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WHAT IS FHE MAXIMUM LENGTH OF A SPIN SVABILIZED PROJNCTILE?
B. KNELBUEHL

Defense Technology Agercy, Ballistiecs Division, CH-3402 Thun
Switzeriand

Amang others, the well known gyroscopic stability Factor of a projectile
depends on its geometric and physical datas as for example the moments of
ingrtia. By calculating these moments and estimating the overturning mament
by Munk's formula, we are able to determime the gyroscopic stahility factor
as a function of the length and the slenderness of the projectile. For simple
shapes we get a closed formule. for more complicated shapes the function can
be calculated with a numerical methad with a computer programm.

For a given length of a projectile, we are ahle to determine the shape with
the highest possible stability factor. For a given stability factor, the
maximal length of a projectile can be calculated.

Introduction A very important thing we have to

consider desiqgning such a kind of
The aerodynamic design.of' 8 projec- projectile is the gyruscopic stabili-
tile depends on many parameters, ty factor, a necessary condition far
first of all its future use. Will it its ateble flight.
be a long range shell or a cargo
shell? for a lang range ahell we have The ayrnscnpic stability factor
to choose a slender shape but for a depends only on geomebrical dimen-
cargo shell we decide on a body of sions and physical properties of the
the projectile of a big size. projectile snd the gun, such as the
moments of inertia (J;, Jg), the dia-
In both cases, we will design the meter (d} and the gun twist angle (&)
projectile as long as possible, as a exept the derivative of the overtur-
iong projectile gives both, a qreat ning moment coefficient cp' (and the
‘volume and the possibility of a slen-  density af air rj).
der shape. Leng shells still have an
other advantage. The hballistic coef-
ficient increases and the air drag ' B Ja2 tanZa

consequently decreases. s =

r & Jq cm' d2
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Munk's Formula

Howsver, in the theory aof a steady,
laminar flow, there exists the well
known Munk's formula, that we can use
to estimate the averturning moment of
a body of revolution, needing only

its geometrical dimensions.

r]
— vZ gin(2a)(V - F xg¥) (2)
2

M =

wherein means:!

r] = the air density
" = velocity
8 = angle of attack
= volume :
F = cross ssctional area of the end

of the projectile

xg* = distance between the centre of
gravity and the end of the pro-
Jectile

From formula (2) we get easily a for-
mula for the derivative of the aver-
turning moment coefficient.

It is nﬁw possible to calculate the
gyroscopic stability factor of a pro-
Jectile by depending only an its geo-
metrical dimensions. 1If the projec-

tile is homogeneously and simply
ghaped, it is practicable to derive a

closed formula for the stability fac-

tor.
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Projectile with conical front pax

and cylindrical rear part

There are now the following variable
we can use for the geometrical desig

of a projectile (see figure 1);

the total length 1
the length of the Front part h
the caliber d
We set n = 1/d the length in caeliber

and k = W/l the front part as
fraction of the tota

length.

With some calculstions we receive the

following formulas:

Mass: m ’_IT_ :*p-ud:"-nw{it - 2Kk/3)
4

L}

Moments Jg jE.rp-d5-n-(1 - 4k/5)
of 32

intertia:
Iq = K rp d2-n-Filn,k)
940
Periva~ cp' = n-fFz(k)
Live:
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with
Frin,k) = 15 — 12k + .

&0 - 180k + 1BOKZ - 95Kk3 + 19K4

3 - 2k

18 - 24k + 7KkZ
fzlk)

&(3 - 2k}

Then we get for the gyroscopic stabi-
lity Tactor

3 Tp
s (nyk} = — . — .tanZap -
1M
(5 - ak)?
- (3)
F1 (n,kY T2(k)

(rpt density of projectile)
Discussing this function, we remark
that for a given length n there axist
@ k for witch the stebility hecomes
maximal (see fiqure 2). It is also
possible to design a shape with maxi-
mal stability.
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Comparison with wind-tunnel tesks

It was an inleresting question, if
this festure was a result of the use
nf Munk's formula or if a real pro-
jectile with measured derivative of
the averturning moment eopefficient

alsc had a maximum of stahility.

To anawer this question we made wind-

tunnel tests with 3 projectiles with
a length of 4.5 caliber and a ratio k

of 0, 0.3, 0,66 snd 1.0. We got the
following results:

For supersoniec and subaonic veloci-

*ies the characteristic of the mea-

sured cp' and of the Munk-calculated
cm' was the same (see figure 3).-
Hence, the stability factar, based on

1

the measured cp' has also a maximum

{see figure 4),

But we saw that Munk's formula gives
a too high value for the derivative
of the overturning moment coefficient
and therefor a too low stability fac-
tor. '

the cha-

racteristic of the measured r,' was

For transsonic velocities,

different. of the calculated one, but

one could expect this result.
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What's the maximum length of a

spinning projectile?

fo examine the influence of the shape
of the projectile, we rcalculated the
stability factor as a function of ths
geometrical dimensions for two types
of projectiles with a computer pro-
gram.
"shell-type": steel case, filled
with explosif
"bullet-type": asteel jacket, lead

core

For both types we had planned a hoat-

tailed rear part and several diffe-

rent shaped front parts as

- an ggive
- a form with minimum forebody drag

- a cong

We remarked that for all kind of pro-
Jjectiles there exists a ratio of the
front part Iength to the total length
80 that the stability becomes maxi-

mal. The position of that maximum

depends on the shape but not on the -

total length of the projectile (seae
figure & and 7).

Using the shape with maximal stabili-.

ty, we calculated the relation beat-
waen Lhe angle of twist, the total
length and the gyroscapic stmbility
factor. The results of these ealcu-

lations are shown in the figures B
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and 9 whereby the values of Munk'
formula had been propartionned to th

wind-tunnel measurements.

Conelusion

If we have to design a projectile fai
a given angle of twist that wa wanl
to make as long as possible, we are
ahle- to determine a shape with the
highest possible stability.

It we are also free in the chaice of
the twist, and that already st the
moment of deaign, we can optimize the
shape of the projectile and at the
sama time also the twist,
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