dr, X Cn* Jdr,
' oD 1 00U 1 o 0 i
[V.] =V e + W e [x Cp* e dr, (37)
() 1 1
X
- Cp* dr
Since V. = V_ e ’
X X
(
Y
_[vx] eV, zmxl (- ﬁ;—] R (38)
1 :

If a constant range wind [~§¥ | commoncing at X = X, is added

A (1.,2)

to a constant range wind ?x commencing at X = xl' the net range
(1,2 :

wind acting on the trajectory is similar to the crosswind of Figure 3.

The effect on [vx} of Ex acting from X = Xl to X = X, is

(1,2)
(Vsv, o2 (- g™ - (-] forRax, (39
X X X vV 2
(1,2) X, X, |

1o determine the point along the trajectory at which the downrange
velocity is most sensitive to a range wind, we will follow an argument:
similar to that used in deriving Equation (22).

21
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v v
< . S . 3 i itiv- '
Let 1,2y ° 1 v, } - [t v, ], so that Vey,z) 18 the sensitiv .
1 2

ity of (Vx] to a unit range wind acting over the interval X = xl to

X = X,. Let X, = X, + aX, where 4X is a very small distance.

2 1

\ \J

. S, 1
viXy) = VTV

2 1

In deriving Equation (22), we showed that Vx =V [1 - uj, and so
2 1
we find
Vi
\)(xl) * u [v—- (40)

X1

Since the maximum value of Vx occurs at the gun, and the minimum

value is at the target, the interpretation of Equation (40) is somewhat
easier than that of Equation (22). Equation (40} says the maximum
sensitivity of downrange velocity to range wind occurs at the tavget,
and the minimum sensitivity occurs at the gun! There is no value of xl

for which v(xl) is cero; however, Egumation (40) suggests that variation
tn vange wind along the trajectory is much less important than an equive
alent variation in crosswind. ‘

Fraally, we will show that the effect on a flat-fire trajectory of
any range wind 18 at least an order of magnitude less than the effect
of an identival crosswind. This fact, plus the conclusiens reached
trom byuation (407, will allow us to Jdispose of the range wind prohlen,

From Equation (18} we recall that the effect of a constant cruss-
wind, W, actinp over the entire range is to produce a horizoantal deflec.

tion, LI = W{t - »5»). The offect of uan equal range wind on impuct

vﬁ
© e (¢ - ) ,

height i 2Y « [V} « ¥ = Vg { —— 0 ] ;
(K) X o IW (v « o N
X *

o 1

Eliminating W {t - gbu) between these expressions, and taking the ?.

X v ;

o

o

absolute value of A4y,

fad
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2tAZ !
oyl = vy lasg) (41) K
(R) _
Now, t is approximately Q;LQ, and AZ is at least two orders of ?
X
(]
maynitude less than R. Thus
2V
| AY Y
& - & (42)
X

For a flat-fire trajectory, Vy is restricted to be an order of
magnitude less than V , hence Y cannot exceed 20% of AZ. Thus, for

practical purposes the rifleman is justified in neglecting the effects
of range winds.

As a final check on the validity of Equation (36), an additional
trajectory for the 7.62mm M80 bullet was calculated, with a constant
5 wetres/second tailwind., For a no-wind trajectory, zeroed at lou

metyes range (chno metres = 0), the value of v at 1000 metres is

-10,02 metres/second, and the other required valucs from the no-wind
case are given in Table 3 of Section III.

2(3)(2,1588) (.9678)

0+ 10.02 {555 s 3T3Y C.9678)

] s ¥d
{\‘flUOO netres) = (3,207 ugtre

The numerical solution gives ) 1000 morres) ® -331 metre. and

dugenstrates the accuracy of Equation (36), Since a constant 5 motres)
sccond crosswind would have produced a deflection of 4,839 metres at the
=ame range, iU s cbvious ther fhe rifieman should comcentrate his
attention on the crosswind and dizvegard the vange wind.

V.  CONCLUSIONS

The basic differential equations of motion for a4 projectile acted
2 by aerodynamic deag and gravity are derived and linearized hy moans
of the flat-fire ascusption. The lincarized equations are then used
to find the effects of goneralized raage winds and cross winds on flat-
fire trajectories. :

The classical crosswind deflection formula is found to be correct.
An extension of the clsssical formula is derived for non-constant

[ &1
[¥X]
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crosswinds, and a method for de

termining the effect of any given cross-
wind 15 demonstrated.

The effect of range wind on a flat-fire trajectory is shown to be
insignificant in comparison with the crosswind effect,

(R
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; LIST OF SYMBOLS
CD Drag coefficient

' Cy* Retardation factor (Cj* = pSC/2m) ;
D Drag force, opposed to velocity ;
g Acceleration due to gravity §
m Mass of projectile
P vummy variable of integration

: R Range to target

: S Arc length along trajectory

; $ Reference area of projectile

: t Time of flight
u Dimonsionless rotavdation factor (u s Cu'&x)

: v Velocity of projectile

5 VvV, Comporents of projectile velocity alomg the coordinate axes

f v Speed of projoctile with respect to asr

: W Wind velecity

: W B W, Cosponents of wind velocity along the coordinate axes

% LY, Orthéganai coordinate system {varth-fised)

$

. A0 An incremental Jhange in the quantity ( )
¥
g ; fuire €
) % w Crosswind sensitivity factor
§ " Range wind sensitivity factor
i 2 Dersity of air
25 :




LIST OF SYMBOLS (continued)

O Depivative of ( ) with respect to time

() Derivative of ( ) with respect to distance

! Indicates the value of ( ) for a trajectory with a range wind
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