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PREFACE

' The REagireering Desige Handbook of the
Army Materiel Command is & eoordiceted series
of handbonks containing braie information and
fundsmentai data usefu! in the design and develop-
men: of Ay watariel and systems. The Hand-
bocks are nuthoritative reference books of practical
informatian and juantitative facts helpful in the
hnnddmdmtdmﬁcndthtwﬂ!m
the ners of the Armed Forees. ‘

This hazdbuok, ene of & series on ammuniiioa,

" prestzis & genersl survey of the principal fictors

affe-tng the dight of projectiles, and denerihes the
mthdsmmlyu-dfocpudieﬁumdiu-
fueacing the flight performance.

The cceficients which charactariae the aero-
dvaamic foroes and momsents on & meving body
sre identified, methods for determining the coefll-
cients applicable to & prejectile having a given
shape and esnter of gravity lecation are deseribed,
and the coeficients of & number of projectiles and
projectile shapes sre given.

‘The wee of serodynamic eoslicients in predisting
stability, range snd accuracy i described. The
effects of variations in projectile shape and conter
of gravity loestion en range, sccuracy sad lethality
sre discussed. Seme material on prototype testing
and the offects of rennd-to-round varistioms ia
production lots s preseated.

It ie ne ionger pamible, if it ever was, to eram

inte & fow hundred pages all of the infermaation

required to intelligently design ewry type of eqn-
ventionul projectile. The sathor must choose be-
tween copstructing a digest o ssiiable informa-
tion, or directing the designer to the sources perti-
nent to his problem, together "»ith enough beck-
ground material to make it poviible for him to uee
the data in the origical reports. ‘The second ap-
provch has been chosen in th's handbook ; the mw-
terial preseated is intended to place the demgner
in & position to use new information as it is pre-

_ dueed by the various research facilities.

This text was prepared by K. L. Kessler, sssisted
by D. Viseberg, both of the staff of The Budd
Company. Much of the material and many beipful
comments were supplied by the U.S. Army Ballistie
Rassarch Laboratories snd by the Picstinny and
Frankford Arvenals. Final editing and arranging
were by the Engineering Handbook Office of Duke
Univernity, prime conatractor to the Army Ressareh
Office-Durbam. -

Riements of the U.8. Army Materiel Command

" hiving nesd tor handbesks may submit requisitiens
or sficial requesta directly to the Publicstions and

BRepreductiona Ageacy, Letterkonny Army Depet,
Chambersburg, Penaaylvania 17201.
m:hntudmuh.nmtoh
eontracting ofSesrs.

Comments and suggestions ea this headbeok are
welcome sad shonld. be addremed to Army Re-
starch Ofige-Durham, Box CM, Duks Btatier,
Durham, North Carcling ITM8.

e TP

Contrasters
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CEAPTER 1
INTRODUCTION

$=1. GENERAL This handbeok is concerned with
the design of projectiles fired from gums. The pro-
Joctiles esusidered are of grester sise and weight
than ean mermally be fired from s hand-held
systeme. It will be smsumed that they are bodies
of revoiution, ssmetimes equipped with fing, and
fly in the gensra! dirvetion of the loagitndinal axis.

$—2. NEASURES OF PERFORMANCE

The principal measures of the performance of
8 prejectile are:

The values taben on by these messures when &
round, or group of reunds, is fred are determined
by stmespheric esnditions, mussie veleeity, gun
erientation, target or burst slevetion relative to gua,
and by flight charueteristion dreigned and built inte
the prejoctile.

The primary fRight ~haracteristios shinh dirvetly
influsnce the trajeetery are:

s. Dng
b. Aervdynemice jump

of Right, snd jemp, which chiefy affects aorurecy.
ore thomeriven Aetormined by & sumber of projectile
shorastorintion whish we will esll srvsndary Bight
charesterintien, namely :

©

a. Zero-yaw drag coefiicient
b Yawdrag eceficient

¢. Sectional demsity

4 Lift coeflicient

¢. Stability

f. Asymmetry effects

g Wind ssneitivity

A Mussie blast semsitivity

- The lift and dreg eeeficiests are fuactions of
peojectile shape and sirepeed. Btability is primarily
& function of shape, airepead, air demsity, and spin
rate, and of the manner in which the mess 3f the
projectile is distributed. Mussle blast semsitivity
depends ou ementially the same parameters as
stability. Wind sewmsitivity depends ou the lift and
drag coefiicients, au stabdility, and, in the case of
rocket-amisted projectiles, en the ratis of thrust
to drag. Practieally all prejeciile bodies (and
fims) are desigoed with retationsl aymmetry ; their
saymesstry arisss in the manufastering precems.
Pusm, bowever, are wually agymmetrie internally ;
the eenter of gravity of the fuse doms 20t e in
All of the ghove sscsndary fight charncder
intiva, and therefore the primary fight churee
teristien, are contreliable by the designer to within
o narvew range; rousnd o reund varistisas avies

13, LOGISTICAL CONSIDERATIONS

This above ctatement lendn inte the aren
lngistiss. The designer st comstantly beee

s
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wind the elements of cost, storability, and trans.
portability. He should avcid, where possible, the
use of materials likely to be in short sapply during
wartime. He will often be limited by the facilities
for loading the projectile into the gun, and by the
design of the gun chamber. Most of thase econ-
siderations are beyond the scope of thix partieunlar
handbook, but are esvered in other design hand-
bookx of this series.

It is nov difficult to design 2 projectile having
loug range, a reiatively whort time of flight, and
4 unall round-to-round dispersion. lowever, the
projectile might, and prebably would, have such a
mmall Jestructive value, or lethality, that it would

- be uatless ax 8 weapon. THE PRIME FUNCTION

OF THE PROJECTILE DESIGNER IS TO
FIND THAT COMPROMISE AMONG RANGE,
ACCURACY AND LETHALITY WHICH WILL
BEST SUPPURT THE NISSION OF THE

WELPON SYSTEM UNDER CONSIDIRA-_

TION. -
For example, medification of an exinting pro-

ST B e v, e

SN Y v~

jectile by incrsasing the length of its ogive, while
preserving the overall length ¢f the projectile,
should decrease its drag coefficient and, therefore,
increase its range. However, the stability of the
round will be altered, with some effect on accursey;
the volume of the projectile will be decreased, with
resulting decresse in lethality (or other meagure of
'w(ulne-guinlbeemofnokeorillumimﬁu
projectiles). These trade-offs are discossed in de-
tail in the body of this kandbook. ‘

" In most of the diseussions in this handbook it
ualuwmmmm-pm
the projectile diameter and the characteristies of
&emfmmnuh&lnd.xe..w
liniits. on chamber pressure, mumle energy and
mussle momentum have been established by the

. gun designer. Occasiomally, but not often, the pro- -

Jeetile designer may be able te specify the twist of
the rifling. If the designer is equipped to make
correct design decisions for any one esliber, he will
benhktoeopemtlthcpnbk.ofebmuu
optimum caliber for a given mimisn, should that
prublem arise.

B R
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CHAPTER 2
TRADE-OFFS

3—1. GRNERAL
Iltbculumd.uadedm‘hna-

pressed in numbers, an intelligent ecomprowise be- -

tween cooflicting gosic can ealy be reacted when
the cost of falling short of cach geal can be ex-
premed in numbern. Furthermore, these penalty
sumbers must bs in the same system, ie, they
mbeupékdbnngdd'dor-uluplndto—
grther te give & significant number. -
Oun-thleaeepghrmed!m-m

. is that of ““utility™, expressed 23 a number which

hubetmmundm(hfueb-.udnuy

standing for mezimum usefulness attaingble in the '

given situstion. If the utility of each element of &
situation eaa be computed, the utility of the over.
oll situation esm be found by multiplying, er.
in some eases, adding, the utilities of the clements
(The sum siay be divided by the sumber of cox-

mmwum%u-
u.mmwum
twles

atility eurves. The designér should

E.

utility eurves with the eoustomer before procesd-
ing with the design; some clarificstion of design
objectives in likely to result. Rxamples of trade-
off are given below.

_ 3—2. INCREASED RANGY VS WARHEAD

VOLUME

design of & recket-assisted prejestile to be fire

,lmnumggu. lnuenwmuedbyth

i incrensed, the velume of the warhead, and theve-
fore its lethality, is decreased. The designer con
esmpute the trade-off curve of range v warheod
velume, sad it this curve with 3 simple algesbraie
expremien. Fer ezample, the curve might e &
shown

1

.
§ Y
s 0 b —
' .'hM !‘qlu' '

R
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Here X 2nd Velyy represat the range and
warhead volume, respectively, of the standard pro-
jeetile ired from the given gun. The design prob-
lem is to inerease the range sbove Y.y without
scrifieing “to0 muweh’’ warhesd volume. The
.equation for the curve shown would be:

) ¢ Vel

replacing the fractions by symbols:

)} 1R
Beg-lo—g3
. .z_x-“x..
- Rep—

. This equation might fit the curve well caly over
the range 34 < R =1, but it will tarn out that in
this emample we are aot interested in selutisss out-

xr

of range usefulness approaches sero as the range
approaches the upper limit. :

Usml-(1 -2

0.5 1.0 2 |
Since we know the relation botwesn £ and R,
we con expeoms Us in torms of 2,
Oem i (f-2)- Zo
On the sssumption that the wtility of the esmpro-

miee selution is prepertienal to the produst of the
utilitien of range and warhead velume, we have

b
.
o
v

L
.
(-4

o
.
o

Resultant Utflity, Up' ¥,
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and the best ecmpromise Lies at R = C.00, where
T =158 a0d X = 1.67 X s The resultant utility
of the ttandard projectile being 1.0 by ths cvi-
terion, we have an estimate of the iscresse in uee-
fulness gained by geing to the rocket-asisted pro-
Jwetile, vix, 56%.

323 Comparissa of Results for Utility Bqual to
Zere 434 Utility Equal to Unity

In cur examples it does not make muchk dif-

frrence which eriterion we use, however, this will
»ot always be the case. In genersi, it 2on be 2aid -

that the wse of the additive eriterica places the
optimum at the peint where the sum of the slopes
of the wtilily curves s sero. In the multiplicative
methed cach slope s maltiplied by the preduct of
the other utilities befcre being summed to mre.
After locating the ares of optimuca selutions, the
fasl sclutiss will be pinpeinted caly by ece-
siderations of ascurecy, time-of-Sight, sad legirtica.

AMCP 708-242

2—3. TABULATION OF POSSIBLE mnx-
OFFs

Denign changes which increase accuracy mome-
times deerrase range; range and sccursey might

both be improved by inereasing the cost of manw-

facturing the round. The trade-of method omt-
lined above ean be useful in thess and similsr situs-
tions.

Many different trade-off situations sre mes-
tioned in the C'scumions in this bandbook. Pwu-
ample:

LC‘pnunch-eb’mdnnhm-
in trajectory eslenlations.

b. Warhead volume for short time-of-flight by
use of a subealiber projectile.

e. Range or time-of-flight for accursey waere
improved stability may 5+ obtained by em-
ploying a high drag anafigaration.

d. Warbead volume for range or time-of-flight
by boattailing. or by lengthening the ogive.
Unfortunately, incressing range usually di-
tinishes the weefulnem of ¢ven an undimin-
iahed warhead by imereasing the dispersien
(in meters) 1t the target.

¢. Drag for manufacturing csst in the shoioe of
fin prefile.

{. Range or time-of-flight i= reduced sterage
aad bendling spase in the cass of & spike-
»esed reund.

;wuwm»mw
nghl.
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CHAPIER 3

AERODYNAMIC COEFFICIENTS

3—1. GENERAL

A large part of this handbook is coucerned with
the interactions between a projectile and the air
through which it flies. Frequent use is made of the
fact that many aspeety of this interaction arz in-
dependent of which of the two, projectile or air, is
actuxlly moving; thei~ relative veloeity is the
significant quantity. The basie characteristies of
the flow of a fluid, sueh as air, around a body arv
dencribed in Poundetions of Aerodymemics by
Kuethe and Schetzer, and in Phyricel Principles
of Mechanics end Acoustics by Pohl, which pre-
sent many interesting drawings and phetograchs
of the flow of finide, using dye or reflecting ~.rti-
cles 10 make the motioa visible. The Bibliography
st the end of this hasdbook lists these and other
bosks on aeredynamic theory.

3—2. BODY ARRODYNANMICS

A projectile fiying through the a.: ecreates
vortraes, turbulence and, if its sperd i aficiently
great, shoek wares in the sir. Both the air and the
projcetile are hested. The eneryy content of these
motions is supplied by the kinetic energy of the
projectile, and this transfer of energy implies <
foree, or force system, between the air and the
prejectile. This foree system may be analyzed into
components whieh produce changss in the linear
and angular velocities associsted with each of the
threr orthogonal azes which may be cbosen as &
cosnlinate symtem for the description of the motion
of the projectile.
3eud.} Coscdinate Syviam

The eosrdinste s/stem employed in this hand-
bosk. Figure 31, for deaeribing the fovess and

" moments acting on a projectile hes ita origin at the

center of gravity (e.g.) of the projectile, iis X-axia
pointing in the direction of the tangent to the
trajectory (note that this direction changes as the
proj:ctile moves along the trajrctory) and its Y-
and Z-axes in & plane normal 0 the X-axia The
Y axis is horisontal; the Z-szis is normal to the
other two.

.

Projectile axis

™
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trauxiation cf. and rotation about, itx renter of
gravity.

322 Yaw

The aerodynamic forees are functions of the
attitude of the projeetile with respeet to the di-
rection of motion of the c.p. relative to the sur-
rounding air. If there is no wind. this direetion of
relative motion iz along the tangent to the tra-
jeetory. (Since wind veloeities are small compared
with projectile velorities, wind effects are usually
introduced as correctionn.) Yaw is defined as the
angle between the tangent to the trajectory and
the direction of the longitudinal axia of the pro-
Jeetile. Thix angle varien eontinuounly throughout
the flight, rapidly at fine, but, in & well behaved
projectile, s rapidly ax time goen om; apin-
stabilised projectiles should quiet down to a nearly
ronstant yaw, called the yaw of repose, while
the yaw of fin-atabilized projcctiles should damp

_ to very small valies. In mathematical analyses, the

pasition of the projectile avis ia usually projeeted
onto the Y, Z-plane, giving a horizontal and a
““vertical’’ ecomponent of yaw. These components
are related to the yaw by the cosine and sine of the
yaw orientation angle, and are usually handles
mathematieslly by the une of complex numbers.

3—2.3 Center of Pressure ,

The acrodynamic fovees o & projectiie are de-
termined by the premure distribution Avhich exists
over the whole exterior surface, but in oeder to
simplify the memmrement and mathematical ma-
nipulation of ‘hewe forees, we deal only with a
npeeified wt of the rexuitantn of the dimtributed
forren. Thear resultantx have a magnitode and
dizection, and alm & point of appliration on the

"~ body, i.e., & point through which the resultsnt seta.

This point, called the center of premure (ep.) of
the foree in question, is assamed to lie in the longi-
tudinal azis of the projectile, but its position oa
that axis depends on the shape of the prejectile, its

*lincar” projectile behavior in which the yaw
seldom exceeds 10°. One purpose of good design ix
to keep the yaw well below this figure: not greater
than 5% llowever, the center of pressure of the
magnux forces can move an appreciable distance
when the yaw angle changes aa .nuch as 10°, and
some attempt to deseribe the effeets of this e.p.
movement will be made.

3—3. AERODYNAMICS FORCES AND
MOMENTS

3~—3.1 General

The (resultant) forces and moments which are
siznificant for projevtile dexign are:

a. Normal fores

b, Lift

e. Drag

d. Maxnus foree

e. Static moment

f. Damping moment

g. Magmus moment

h. Roll damping moment

332 Lift and Drag

The resultant of the pressure forees on a sym-
metricsl nomspinning projectile lies in the plane
eontaining the tangent to the trajectory and the
Jongitudinal axis of the projeetile, called the *‘yaw
plane”; the point on the projectile axis through
which thix resultant passes is called the center of
premure of the lift or normal foree, since the re-
sultant may be pwolved either into lift and drag
components, or into normal foree and axial drag.
Lift is paruliel to the Y, Z-plane, drag is parallel
to the X-axin; normal force in perpendiculsr to,
and sxial drug is in line with, the axia of the
projectile. Bach powsible pair of components lies,
of rourse, in the yaw plane.

3=3.3. Magnes Ferce

When 2 prejectile is spinning sbeut ita longi-
twlinal axia, the pressure distribution ever its sur-
fare is altered so thet the resultzat foree Do longer
lien in the plane of yasw. The serodymamiciat tukes
eare of this situation by istreduciag & fores com.
ponent nermal 1o the yaw plane, togethor with s

@
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sssociated moment. This foree, called the * magnus
force”’, is also perpendicular to the longitudinal
‘axis of the projectile, and passes through its. own

center of pressure. Vector subtraction of the
‘ magnus foree from the total force on the projeetile
leaves a foree in the yaw plane, which can be re-
solved into lift and dragz.

3—3.4 Static Memeat

The static moment is the product of the normal
force and the distance betweep its e.p. and the e.g.
of the projectile, which is considered positive when
the e.p. is forward of the c.g. as it practically al-
ways is for spin-stabilized projectiles. The sxis of
this moment is a transverse axis through the c.g.,
normal to the yaw plane. Fin-stabilized projectiles
have the e.p. aft of the c.g., » that the static
moment opposes am inerease in yaw (in normal
flight), and ean be ealied s ‘‘restoring moment’’.

335 Damping Mement

When the yaw of the projectile is changing,
. the swinging of the projectile about its c.g. changes
the pressure distribution s0 as to produee a couple
about an axis through the e.g. normal to the plane
of the yawing veloeity (which is not necessarily the
plane of yaw). This coupie, called the ‘‘damping
moment”’, usually opposss the yawing velocity.
3-=34 Magpms Merment

The magnus force produces a moment about an
axis through the e.g. parallel to the normal force.
This magnus moment changes the yawing velocity
in & way which depends on the loeation of tie eenter
of pressure of the magnus force, aad on its direc-
tion. The magnus forece and moment are a result of
spinning the projectile, and are absent oo a non-
rotating projectile; however, even fin-stabilized
projectiles may have spin. -

3=3.7 Rell Damping Memest v

. The roll dampizg moment is & eouple about the
loagitudinal aszis of the projectile; this moment
on & spinning bedy is related to the frietion he-

AMCP 708.242

tweer. projectile and air. Fins produce large roll
- dsmping moments owing to the lngle of attack
induced by spin.

~ 3—4. FORCE AND MONENT COEFFICIENTS

it has oeen found that the aerodynamic forces
and the static moment are proportional to the
dimensions of the projectile, to the dynamic pres-
sure of the air, and to the yaw of the projectile.
The three moments arising from rotatiors are ulso

proportional to their appropriate angular veloei- -

ties. The faetcrs of proportionality are known as
‘‘serodynamic coefficients’’. They are not constant
for a given projectile, but sre themselves funetions
of Mach number, Reynolds number, spin rate, and
vaw. A brief discussion of the foree and moment
coeficients follows. For a more complete discuvs-
sion of the aerodynamic forces and mocents sse
Murphy, The Fres Flight Motion of Symmeiric
lunlla, Ref. 12a |

3—4.1 Acredymamic Fercs Cooficients
'Themmtsicniﬁunt“theumdyumie foree

coeflicients are defined as follows; where

1=KV

is the dynamie presure, 8§ = ?4- @® ia the fromtal

ares of the projeetils, and & in the yaw in radiems:

# == air density, slug/ft*

V == speed of projestls rel.

ative to air, ft/ase
# =roll rate, rad aee
4 = mazimum body diam-

N
Cp’s

c,.-%

P S (o) D=imeD
( Ny = magnus fores

All of these cosficients are expected to be fume-
tions of the yaw aagle, «. For small angles (s <
0.17 radisn), all, sxcept Cjp, can be assumed to vary
linearly with yaw; this leads to the ums of the slepe
of the eurve of coefiicient varwns yaw angle as &
more couvenient description of the ehrasteriatiss
of the projectile. Using the subseript ¢, to densts
& derivative with repect to &, we cam wrile:
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N= —'930 Cn,gSa
L-—dﬂ C,,.ch

N-ﬂ!’g(ﬂ)ﬂ-(:p"ﬂ( B
Drwnruwithtboquﬂofﬁnfnv.nve

 write

= (Co, + Cp 4" @8

"hnC..nlhcdnceoMnump'nd

Ca s is the rate of change of {p with o’

342 Mement Cosficents and Memants

The moments produced by the aerodynamie
forces are referred to the center of gravity of the

. projectile; unless otherwise stated. The moment

coeflicients, in the terminology of this handbook,
are derivatives with respeet to yaw, or with ~espeet
to appropriate angulsr veloeities.

3—42.1 Momenit Cosflicieuts
Thess coefiients are defined as follows:

wl':C'. = static moment coeficient

M. s (3__5;)) - Cv, - c.'.;»..

3—4.2.3!,. Momeat Abest Hecizenta' Axis
The totsl moment abeut s berisontal axic
w&ughdmby

- 5 (0,5 )

S the fosee in the £ Sivestien i» peegertional
» the yow e ¥ dvestien. B0 pasagraph 3—43
u.
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ity about that axis, is zero; ie., the total angular
- veloeity about the horisontal axis is ¢ + & ¢ arises
from th» eurvature of the trajectory. Therefore, in
‘eoeflicient form

- ;.wm[c.,.q— c.,( +c.,(-‘,-") |

ven(@)]

The first term of the expansion is the static moment,

the next two are the damping moments, and the

last term is the magnus moment. (Note the each

term inside the brackets must be multiplied by
. %oVidd

to obtain the moment.)

3—423 M, Mement About Vertical Axis

. M,, the ssrodynamic moment about the ‘‘verti-
eal”’ axis through the eg., is obtained by a similar
expansion, mcnd §, substituting §
for &, and » for ¢, where r 4- 8 is the angular ve-
Joeity about the s-axis.

3424 M, Mement About Lengitudinal Axis
axis of the projectile is, in the abssnes of a spin-
induecing torque such as might be ytov\d.d by
canted fing, simply

n.-c.,o!d(gf)

and Ci, is called the voll damping moment eo-
efficient. The dimensionless ratio pd/V which ap-
pears above is oftea desigumied by », the spia i»
radians par caliber.

3--4.2.5 Relatisnshiy Betwesn Ballistis and

Acrolynamic Systams of Conficints
The earlicr work in this ares uses & system of
coefBcients within which o V* takes the place of the
dynamie pressure, and & takes the plase of the
- frontal ares. This system is, of soures, dimension-
ally correct. It was the system used in AMCP 706-
Beries, Section 3, Design for Conivel of Plight
Charasterishies, sad is dissarded here in the in-
terest of uwnifying the netatien of asvedyvemiciotns
and bellisticisns, sines the lotter are Soresd o um

&

—
v
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& large umount of wind tunnel dutn obtainest by
nerodynamicista.

The ballistie notation will be around for 8 long
time, wo it ix neeosary o know that eoeflicients
in the ballistic system (which are wally denoted

by the enpita! letter X with a subseript) can be

‘converted into the correaponding serodynaniic
cocficient slopes (or directly into those coefeients

" which are not functions of yaw) by multiplying the

ballistie syst.m coefficient by 8/x, e.g., Cu, = gx.'.
For example,

N = Cx, (i.v*{a-) o= xx(,v’w'}ng

When sina s a, Cy, = g Kx by caneellation.
It should be noted thet for Cl', C., + CU ,

and Cx,, the multiplier is - 2 (Some authors

nne-!gu a multiplier, since they use 2V as the

denominator of their spin terms, eg., pd/2V in-
~ stead of pd/V.) .

3--4.3 Complex Yaw
In the foregoing discussion, for the sake of
simplicity, the symbol « was used for yaw angle.
In the notation of Ref. 12a, o is the component of
the yaw angle in the *‘ vertical’’ direetion ; the com-
ponent in the horisontal direction is §, and the
total yaw angle, 3, is given by
3=P4¢s

vlmetiemuhono!thcnvuhn ';.

. The umdyume coefficient slopes, or ‘‘sero.
. dynamie derivatives’’, can be defined in terms of o

becauss of the rotational symmetry of a projectile;
their values ean be derived from measurements
mede on & model which is given 3 yaw in one plare,
identified as the o-plane. (Seel(e&ne.xelhymd

Rene, lztemr Bdhmn, Ref. 1.)

If the projectile is viewed from the fromt, §
Aright‘ud-'upodﬁnnmrd.
A peojectile with righthand spin (counter-cloek-
mmmmmmmcm.

@
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magnus force downward when § i positive. If the
veuter of premure of this magnus foree is aft of the
eg. of the projectile, then the magnus moment is
pesitive sinee it addx to the static moment produced
by positive a and Cy,. In the sudy of the effect
of ¢.&. ponition on the aerodynamic propertios of the
A-N spinner (Ref. 49), it will be seen that C.,,
increases as the c.g. moves forward.

3—S. METHODS OF MEASURING TH®
COEFFICIENTS

3—5.1 Geasral

In order to be able to predict the performance
of a proposed design, & good bit must be kmown
about the probable pattern of the air fiow over the.
projectile in flight. This air flow is mathematizally
described by the serodynamic coeficients, so these
must be messured or estimated. Estimstion, by
methods referred to below, is adequate in the pre-
liminary design stages; however, if the coeficients
are not well established before prototype rounds
are manufuctured, the desigoer runs a great risk
of a totally unacceptable performance when the
first test firings are made. Furthermore, the process
of maximizing one desirsble cheracteristie, such
as lethality, which involves reducing other per-:
formanes characteristics, such as stability, to their
minimum acceptable values ean not ba intelligently
earried out if the prineipal acrodynamic eosfficients
are not known to a closs approximation.

3—5.2 Methods of Measurement
Two methods are in common use for the measu re-

. ment of coefficients, both of whiech yield values

which are adequate to permit confident design
compromises. That is, they yield not only sufficient-
ly accurate values of the coeficients of the design
being tested, but also good estimates of the changes
in thoss coeficients which would result from small
changes in the design. The two methods are:

s. Ballistic range tenting

b. Wind tunnel testing ‘

The method chossn in s particular case may
depend on the technieal considerstions listed he-
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low; if not, it depends on factors of time and cont.
Major considerations are the availability of the
range or the tunnel, and the speed with which the
necemsary dzta reduction can be performed at the
svailable facilily beesuse costs are usually aot
widely different. : ,

Estimated asccursey of aerodynamic coefficients
obtained Ly ballistic range and wind tunnel tests
is shown in Table 3—1.

3—5.3 Factors to b Cemsidered ia Selectien of
Methed .

The eonditions and sbjectives of the test should

be thoroughly discussed with perscanel of the

facility ehosen before any work is started on test

modcls or prototypes. However, to amist the de-

signer in the preliminary discussion, sigmifieant

differences between the two metbods of testing are
deseribed below. .

3—35.3.1 Fres Flight (B-llistic Range)

& Good eontrol of Mael: number, velocity,
temperature, and pressures.

b. Little control of mod:! attitude.

¢ Mcdel must be statically or gyroseopieally
stable.

d. No mrut to interfere with base flow.

o. One test covera a range of Mach numbers.

f. Data obtained from shadowgraphs, photo-
grepis, and yaw eards, with the possibility of
telemetcring some data.

g Data reduetion is complicated.

h. Models usually full seale. v

i Reynolds number ean be varied by varying

3--432 Wiad Tussel

a. Bxoellent eontrol of Mach number, velocity,
temperature, and pressures.

B Exeellent ecntrol of model attitude.

o. Can obtain data on both stable and uastable

configurstions.
d. Mode! suppcrt may imterfere with base flow.
¢. Only one Mach number per tast.
£. Data obtained from foree and moment hal-
_ amees, pressure taps, schtieren photographs or
" shadowgraphs. ‘

g. Data reluction is simple.

h. Models ususlly reduced in sise.

i. Beynolds nmmnber can be varied by varying
tuinel pressure (it may not be possible to test
at free-flight Reynolds number).

3--5.4 Data Resuiting frem Ballistic Range Tests

For a teat of this type a projectile is manu.
factured in accordance with the preliminarv design
drawings; if length or diameter is %00 great, a
geometrically scaled model with a proper mams
distribution may be made. The projectile is fired
along & nearly flat trajectory in a suitably instru.
mented building. For a description of such a range,
its instrumentation and method of operation, see
Ballistic Research Laboratories Raport 1044 (Ref.
13}. (The U.S. Army Ballistic Ressarch Lahora-
tories at Aberdeen Proving Ground, Maryland, will
be hereinafter referred o by the initials BRL.)
The designer should be fumiliar with the eapabili-
ties of BRL, as this installation ean be of major
assistanee to him in any design problem.

As the projectile flies along the instrumented
range, & number of parameters of its mntion are
very earefully measured at successive stations along
the range. They are

a. Velocity

b. Roll rats

¢. Yaw angle

d. Yaw orientation

e. Swerving motion

From the position versus time (veloeity) data,
the deceleration of the projectile ean be inferred.
Knowing the mass and diameter of the projectile,
and having cbserved the current valnes of baro-
metrie pressure, temperature, and humidity ; we are
sble to compute the drag and drag cosfizient, Cp.
Rejeat firings at the same velocity can give the
variation of Cp with yaw angle (squared), and sets
of firings at different mumis velositis will give
the variation of Cp with Mach number. If the pro-
joctile is rocket-sasistsl, test firings with reekst
ignition will give net thrast.

All of the eseficionts listed abeve san be de-
termined in & Dallistis renge, exespt that Cy,
and Cy; sre always dotermined as & sum. The
yawing fiequencies and the damiping are deter
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TABLE 3-1

ESTIMATED ACCURACY OF AERODYNAMI( COEFFICIENTS
OBTAINED BY BALX.IS‘I‘IC RAI'GE AND WIRD TURHEL TESTS

Entimated Mc:mum E’rmr‘ in Peroen!

P —— — - - e

Cosficient " Ballistic Kange _Wind Ttmael

CT; T Drag T T + 0.5 t 2. o
Ci, Lift + 5. + 1.

Cu, Stati> moment + 2. + L

Cu, + Cu, Damping moment +10. t10.

Cu,. Magnus moment £15. ' £10.

G, Roll damping moment %L . + L

ep-cg. * Separation + .10cal ‘ + 0.10 cal
Cw,, Magnus force 125 . £+

SMazimum error equals 3 std. deviations

mined early in the process of the reduction of the
dats, and indeed the dynamic stability of the
projectile at various Mach numbers can be direetly
observed. Dynamie instability may be eatastrophi-
cally apparent; cbeervation of the projectile in a
free flight eondition is one of the major advantages
of testing in a ballistic range. If it is desired to
amess the effocts of varying initial roll rate, this
may be accomplished if suitable gun tubes are
available. Usually, however, the designer does not
have roll rate at his disposal because even if the
projectile is not designed to fit an existing gun,
rotating band strength or tube wear ususlly puts
a limit on the sliowable spin rate.

_ Coeflicients of typical projectiles, determined in
8 bullistic range, with estimates of their accuracy,
are given in Table 3-2) and in the Aerodynamic
Data Sheets, Appendixes VIII-A through VIII-Z.
A lLst of the ballistic ranges in North Ameriea
which are ususlly used for Drojectile testing ap-
pears in Table 33.

3—5.5 Data Resuiting frem Wind Tunnel Tests
A test of this type is usually made on scaled
medels having the exterior configuration of the

@

projectile’s preliminary design. The interior of the
model is hollow 2.2d contains suitable provisions for.
mounting the model on & sting or strut which in
turn is supported by a structure attached to o
stationary portion of the wind tunnel. If the
model is to spin, the internal provisicas inelude
bearings and often a drive motor. Internal strain
gage balances are generally used to moasure the
aerodynamic forces and moments.

All of the asrodynamic coefficients previously
discussed can be determined in wind tunnel tests
Cy, and 0, can be dstermined separately if

. desired. Very sccurate determinations can be made

if the need for such accurscy justifies the cost.

Coeficients of a typical projectile, determined
in a tunnel, with estimates of theiz sccuracy, are
given in Appendix VIII.Y. -

3—5.6 Test Facilities -
A partial list of bellistis ranges and wind tun-
nels in North Ameriea which are suitable for artil-

lery projectile model testiug appears in Tabls $-3
and Table 34, respectively.

31
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TABLE 3—2
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COEFFICIENTS OF TYPICAL PRO BCT!L!SHIBASMD IN FRE

FLIGET AXD

TIMATED

)

R=6.17 '—_
B

-

70" i}

—-'$4. r‘f‘;n—j——.' iA

..<g-a.s ]
-

COXFFICIENTS

Sines it is wasteful to construet a projectile or
projectile model for ravge or wind tummel test
which has no chanos of succems, and which may even

298 - o.'

Identification.: - 105-mm M1 ComeCylinder  7Llal A-N Spinner
C», (peak value) 0.40+ .01 .4116.01 0.48+.01
Constants a 124 - 1.52 1.5

in Q function b 0.2 0.20 0.2¢
(Boc par. 4-7.7.1)  l¢ 2.70 2.0 32.60
Range of validity 1.1SMs2.5 1.2SM%3.2 1.1SM<3.6
Coy (avg) 6.0 7.0 . 8.0
Coaficients ot M = 1.3: determized by free flight mieasurements
Ca, 2.3+0.2° 2.6+0.1 2.6540.15
e.p. (cal. from base) 3.45+02 2.7£0.1 5.420.1
o.g. (oal. from base) ° .76 - 1.6 2.96
Cx, 3.9+0.1 2.7540.06 6.240.06
Cu, + Cx, ~7+1 -9 -2810.5
Cu,. 0.03+0.05 0.28 . 0.40%.08
e, | ~0.19+ .001
Coaficienis at M = 1.3: estimated by Simmons-Wood methods )

Cs, " 2.40 '3.80 2.9

a.p (cal. froo: bese) 3.10 2.00 4.90
Cx, 3.25 2.68 . 5.40
3—6. METHODS OF ESTIMATING THE . destroy walls or imstrumentation of the ballistic

range when fired, it is necessary to maks prelimi-

o

.nary estimates of the prineipsl serodynemic eo-
efficients before testing. The methods of meking
such estimates ars given in the list of reports, Table
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. . TAME 3-3
PARTIAL LIST OF BALLISTIC TEST RANGES IN NORTE AMERICA
Lecation Reference Commeni
Ballistic Rassareh Laborstories Ref. 19 Two ranges.
Aberdeets Proving Growad BRL Report 1048, Projectiles up t0 8
w W. Braun inches max. diameter
Naval Ordoaace Laboratory NAVORD 4062 Three ranges, two
NASA Ames Research Conter " NACA Repers 1222 Several reages
Moffect Field, Califoraia
Canadian Armamest Research and Canedian Aere- Large nage
Developmenst Esablishment autscsl Jow nel,
Quebee City, Canada May 1956
TABLE 3—4
PARTIAL LIST OF WIND TUNNELS IN NORTH AMERICA®
Lesstion " Begigment Mash Number Rangs
Amold ' Twe wasssnic tunmele 0.5-1.6
Development Contar (2 EDC) Theus soerecnss 1.8
Araeld Aw Peeee Bastion, Tenassee Thwes hkypesssnis 88, 80, 13
Ballistic Resmarch Loboratorize Twe superassic tuanch 1.28-8
Aberdern Proving Greund, Maryiaad Ous kypersonis e, 7.5, 9.2
NASA Ame Remarch Center Theee subusaie tunnels o-1.0
Mofiett Fuid, Califerass Pour tnasenie 0-3.2
Pour supsessine . -4.18
m_m >0, 8.8
NASA Ressareh Conter - Thees ssbusnie tunnele 0.6
- Langley Vogms Kight traassais 1.4
iX GUPIINORiS 1.26-7
Sizaen hypessanie %
NASA Lowe Ressareh Cavier Oue eubwonie tuanel 0.4
Clrvelaad 35, Olwe Ouae transonue 0.8-3.1
. . Seven suparvense 1.3-$
Oue kyporssase ?
Naval Ordasace Loheretery Pour wisenie tonacls 0.4
Whate Quk, Merylend Ous kypuresase 8, 10
Nubm-“mmnﬂhom“dmwndcnnﬂ
Qoted 000 aurd tor grojsstity word. Semse tomnsls appuee wece thas cose ia the het  Mesw | oot thame and
meay other wiad tonssts il W found 0 e FATION AL WIND TONNBL SONBEARY, 1981, prapaved by Wis Aave
asuites sad Acsteensatins Comvditasties Beard, Dupartment of Dofouse.
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TABLE3S
LIST OF REPORTS CONTAINING METHODS OF XSTIMATING
‘ COEFFICIENTS
Quentsity Reforences Comment
Cu, ' Simmons (Ref. 20) Not readily available
and Hiteheock (Ref. 81) - * Limited renge of usefulness
Cx Wood (Ref. 21) on Simmons; used in this handbook
- Kelly (Ref. 16) (See Appeadix ITI-A)
Cu,+ Cu, Hitcheock (Ref. 81) Sonvenuo:l spia-stabilised projectiles
| Cx,+ Cu; = 09 (2’:) 13
. - (fairly good $¢ 3 < L < 8)
. - . ‘
Dorrance (Ref. 15) Reproduced in Murphy and Schraidt
(Ref. 48)
Cx,, llanm(Rd' 40) - Ses also Ref. 49
‘ Kelly (Ref. 39)

35 &-pb-lnhn-mdo'-nthAp-
pendizes.

These methols are fundamentally based o aa
interpelation of data from very maay wind tunsel
and ballistic range tests of a wide variety of
projectile shopes. Use is made of linear asero-
dynamie theory ia constructing formules for per-
should of course not be wnd for shapes which lie

outside of the range of the data on which they are
based, it may be necemsary to use them for unusual
shapes when no other method of estimation is
available. Such shapes should be tested in 8 wi~ *
tunnel ; most ballistic range operstors would ref
to fire them.

Estimated ecoefficients of typieal projestile

shapes, for comparissa with values odtained in

ballintic range tests, are pressuted ia Table 3-2.

e el oy SRS . ol
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CHAPTER 4

TRAJECTORY CALCULATIONS

4—1. GENERAL

The purpem of a caleuistion of & trajectory,
the curve in spece traced by the center of gravity
of the projectile, is ususliy the prediction of the ex-
peeted point of impact of the projectile. when fired
st & given munxle velecity and quadrsat elevation,
sleng with the prediction af asociated quantities
sech gs time of flight, angle of fall, aad velocity st
impert. Bemetimes the raage is stated, and the
purieee of the calculation is to find the correspond-
ing mussis veloeity and/or quadrant elevation ; the
three colistersl quantitiss are stil] of interest. Or
the trajectory may be a grouad-lo-eir type, as
for an satisireralt projectile, for which maximum
altitade, time to reach & given altitwie, and tre-
Jjeetory eurvature are impertast resuls.

4—~2. DIYPERENTIAL COXYFICIENTS OR

SEESITIVITY FACTORS
Oue aan, by varywng the inputs o the trajectory
esicalation by amall smounts, ene of & time, com-
pute the change s experied range, time of flight, or

- other quantity of wterent, sounrd by & amell change

i rach inpet porameter. The perernt chaage in
renge (or other outpat quantity) preduced by o
1% change in an input parameter s cslled by some
wriiers & ‘‘differential coeficrent’’, by others &
“svmitivity faster.”” The factors are diffevent for
carh devign. 5o well an for different intervale of the
valuss of the iaput pa ameters. which in why they
st be dotermined by amall perturbations sad the
partirniar ot of esnditioms for which they are
valid mast be stated. A sample st of semsitivity
fasters for & reshetaminied prejemtile fired for
Satilawn raage ¢ given in Toble 8.1,

&

et A e | Wt by e A A Ny B e s AR

T N I

4—3. DIGITAL COMPUTZR PROGRAMS FOR
TRAJECTORY CALCULATIONS
iaaumersbie trajectory calouistioas have been
of firing tables. Up to the advent and gwmersl
adopti= of the high speed digital computer, these
caleulations were performed by approzimate meth-
ods whi'h employed sverage or effective values of

- the drag coefBieat. ‘rhvano-m'on

are still useful for repid estimaiions of the effects of
varistions in projectile shape, muzxls wioeity and
quadrant eievation om range sad time of flight The
their wee, are gives in AMCP 706-140 (Ref. 97).
Dmtal oﬂm progrems fall inte twe clasess,

ahout ton times the time of Sight of the prajectile
being simaloted. Thin resulied in an ascuresy of

L ik g 07 o

—— i .
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. _sim-lation better than 1%, smuming that the drag

coeflicient eurve used averaged within 2% of the

tree Cp at afl Mach numbers traversed. If no com-
putation of yaw is made, C,,, the axile drag eo-
eficient, is the coefSicient used. Since projectile
-weloeity and altitude are knowa at each time poiat,
Mach mumber i always available for entering a
stored talle of Cp, vs JMach number. A

The particle trajectory is very usefu) in eom-
puting tradeofis of range. time of flight, and
lethality, particularly in ease of 8 rocket-amsisted
projectile. Bxtensions of the program to com-
pate muzzle veloeity under the limitations on
“wnﬂ-uﬂnmt-.ndﬁnt&
mezimun: set-back aceeleration, can further autr-
e the denyn procem.

433 Six-Degres-of-Fresiem Purticle Traujosery

The sixdegreeef-freodom system & seldom
esded for anything emalier than the equiraient of
aa IBM 704. This program computes the pesition
and velecity of the prejectile relative to all three
azes of the coordinste system(s) chosen, as well as
the pertinent angles and angular velocites Al of
the asrodynamic cocficients can be wend (although
maay sscead order ters are usmally J-ft out), and
the resulting simuistion of the trajectery is ssmi-
piete, dewn to yaw angie, yaw ermatation, and
swerving metion. Acvedynamic jump is sa aute-
matic dy-predunet of this eystom. Wind ean b
intredacrd s 3 varishle.

1f rell rate, ;) and the varintion of Oy, with
Mach suml:r were included in the particle trs-
Jostory pregram, them either pregram eould con-
tinuously chosk the gyrescepic stability of
projostile and eanleulate the yaw of repose, The niz-
degresol-froedem systom esuld sl continwoualy
chesk the dysamis stabilitv of the projoctile.

=33 Bmmpls of Simple Purticls Trajectory
Calculatioa (FORTRAN Pregram)
The FORTRAX partisle trajostery sregram
pressnied below wes written for an IBM 1630 eom-
puter with 30,000 units of memory. It will om-
pute trajosterine of convestonsl snd singie-stage

B Y e

rocket-asaisted projectiles, either spin- or fin-
stabilized. and singlestage rockets. The spin, yaw
of repose, and gyroscopic stability eomputations do
not allow for the presence of fin eant or nostle
cant.

_The limited memory available made it Decesssry
to read the headings for the output (see Table 4-1
for a sample output) from eards Appendix IX
describex the input earde forming the dais deck;
the numbers on the iuput cards describe the pro-
Jectile aud its launching emviromment. Heading
canis are & part of the data deck and follow the
numerics! data, except that the first card of the
data deck identifies the projectile being processed.

An experienced programmer, oz one having
acvess 10 » computer having s larger memory, will
be able to make many improveweuts in and ex-
tensions to the program preserted here. For ex-
ample, this program isterpolates limearly in find-
ing C», or Cy, from the wbim previded by the
data deck ; it may e lificulty to represent a given
curve sufficiently weil with ouly nine data points.
Furm while the computer will print out

UNSTABLE whes 8, is lews than uwanity, dynamic
stability must be comiputed by hand.

A tymeal eutput preduced by the program
given beb.w is presented in Table 4-1. Projectile
Mmhwmmuummu
the methodn of .gyressspie stability
(Appendizes §-VII).

‘The form facter relating the drag of the sample
prejoctile 1o that of the S-ined/S4 Navy projectile
wtored in the computer memery was estimated to be
1.05 siner the only significant difference in shape
is the shorter omive of the sample prejestile. The
of the sample projestile te the Cy, table stored in
mevesry was ontimated %o be 1.142, based on the
Woed-Sisamens estimate ot M = 172

The last line of ths computer output gives the
time of flight in ssecndn, the range in meters, the
velosity st impast, sangle of fal!, aad the spin and
gyreseopis stability faster &t impast. The targed is
at the ssme clevation as the gun (ws Jovel) in
this ezample, but sny deired target clovation aan
he fod with the data.

D
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puter program presented below are:

., (Thrust — Drag _ ‘
AV (“mp..k.” ] 'uG)M_A
;‘9.-;‘7}"#"—9&
AX = (V o8 ©) At
AZ = (Vaa®) At
Averaging techniques are used t6 improve the ae-
curacy of the simulation.

4—4. DESK CONPUTER NETHOD FQR
TRAJECTORY CALCULATION
Reference s made io Table 4-2 for the format
of the desk compwtation. Note that the comditions,
O, and V,, appesr ia columns 2 snd $ in the firat
row. Starting with theee initial er.aditions, we now
procoed with the computation as & sllows:
8. Compute 'he remainioe ertries in first row.
b. Proceed to mext row: locate Cp oa the drag
eurve of the projectile ; ealeulats the drag, D,
sceelerstion, D/m, where m is the peojectile
mans in slugn. .
e. Compute:

a e, Den®
L Eem -

™~

A

4. Multiply the sheve derivatives, dV,/d! and
dV,/dt, by the currently shesea time interval.
The resnlts are AV, and AV, in the third rew.

e. Compute ¥V, and ¥, #t the end of the time
intorval (they appesr in the fourth row).
and uee average velocitios ever the first time
iaterval te xmpute Az and Az (third rew)
and the new 2 and ¢ (fourth row).. .

£ Compute the pew ¥ trem ¥V =/ VI L V3
determine © from © = tan ~' V,/V,; Sad oo
© and sia O; sad compiete the fourth row,
wiag p/p, = e2p {32 % 10-%} aad V, =
1116 —00042. .

8 Continue 28 sbove for remaining entries 80

ssmplote the table. ,

@
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" =S, METHOD OF CALCULATIEG

DIRECTIOX OF TANGENT TO
TRAJECTORY

It may be of interest to discuss the equation used
in the computer program: for the calculation of the
direction of the tangent to the trajectory at the
end of cach time interval. In & particle trajectory,
where Lift and magnus foree are neglected and
drsg is amumed to aet in line with the veloeity
veetor, the only foree ac-:5g to change the diree-
tioa of motion is the weight of the projectile.

Figue 4—1. Diogram of Grewily Ferce ea Prejechie

The inertial foroe, or eentrifugal fores, arising from
the eurvature of the trajectory, is given by mV3/R,
where m is the prejectile mams and R is the losal
redius of curvature of the trajectory. Thin s
balaneed (Figure ¢-1) by the compeneat of the
prejestile weight in the direction of the radins of
eurvature, mg oos 6, 00 we can write

L

But V/R is the time rate of changy of the direstion
of the radiva, and is therefore also the time rate of
charge of the direstion of the trajectery tangust,
since the tangent is slways acrmal % the redins
vortsr. Demoting the rate of change of direstion
by d8/48, ve have :

-V?_- - my os ©

or, 88 it appears in the ecmputer pregram,

M= -gembAyY

o e vt . s
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TABLE 4—1 - . L
TYPICAL OUTPUT OF roxmgc s::::x.z PARTICLE TRAJECTORY

SINCH SAMPLE PROJECTILE (SEE APPEEDIX I) .

:. svgrao agg‘ tkg;o ' h;;o"
'”0”1 *“sp1s’” st DYM TWIST

. . .0 koo 28.00 45,000
,‘81’38 ‘925 TEMP -DTE ¢oD2 CLP
- “ow ] 590 ‘Vo .39 G.W -.O'h
.C01185 1116.0 | .
TIME X DIST V CD CMADR MASS
CTHETA I THRUST URAG YAW MACH SPIN SG
. . . 1925.0 .331 3.59 1. 1,43
-.2% ORI 19?.& *000 {.n °°2 1,43
> 210, 4469, 1578.0 .362 3, .905 1343
z.?% 3:69.} ol 1438 .001 1 Zg 2261 2.1
5.85 sssz. 9110; 1265.9 .398 K1k 1820 1.43
10038 10713, 14166, 993:0 290 A.91 7hk 1.M3 ‘
72 16400, 20596; 786.3 .168 k.32 .676 1.3
‘7.7 'm’. L] ".3 .°'° ‘.7’ .‘h ®
‘92 22088, 26h12, 68k,8 .169 A.21 65h 1.b
zs'o?g ‘MSO o 8-3 00?2 ‘oa ..502 9.7
12 22361, 26686 682.h (169 420 654 143
12 27631, 32099, 686.1 .168 4.20 .677 1.A3
b2.12 32522; 37859, 762.2 168 4,28 745 1.A3
"'agg 9‘73.0 . "07 .m 07 .lﬁ 5073
212 37001, Mh371. 866.5 .176 A k2 866 1.3
ot S ) (A 1 B - B+ .
RANGE, % V,FPS TMETAD SPIN 96 C
ot M. V'e2s, o59.8 .303 2,19 ot

@ T
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' This relationship is aleo used in deriving the equa-

tion for p/V which is presented in parsgraph
5325 ‘

4—4. EFFECT OF PROJECTILE MASS ON
TRAJECTORY

Bince Cp, does not vary greatly with increasing
Jangth to cliameter ratio, a long, and therefore heavy
vound wiil experience a lower drag deceleration
thas a lighter round of the same ealiber and
general shape. This is the reason for the use of
suboaliber or “‘arrow’’ projectiles for antitank
ov antiaireraft fire, where & short time of flight
o & givex target is of great importance. The man-
wer in which the max of the round af ets the

" . veleeity, time of flight, range, and terminal velocity

P )

is shown in the trestment whieh follows.

4—4.1 Heriseatal Trajectecy

In this ease Cp is assumed to be 2 constant, and
the gravity curvature of the trajectory is sssumed
o be negligible.

V—g—

& & E" AT TV

fo f"-'-ur--‘-"s";c

Integrating gives
wve-S28,,c

4—6.11 Velecity

If we subatitute the inivial conditions, ¥ =V,
whea X, = 0, inte Bqustion &1:

C-hl’.
and

(¢

| I

whidnhmthinpomneeofamllc.uda
large mas if & high velocity is to be maintained as
X, the range, inereases. Replacing the “rontal area
S by (2/4)d* and m by W/g, we have

VeaViep| -2Co0p

“"[ W/ 3
The ratio W/d® is ealled **sectional density”’, and
in moat of the older publications is written as
m/d?, using m as a gymbol for weight.
4—6.12 Tims of Flight

The time of flight to a given range can
obtained by substituting dz/dt for V and
arranging Bquation 4-3

“n drenfigtee]

be
re

Integrating .
t= v [ ]+ c

and substituting intisl conditions, 2 = Qat ! = 0 .

gives

Com-im
ViaS
ort= pf;ggap[%"]“i ()

If T ia the time of flight to & given range X,
then

£ L-Fm{ e ),

where Vy = tarminal veloeity, or velesity at ¢ = X.

Bince T'=X/Veu, td Veoy > Vg, the quantity in
@mdwﬂimuﬂ&o

- | _C direct manner on prejestile weight. If it is desired
4 "“’[ f’] () to make the mam of the prejectile greater than the
]

&
-y PR, a8 PP g, i ot i .
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mams, Mue, of the standard projectile fired from
that gun, then V', will be less than the muzeic
velovity, Ve 0f the xtandard projectile. Thix ix
due 16 the necesity of keoping the muzzle momen-
tum, aml therefure the loud ou the recoil system,
at or below the eapacity of the uyntems. We can

~ write

“““llz’l.u

¥, = oV
]

and substituting this in the Equation 4-4 for time
of flight we get

4 2m? J CosS 1_ .1
‘_fﬂuva.aSlexp[hz 1}
or o7 _ X
.nda.ﬂ ‘Vf

-!.(_'-’_- _1)
»n V.., Ve,

Since the average veloeity is usually not much dif-

ferent from the terminal veloeity for the flat
trajectories of interest to the designer (and indeed
eannot be if the assumption of constant Cp is to be
be valid), we can conclude that increasing the
projectile weight in & momentum limited situation
will ususlly increase the time of flight. If the
projectile mass is leas than mue, then V, is limited
by chamber preaxire (a constant energy constraint,

MYV, = MgyV3ing) and OT/O m = 1/m (3T/3 — '

X/Vy). Here there is more likelihood of decreased
time of flight.

4—6.13 Terminal Velocity

Inereased projectile weight ean, however, im-.
prove the terminal veloeity. If we substitute V, =
Muq Vs in the veloeity equation, 4-2,

Downloaded from http://www.everyspec.com
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50 Vewmww decreases with increased projectile
weight for ranges which are shorter than 2m/

" (CppN), and increusen for longer ranges. For a
typical 20-mm projectile weighing 0.22 b, Cpp8 -

might be 04 X OEZTH X =/4 (0.066) =4.]
X 10 ® and the range beyoid which ineremied
projectile weight will give increased terminal ve-
loeity will be about 1000 meters. At thix range

- ¥/V, will be 6=, which makes the assumption of

constant Cp questionsble. The accuracy of the
estimate of the cross-over range could be improved
by performing the caleulstion in steps. Since pro-
jectile weight generally inereases faster than
frontal area with increasing diameter (m = kd®,
approximately), the cross-over range generslly in-
creases with projectile ealiber; for & 105-mm pro-
jeetile weighing 32 lba, 2m, (Cpe 8) would be about

m-mnonmmptmo(amtc.d '

0.40.

4—62 Curved Trajectery, Aadaireraft Fire
The analysis of antisireraft five is compliested

by the changing air density and the inability to

neglect gravity and trueetory curvature; it will
not be attempted here.

4—7. RFFECT OF DRAG ON TRAJECTORY

- 4=7.1 General

- The drag of a projectile has a direct effeet on
its range, time of flight, and wind sensitivity ; and
less directly affects both static and dynamic sta-

. bility. In order to obtsin long range, short time

of flight, snd minimum lateral deflection due to side
winds ; the drag of the projectile should be as mmail
as possible. Sometimes stabdility conside~ations will
Jead to the aceeptance of a high sero-yaw drag. A
reduction in yaw, obtained by improving stability
decreases the yaw drag and may improve aceursey
by decreasing serodynamie jump.

The material on drag which follows is conined

to the drag of & projectile flying in line with the

" tangeut to the trajectory of its ¢.g., i.e., at aero yaw.

The drag coefiicient st sero yaw, Cy, , ean in this
situation be eslled the azisl drag eceficient. The
hemhdrunthyn,udihnc&mt.c.

vthEMG‘M l‘ucvdl

behaved prejectile the initial yew demps repidly to -

&1
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a small value, o that by far the greater component
of Cp is Cp, . The minimization of Cp, is, theve-
fore, of primary importance in nearly all canex.

The designer must seek a projectile shape which
will have a small azial drag coefBicient, Cp,, and
yet hove sufficient internal volume to earry the re-
itived lethal charge. He must also avoid, as far as
pomible, surface irregulsritiex such as alots, de-
pressions or protrusions. The effcet of general
surface roughness varies with the velocity regime
of the projectile: this will be discussed later.

4—72 Axial Drag

‘l'heumdngumpwmybedmd«lmto
three ‘components: wave drag, frietion drag, and
base drag. The relative importanee of the various
ecomponents depends strikingly on the Maek num-
ber regime. For example, wave drag is absent in
subsonic flight. For this resson the designer will
choose different shapes for rounds which fiy pre-
dominantly in different regimes; however, many
artillery projectiles fly in a!l three regimes and a
trajectory esleniation of some sort must be made
if the optimum drag shape is to be found.

Wind tunnel testing with pressure surveys will
provide s division of Cp, into its components;
ballistic range testing gives only the overall value.
The designer is urged to refer to Hoerner, Pluid-
Dynemic Drag (Ref. 27) in all matters relating to
drag. .

473 Effect of Mack Nouber

The simplest way to discue drag is from the
point of view of a perssa observing a projectile
fixed in & wind tunmel, with air Sewing areund it
The mrepeed of the projectile is then cicarly the
velosity of the tunsel air far eneugh upstream of
the model not te be significantly sltered by the
pressuse of the model. The speed of sound, V,, in
the tummel air st the peint at which the air

. is messured then gives the Mack mumber, V/V,,

o8 which the test is being conducted. it poiats in
the meighborhood of the model the sir veloeity i
eltered in magnitude sad direction but the speed
of sound js assumed o be unchanged, 00 that (e
Iseal Mash sumber varies frem peint to po=t over

the mrface of the model in & way which depends
o its shape.

4—73.1 Subssnic Region, 0 < M < 08+

The aerodynamic coeffcients of a conventional
projectile are fairly constant when the projectile is

flying (or being tested in a wind tunnel) at Mach -

humbers less than some eritieal number, which is
usually in the vieinity of 0.8. This is the mode! or
“free stream”™ Mach number at ‘which the fow
over some part of the model reaches M= 1.0.

4732 Transsic Regien, 08~ <M < 1.1+

At a free streamm Mach number slightly above
the eritical value, the coeMeients such as ('y_ or
'p, begin to increase rapidly and the projeetile is
said to have passed from tise subsonic to t.he
transonie regime. -

| 4—733 Superseaic Region, 1= < M < 8

At some free stream Mach numbsr grester than
1.0 the wave gystem characteristic of compremive
flow is fully established, and the projeetils is said
to be in the supersonie reyime.

4—7.3.4 Hypersnic Rogien, M > §
- Above M5 the flight in termed hypersonic.
hnmnnubdulmdunryh'm

mmﬂhqpnmhﬂyuﬁm
speeda.

4—7.4 Rifsct of Reyselds Number en Drag
Coefiicient

Drag coeflicients are also inGeaced by Reynolds
nanber; geometrically similar projeetiles of dif-
ferent ealibers will bave slightly different Cop, m
Mach number enrves.

4—7.5 Subssais Drag

In the subscale renge (0N <CO0B8:) we
would like to have & rounded, but wut necessarily
pointed, nose and as small & base diameter as eaa

be yowiled im view of the many considerations

which a2::t projestile shape, such 08 required in-
fernal volume, wall strength, propulsive method,

3¢
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type of lﬂblhllt.s n, iuxing, ete. The effect of pro-

Jjeetile shape is discussed below.

4—75.1 Surface Roughness and Irregularities -
Surface roughnew corresponding to ordinary

_ industrial practice will have little effeet on the drug

coefficient. Surface irregularities, such aa alots,
shallow holey, and protuberances may increase the
drax very greatly, depending on their loeation anid
orientation. Fuzes are often poorly designed in

this respect and comsideration may be given to

covering them by a windshield.

4—7.52 Blust Neee

Blunting the nose of a projectile will, in the:

subsonic regime, have little effect on overall drag.
The important effect of blunting (short of a com-
pletely flat face) is to iower the eritical Mach num-
ber. Small flat faces, such as appear at the nose in

., many point-detonating fuzes, have little effect on

drag. The integral of the dynamic pressure forces

over a properly shaped head will be close to zern,

and the forebody drag will accordingly be close to
sero. The hase drag is thus the resuit of a pressure
deficiency over the base of the projeetile; the
existence of this sub-atatic (less than atmospheric)

pressure is evident in everyday life in the wake of -

trains and anxomobi_h

41353 Beettailing .

Reducing the dismeter of the base below that
of the cylindrieal body, ealled *“boattailing’’, is a
very effective way of reducing base drag in the
subsonic regime. Boattailing also reducea the Lift
coeflicient and changes the position of the center of
‘pressure of the normal foree, moving it forward.
This reduces the stability of the projeetile, placing
another limit on the amount ofbutmhn‘ﬁm.em
be tolerated.

‘!‘bemznt*o'hehthueubedouonaspm

stabilized projectile is limited by the necemity of

applying a rotating band, which most be supported
by a relatively thiek wall, and by the fact that the
projectilc walls aft of the rotating band are ovdi-
narily exposed to the full chamber pressure o that
they must also be thick. These eonsiderations Limit
the longth of the boattail and may ‘sleo limit the
amount of reduction in base ares. Use of a hollow

Downloaded from http://www.everyspec.com
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bouttail avoids these limitations, but sacrifices in-
ternal volume.

Use of a large bouttail angle (greater than about
16°), without a rounded transition from the

. eylindricai body, ean cause the air flow to separate

at the junction, uneeiling all of the drag reduction.

4—~15.4 Fin-Stabilized. on)o:tih

The zero-yaw drag of B is, of u)um related
to their shape and sise, but these are dictated
primarily by stability considerations. While it is
true that some fin profiles have less drag than a
simple flat plate, the extra cost of manufacturing
the double wedge or streamline profile fina mm be

' wexghed

4—17.6 Transenic Drag

4-7.&1 Spin-Stabilized Prejectile

The transition fram the subsonie to the super-
sonic drag regimes is clearly illustrated, for'a typi-
cal low-drag spin stabilized projeetile, in E. D.
Boyer, Aerodynamic Propertias of the 90-mm HE
M71 Shell (Ref. 79). The ogive of this projectile ex-
tends over about balf its length, the boattail is
baif a caliber long and the boattail angle is 7°.
Its submonic Cp, 3015 even though the rotating
hcnduenhufour cireumferential alots.

Shadowgraphs  at M=088 M=097 sd
M .= 1.05 show the initiation of the shork waves
at the points of abrupt chamge in diameter and
their growth to fully developed waves. ("5, risss
from 0.15 to 0.39 in this Mach number interval,
as can be seen from the drag curve in Appendix
VIHI-E. No shock wave appears over the nose of
the projectilc bhefore photograph at M = 1.05,
when & separated bow wave is presemt. 80 we can
say that for this projeeile the transomic regime
covers the Mach number range from appro.imately
0.88 to 1.05. Nota this is ounly ome example; the
numbers would be different for a - different pro-
jectile. The development of the shoek waves on

the body and fins of an arrew projestile ia shown

by the shadowgraphs in BRL Report 934 (Ref.
Thmm'pono!thmmdmmﬁe

transo. ic regime can be attributed to the presence

of the shock waves and is called “‘wave drag’.

The base drag peaks at about M = 1.0; the friction
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drag becomes relatively smali ax the total £, in- -

ereares.

4762 Fia-Stadilized Projectile

The drag of ty) ieal Gn.stabilized projectiles in
the tranwnie regime increswen in about the xame
way uy deneribed] above, an may be scen from the
drag curves presented in Appendixes VIILT
through VIII.Z. The designer should obtain aad
study a number of shsdowgraphs or schlieren
photographs of projectiles of varying shapes in

477 Superseaic Drag

4—7.7.1 Decrease of Cp, with Mach Number

After the shock wave system is fully developed,
whieh usually occurs at a free stream Maeh number
between 1.1 and 1.2, we £nd that Cp, decreases

- with ineressing Mach number.

In fact, we co0 use Q =/ ¢+ C,, i*
88 an interpolation formula: a typieal set of values
of the vonstants might be 6 = 1.8, =02, ¢ =2.7.

--772 !lntdlc.&l,oucl,.

The sise of C,, i-t&wmicmi-ede-
pends largely on the shape of the nose. By the
wm(uw)mhﬁn

Co, = (mu +-F) b

Mc.'hmu‘wmdm(nn

sad drag) eomponent of Cs,, ¢ is half of the conr
angle, in degrees, and N is Mach nDumber.

While by this formula the lowest drag shape
for the roee would be & cone, an ogival nose hav-

" ing » large ogival radius will bave slightly lower

drag (and aleo afford a greater warhead volume).
B. R Dickinson (Ref. 24) found from ballistic
range firings at N = 2.44 that the minimum drag
head shape of a ealiber 50 projectile (d = 00417
ft) was 2 seeant ogive having a radius twies that
of the tangent ogive of the same length and maxi-
mum diameter (ratios betwesn 1.7 and 25 were
asarly as goed ). »

The presence of & amall fist (or rounded) swr-
fase st the front of the nese, salled the méplat, has

410

ey

i e ez
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only a small effect on C,, , and indaed, if not too
Inrge, may reduce C,, alightly below that for a
pointd nose of the mame le.igth.

4—1.73 Effect of Beattalling oa Cy,

Hoattailing reduces the drag 2f supcrssnic pro-
Jectiles an long ae the airflow in able t¢ follow the
vontour of the body. For esch projectile shape
there is & critieal angle (generally about 8°) and
8 eritical boattail lengtk (about 1 ealiber at the
eritical angle, loager for amaller angles) beyond
which the flow will separate from the projeetile
forward of the bese, reuiting in a Cp, which is
greater than the minimum attainsble, and which
varies from round-to-round with consequent deg-
radation of aceursey. See Rafs. 25 and 26,

4—73 Dusl Flow .

As & general rule, we amsume that projectiles
having the same shape and c.;. loeation will bave
the same set of serodynamic coefficients whken fired
at the samc Mach number (and Reynolds number),
and that small differences in shape and surface
finish will produce only small differences in the
cvefficients. The f{sw outstanding exeeptions to
these rules are disenmed below,

4—7.28.1 Spike-Nesed Projectiles

It was found some time ago that replacing the
omnlbudofapropehkbyslhdnqhnder
protruding from the fiat forward face of the body
would move the e.p. of the normal foree rearward,
reducing Cu, ndrednangtbelpismnqmd
to stabilise a spin-stabilised round, or reducing the
length of the tail required on a fin-stabilized round.
ﬂmwmmmw&g&
eflicients than the projectiles with
ogival heads. Aleo, for some designa, projectiles
trom the same lot, fired under the same conditions,
exhibited drag coefficients which fell in one or the
otherdtvomnthbavmd&m
groups as muek as 30% apart.

Examinstion of spark photographs showed that
the low drag coeficients were amociated with
rounds on which the sirflow separated from the
spike at its tip, while on the high-drag rounds
theﬂo'up‘uuduamubonthl!mdon
the spike. This ph-.uoa was oalled ‘‘dual
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The pictures, taken in the ERL superscnie wind tunnel, show that the character of the fiow over s spike nose depeads en Mash
nuwber aad nose length. The fow separation is delayed. with ronsequent inefense in drag, on the three photographs at the

lower right hand corner(®). Thicker zpikes showed delsyed sepuration at shorter lengths (Ref. 33b).

Figure 4—2. Flow Potterns on Verying Length, Constont Coliber .33
Diameler Spike Nases of Supersonic Velocities
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How''; itx exintenee wax & function of the geometry
of the spike. In order to avoid the occurrence of

dual flow, with itx seriomx effect on accuracy,
madern wpike-nomed  routtdy are furnished with &
masll ring newc the tip of the now which m-um
the early meparution of the flow.

Figure 4.2 shows the effect of Mach number

‘and nose length on the flow pattern produced by a

spike-nosed projectile.

4—7.82 Undercut Prejectiles

Another example of dual flow was found in
ballistic range firings of projectiies having the
eentral part of the body deeply undercut; drag
and moment coefficients varied from round-to-round
by as much as 50%. The flow pattern, whether
high- or low-drag, was steble; i.e, once establisked,
it persisted throughout the observed flight of the
projectile. The pomsibility of dusl flow may some-
times be deteered by wind-tumsiel tests when bal-
listic range firings do not reveal its existenee.

4—743 Hemispherical or Sharply Comical Base
Prejoectiles .

The point of separation of the airflow from
the base of a projectile baving a hemispherieal
or sharply conical base will also vary from round-
to-round, but in a continuously distributed manner,
lothtthmhehamrumdamﬁedu ‘dual flow’".
Thhn-pmmmdhnthenllofthehue
to be thinner, so that more HE can be carried,
but extrs care must be taken to insure dymamic
stability (see Appendix VIII-H).

479 Drag Variatien with Yaw

The increase in drag when the attitude of the
projectile changes from zero yaw to a yawed posi-
tion is ealled by some writers “‘induced drag.”’
This term is borrowed from airplane terminology,
and is equivalent to **drag dve to lift.”’ For small
yaws, the axial drag is very nearly unchanged from
its zero-yaw value, and its component parallel to
the trajectory is aleo very little changed, since cos 8
=1 when 3==0. The normal force is inclined
rearward at an angle 3, s0 it has a component in the
drag direction whick is given by Cs_ ¢S when
3:==sin 3. The expresmion for the dm coeficient
then becomes

Com Cp. + C., [

412

However, the observed coefReient of variation of
drag with yaw squared, (', is uanally about
twice un lurge ax Cy, .

While the induced drug may be reduced sowe-
what by chuwing s bndy sha; e having « seall €2y,
dynamie stability may be impaired s that the net
effect on drag may be unfavorable.

The above observations apply to fine as well ax
to bodies. It will be seen that over-stabilizing »

- finned projectile by mesns of a large fin lift may
result in a Cp penalty as well as increased mussle
blast sensitivity. .

4—7.10 Murzle Blast

4—7.16.1 Yawing Velocity Due to Transverse
Vibration of Muzzle

Nearly all projectiles emerge from a gun with
essentially zero yaw. Even mortar projectiles,
which have large bore clearanee to facilitate drop
_firing, ean lie in the tube no more than 0.3° out of
line with the tube azis. The posibility exists
that transverse vibrations of the muzsle may mov.
the rear end of the projectile after the cg. hax
puuied the muxele; this action, as well as any over-
all motion of the gun tube, can impert yawing
velocity. to the projectile®, but no significant exit
yaw.

Equations for aerodynamie jump, /Jueh is one
of the two primary flight characteristics, will b~
presented later in this handbook. It is noted here
that jump is primarily a function of initial yawing
veloeity, and not of initial yaw.

4—7.102 Trassverse Premure Gradieats
Tum pressure gradients in the musxle
'blmmmp.nmnvmgvdwtymtbepm-
jectile if the eg. of the projectile does not eoineide
with the eenter of pressure of the transverse fores.
This effect is most prominent when firing with a
worn gun tube. These transverse pressure gradients
are probably relsted to the bore yaw of the pro-
jectile. Good obturation reduces the premsure dif-
ferences in the blast and shortens the effective blast
-zone, thus redueing initia]l yawing velocity, aero-
dynamie jump, and dispersion at the target. An
improvement in securacy of hot rounds over cold

‘bqudmNMdt&Md
gua motien, 900 Rt 3.
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rognds of the same projectiles ariscs chiefy from
their better fit 1 the tube, partly becauwe bore

yaw is reduced and partly beavee punnzion .
" improved.

47103 Fin-Stabilised Prejectiles in Reversed
Flow :

Pinatabilined projectiles are affected by the
muzzie blast s yet ancther way. For a short sime
alter smergener from the mussie the blast gases are
fewing forwanrd over the fin surfaces. resuiting in
s arge dewabilizing moment which can impert 2
significant vawing velocity even though the time
of action is short. It is of great importance that the

sevodynamic moment ceefficient of the fins in re-

veraed flow be kept as small as possible.

Many photographs of the wmuszie blast are
svailable in Sring test rcports of the Development
and Preol Serviees, Aberdeen Proving Greund.

Since the camera woumally takes thommads of
pictures per sreond, the emergenie of the pro-
jeetile from the smoke cloud can be sheerved, and
the time spest ia reversed flow estimated. The
deta frem the photegrepht can be correiated with
the dispersion of hits on the target; these correla-
tisan clearty show the importance of sbturation for

4==7.30.4 Obturation

Katcunion of the retating band material inte
the greoven of the riding is wmally comtidcred to
fornuh adequate ob.uration for apin-staly)ived
bave included spreial Mturating rings or dinres,
similer to the devins rommenly uwsed on fin-
sabiised rounds. theee feviers are deseribed in
peragraph 53 4.

4=1.11 Cremwind

4—1.15.2 Wisd Seasitivity

While for projrctile devigner canost do sny-
thing sbout the wind. be con de ssmething sbont
the srnsitivity of hin prejrctile ts the effeet of wind.
& stele prejoctile will nowr inte the wind, ie, the
oquilibriom ponitivn of the lsngitudingl asis of the
projeetile. negiecting yaw of respene and trim, will
b a line wich the rvenitant of prajeatile velovity

Downloaded from http://www.everyspec.com
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and wind velocity. The et drag foree (drag minus
rocket thruat) will theu have a component at right
anglex to the projectile velocity. In the ubsence
of rocket thruat, or i drag exceeds thrust, the pro-
Jectile will uequire a downwind lateral velocity and
displavement ; if thrust exveedx drag. the projectile
will move upwind.

4—7.11.2 Lateral Defloction

With ne rockst thrust, & constant erowwind, and
maiing the wial assumption that the projectile.
aligus iteelf with the resultant airs<tream ax soon
as it leaves the muzzle of the gun, we can write
a very simple expremion for the deflection of a
fla, trajectory by & cromwind (ser 1I. I°. Hitch-
cock, The Motion of = Very Stable Shell at Short
Renges, BRL Report 1047, April 1958, p. 19).

YuVo® -9

Y = lateral defiection at
impeet, ft

Vo == cromwind velgeity, fpa

T = time of flight, sse

X = range, ft -

Vo= mussie veloeity, fpw
The only variable in the shove expremion i the
time of flight. Nubstituting for T its equivaiont, an
v in paragraph 4-6.1.2, we have

et e [2e] - )]

From this equation we cas find thet the lateral de-
flection in mils deerennes with increased prejeetile
weight or mumle velority, and incresses with in-
ereerinCp.

Theer reistions furninh the demigner with addi-
tins! ressoma for wreking loe drag and high
srctional density (wnlems bin prejectile contains a
rechet meter, when the tradeofl situation becomen
more somplex). :

4113 Vales ot Cp » Nack Bunber

Curves of Co, vs Mach mumber for typical
srjeetive ore ohown ia Appendiam VIIILLA
through VIIIE The configurstion of the pre.
Jontile is shown o3 cuch page in order to rashis
the designer %0 intrepalate betwern shapes

+13/6M
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CHAPTER §

-'CHOICE OF METHOD OF
~ STABILIZATION

$—1. STABILITY

$—1.1 General

In erder to have a small induced drag. a prv-
Joctile must be mable, i v, the yvaw of the projectile
must damp to g small equilibrium sngie early in
its tlight.  If not statically stable mer gyromcopi-
raliy stable, the projertile will commener to tumbie
am mon as 1t eaves the muszis of the gun: if ot
dynamically stable. the vaw of the projectile will
grow continususly with time, s that the projectile
will tumbie or ge inte 3 fiat apin unle . the expected
time of Qight is very sbor?.

$—12 Static and Gyrescopic Stability

Statie stability is reisted to the pomition of
the renter of sremwure of the normal foree with
repeet to the e.g. of the projectile. If the ep.
aft of the c.g.. the projectile in ~tatically stabie, 1e.,
any you of the projretile produces s mement shout
the c.g which trnde 1o return the azin of the
projectile to the seve-yaw pomtion. If the ep. m
ahead of the eg.. the sermel foree proviuces am
overturniag mement teading (o incrvemns the yau.
Hovwever, if the prejpctile i winaing repudly
enongh sbout ia owr a3y, the yaw mil pet grow
raprdly but maimly change direction ; the preectile
s sid to be gyrescoperaily stable, even though
statically nastable. '

hare the ¢ p. of a ¢/hndrsl body of revels.
ton is wemsily aheod of Ma eentrord. & typeesl pro-
Joetile shope is vastoble nalem :

o Mam of the projretile i = concontrated o

the farverd tud o 0 wete e ¢ g shead

of the c.p. (this is rarely a practics! solu-
tion ;. o¢ '

b. Projectile s proxided with a flaring rear
end or with flat surfaces (fins) at the rear
of the body which move the c.p. rearward
of the c.g.. oF '

e. Projectile i made gyrowapically stable by
wpin.

$—1.3 Facters to be Considered in Choite of
Fia-Stabilizatien

S5--13.1 Appiamt

Fixed fins take no length without adding to
the pavioad volume of the .projectile. exrept 1a
the special case of an arrow, or sudcaliber, pro-
Jectile. Polding fam cither add to the length or
redure the velume, deponding on the dumiga
adopted. but in any eser add s the romplenity of
the projeetile. Since the uwselulnem of & pro-
jeetile of 5 given maximum dismmeter and over
oll longtk s redused when it payioad velume
in tvdueed. and, in general, spin-atabilind pre-
jectilen arr chenper than and an accurete a8 the
correapuanling fin-atabilised prejectile having equal
paylved. prepertibon are stabihionl by apin unlem
therr sre overriding rrassun to the contraey.

$=e132 For
Beme of the reassnn for chosning Bu-atabilise.
fion are:
a. A fnatabeiian! prejectile can be lorger i»
porpartion to itn diameter (havr o grester
farmen votin: thaa onr which in opine

2

et i e T Y -
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wabilized. If the logiii limitations on
length (storing, handliing. loading into the
gvn) are not exceeded. the fin-stabilized pro-
Jjectile may be long epough to Mave an icternal
volume greater than that of the currespoad-
ing spin-stadilized round.

b. The lethality or other terminal usefulnes
of the round may be imspaired by spin. An
example in this category ix the <haped charge
round.

c. The mimion of the projectile may require

" that it be firmd at high quadrant elevations.
Conventional spin-stabilised rovunis suffer
mevere degradaton i arvuracy when fired
at quadrant elevatioms grester than about
63°; finstabilized rounds do na.

d. The intrrual strueture of the projectile may

© e sach that the round becomes dynamicaliy
unstable when spun, ar even such that .t can-
net he spun rapidiy ermough for gyromcopic
stability by the guss available.

2. The projetilc may be designet 10 be fired

" frem a smooth-bere gum.

f. Pin-stabilised projectiles ez he fired from
a rified gyr without picking up encugh spin
1o lose sccursey. Thim i doae by the use of
an obtutstor which engages the rifling but
aline on the prejectile.

$—2. SPIN-STABILIZED PROJECTILES

The firt requirement wr ploce on 2 projretile
s that it be stablr. 't must be tatirnlly or gyre-
wopically stabie; it et alne be dynasirsily stable
wnine s rxpreted trajectors i very short. The
stabality of spuntabiliaed pregertiles in treeted in
the parepraphs whiek follow.

2.1 Gyrescopic Suabidiry
$—2.1.1 Gyrescepic Sability Vacter
The gyrosrepic mabilty of & spn-tabilised

projetile can be atvruard V3 romputing 5. the
gyrearepic stobility facter.

1, = axial moment of incrtia, slug-ft*
I, = transverse moneeut of inertia,
. slug-ft®
P = axial angular velocity, rad fure
» = wtatic moment factor. 1b-ft/radian

i the amumption thut the static moment varis
linearly with yaw, the exprewdon for the statie
.moment per radian of yaw is

= 5!’ VCu,

» = air density, slug/ft?
d == mazimuw body diameter, fi
V = airspeed, {t /e .
Cu, = static moment rucflicient,
pee radian

Clonre atteution munt be pail to the uuits waed in
thenr expremion, ax wome of them are not the units
customarily employed in repocting meassrements
of the inltlu-'

HUWQVMMO'MW

M 0<5 <1 the projrctile is unstable and
will “‘tumble’’ within & few bhundred feet of the
Fus. '

If s, in greater than one. the projectile » gyro-
ncopically stable, and we thea investigate its
dynamic stability, as described later. Simee o, in
mversely prepertional %o the demsity of the air,
prejectiles which are stable at standard atmen-
pherie conditions may be sastable when fired uader
arctie or other nenstandard renditionn of tempers-
ture and presare. Pembile environments must be
1shen inte scosunt in computing & . this fart,
voupled with the uareriaintics in the other fastors
rutering into s, han led some denigners to art 1.3 aa
a lower limit on 3, in the preliminary design stage,
wuing standard sir deneity in the esmputation.

Nate that at the mussie we can write

«-al)

bt p/V 2= Bu/nd, where n » the twint of the rifling
ot the mumle, 1n calivern por tarn. [lence the
wmitiel stability of the preojertile deprads on the
rifiag twist and only indireetly on muasle velneity.
11 thin were aot . aned five. i, finag with re. -

M(’.:m

&
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durnl propelling esarge, woukl be impractica). The

indirvet inflwence of muzzle vriurity ariws from the

dependenee of (', on Mach number: thix de-

" pendence can exine instability at nducsd muzle
veloeition.

Conventional pru;«-nla bune airspeed much
more rapidly than they ke spin. The value of s,
thus pearly alwayx incressex as the projectile fliex
Gown range. :

- The stability fm»u of projectiles fired at high
quadrant elevations can. unlew projectile velocity
s maintained by roeckev thrust. reseh quite larpe
valuen at the summit of the trajectory, owirg to
deereanes in both velwity and air demaity. Thew
larye values are ot detrimental in themselves, but
the rosulitinns which produce them alew bring about
larpr inreenaes in the ngmhbnu- yaw of the pro-
Jetile.

| $~22 Yawef Repese

" $=22.1 Genmersl .

The gravity eurvature of the trajretory gives
rive to an angle of yaw large enough to creste &
‘prevemion raie whieh will permit the axis of the
projectile to follow tae tangent to the trajectory.
Thin e0ilibrium requirement causes the projeetile
to poaat te the right of its flight path (right-hand
yaw of repose) when the spin of the projectile is
elorkwine as viewed from the resr, which is the cose
with ararly all U'nited States artillery ammunition.
The lift foree ameristed with this angle conarm o
drift te the right, and an ratimate of the magnitade
of thin drift in given in the firing tables for the

projectile. The devigner i inlereted in heeping
thdm-nl-d-mfnfmmdh
rotind, a8 poasible.

The yaw of tepose = propertions! to p/V2,
If it becomes large, the peojeetile may become
dynunmyu-u&vul nnmqh-nnm
and sccwrsey. -

!-z.z.zru-hhnga'ulmn

Aa spprozimete rxpression for the woval right-
hand yaw of repose is

. -%(x + .E:!-;‘-)

e e datl 8 e e i M nis T ol o

AMCP 708242

Thin equation shows that at the mmmit of & high
augle trajectory, where eow =1 amd 5 in eon-

siderubly lews than its aes level value, if V is emall -

the yaw may be very large; it may eveu shift over
to the left-band equilibrium angie with disastrons
reaults for the trujectory predietion. See Ref. 68,
P 392

$-223 Trailing
An analysis of the first (and most signifirant)

term of the exprewmion for yaw of repose may <hed

I.Emﬁ

b= jsaca

+....
same light o the merhanbm by which a spinning
projectile *traib’ ax it moves slong its trujectory.
Rearranging the sbove mjustion gives

POTRSYRLL

On the left side of the equation we have the statie
aserodynamic moment, an the right side we have
the axisl angular momentum, I,p, multiplied by
the rate of ehange of direction of the tangent io the
trajeciory, g con /7 (see paragraph 45). The

product is 8 rate of ciange of anguler momentam,

camed by the serodymamic moment; cenversely,
the serodymamic moment arining frem the yaw of
repose is jest suficient to change the aangular
momentum of the perojectile st the rete required
for the axin of the preojoctile to remain (angant to
the trajsetory (in the vertical plane the yaw is in
a plane sermal to the trajoctory plane and the
static mement in at right anglen to the retation, or
‘peeosmion’, of the prejectile axin, which is the
well knaws gyromepic hebavier). -

$—224 Prejuectils Asymmetrine
Asymmetries of o prejestile, avising frem the

' monufasturing precems, will add (veetorially) o

small constant yaw te the yaw of repene, inerensing
the ponibility of treuble st the summit. Asymmetry
alse intreduees 8 forving funttion which can joad
%0 ressnanee; the rvaniting yaw ean be large for
fin-atabiliord prejectilen, snd thr subjest will b
disvvased fusther in pasagroph 5-3.

® e e - o pn
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§-2.2.5 Methed of Computation of Projectile Spin

The gyroacopic stability factor is caleniated at
the muzsle snd is often calenlated st the summit
of high angle trajectories as an index of summital
behavior. It is recommended that the designer com-
pwmnwdmntthmntdmh
trajectories. and eompute the oability factor at
the mussle and at impaet. If his computer pro-
gram does not include a running caleulation of spin
rate, be must estimate ss wel! as he can what the
apin rate of the projectile will be at summit and
impert, using the npmm (in the abaenee of
rmeket thrust)

rEt o e oo
¥/ )

where the sabuript o refers to conditions at the
beginning of the interval over which the change in
p/¥ = being computed, 7 v distance measured

along the trajectory. and k. = md*/1,. This ex- .

pressicn assumes that p,C,, and C, are constasts,
whieh is mot likely. Average values of these
parsmeters must be umed, and it will be seen that
the spproximation for p/V may be poor. Designers
of spin-statilised prejestiles have been willing to
o be atable ot impac: and te aceept whatever limi-
tatise on quadrast elevation was found to be
seesmery ia test firings of the reund.

While 7, in negative, €, in wsually of sufernt
wuup/rm-mmmw
risss t¢ the summit. On the demeendling limb the
casine of the trajectory smgle is decressing, and
/Y will decreese, ginee obriously V' is inevessing
while 9, in the sbarner of some spin-producing
movhepiom such a8 8 canted fin, continues te de-
erense.

Shown ia Teble 5-1 snd Table 32 sre mample
trajoctories for o typisal S-ined projeetile, with
initial sonditions differing enly in quadrast eleva.
tien. The trajeetery with QE. =2° offers aa
epportunity for a simple cheek on the (p/V)/
(P/V)s myuation provenied shove. U'sing sverege
valuse of o and Cp, wo have, tnv!'uh’m

A a e A o T e

l"lv

A Yt o0 M el e " it

»  cos( ~ 3.9% {.001186) (0.1355)
\)’ “cos 3° "‘"{ 135

(

v‘l"

(689 ( — .014) +oms)mo‘

E__}
e =1.325
The trajectory caleulation gives »/5, = .'295/.,2244
= 1.32, so the approximate formula ix very good

" for flat fire.

For the trajectory with Q.E. = 70°, tbe rough
wstimatex of p and 'y obtained by taking simple
means valuex would be NO0RY for » nml .Jﬁ-o for
"

»  cos( = T18% _ §(.00088) (0.1355)
PR~ [ 145
(689 ( - 014) + 0.285) suoo}

2113 -w
-nz;* =14 :
The trajectory calculation gives »/», = 289,224
= 1.29, 30 the approximation is emiy fasir.' The
use of values of Cp weighted by the are distance
traversed, in ecslculsting the meams, would make
:he approximation for »/», very good.

The high angle trajectory is presented prinei-
pally to show the magnitude reached by the yaw
of repose at the summit. The actual yaw might be
much greater because dymamie instability, owing
to nonlinearity of the aerodynamic cosflcients, is
likely to cezur at yaws of this magunitude.

$—s.} Zemning

Conventional projectilen attain their mazimum
renge when fired at & quadrant elevation of about
43°. JPor rocket-amisted projectiles the Q.E. for
maximum range is greater than 48°, running up o
00° or 70° when wming & lomg-durniag rockst wit®
a bigh ratio of fuel weight to tetal projecti
weight. Eanges shorter than the mazimum may be
obtained by changing the Q.B., veducing the effec.
tive rocket thrust, or reducing the mussie velceity.
Reduction of the mrasie velecily in o sories of steps,
by reducing the eharge of gua prepellant, is salled
“soning’’; eoch level of mussie velosity is called
a''sone’’, and varistions of renge within esgh some
ore obtained by varyiag the quadrent slevation.

A projestile whene range is ssntreiled by musale

76
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veloeity variation musxt be stable over & wide range
of Mach namberx, which will almast certainly in-
clude transonic speeds at xea level air denitien
Siser 'y, wmuslly peaks in the trausmtie regiow
and the gyrowropie stability factor in invernely pro-
portional to €'y , stability may br at a minimum
i the tranmonie regime. If £, 35ia are not avail-
able for the {ull range of speedn, eutimates may be
made by use of the shapes of the "y, vs Mach
number curves of projectiles similar to the one in
question. Use of an estimated Cy, requires a
greater margia of safety on the grroscopie atability
factor to insure that it does not become less than
unity. However, if trajectory eslculations show
that the projectile will spend only a short time in
the transonie regime, it may be posibie to aceept
& eertain amount of instability for that short time.
The gyromcopic stability factor of & esmven-
tional spinstabilised projectile uvswally has its
amaliest value at the mussle. Rocket-assisted pro-
joctiles, om the other hand, are more likely to be-
come gyroscopically umstable om the desecending
limb of the trajectory, mear impect. This ineta-
bility can be avoided by :
s. Distributing the mass of the projectile 2o
that its c.g. is forward of the usual loeation in
8 projectile of the given serodynamic shape.
.. Incressing the rifting twist of the gun.
¢. Canting the rerhet nessies, or providing in-
fternal mesnn of retating the jet from » single
semle.

$—24 Dynamic Swhility of Spin-Stabiiised
Projectiies

$~24.1 Magnitude of Moedal Vecters
The yaw of & cymmetrie projectile acted oa by

_ 8 linear forvs and mement system is given by

‘-‘l"h‘l‘+‘q’lh¢*-‘

K, = initia} magnitade of
setatiss verter

Ky, = initiel magnitade of pee-
oomisn vester

A = sutatier demping expencat,
por

®

AMCP 706-942

Jde = preeemion damping ex-
ponent, per valiber

s .= trave] of prujectile, ealibery

¢, = phase angles of the model
veetors (j =12) ‘

& - equilibrium yaw

We are concerned here with the magnitudes and
signx of ); and ;. Tt will be seen that the magni-
tude of a modal vector will ineresne if its amociated
X is positive; the larger the value of ) the more
rapid is the increase in the magnitude of the vaetor.
The term % ia, of course, zimply & sinusoidal

oscillation between +1 and —J, and between 44

and —i. If peither of the two modal vectons, X;
or Ky, grows in magnitude as the projectile fliss
down range, the projeetile is aaid to be dynamically
stable. For dynamic stability, therefore, hoth Az
and s must be equal to, or less than sero.

From Ref. 122 we have

1._--1/2[11- 2T - H ]

vi=1/s

and ) differs only in baving 8 4 sign between the
two terms inside the brackets.

Hat[C0 - Com bt (Cuy+ 6--.)]

r-5Cu+ & Cuse |

8o, since &, is & fusction of Cy, and (indireetly)
of C;, we soe that sll of the major serodynaxie
coeflicisnts enter iate the determination of th
damping expenents.

$—242 Dysamic Subility Facter, 8y

Murphy (Ref. 123) recommends that instesd
of simply requiriag that the A, be nonpositive, we
should set an upper limit en the grester of the two
which must not be execeded if the projectile is to
fulfll its mission. This limit, represented by an
sasubecripted ), may be greater than serv be-
esuse some growth of imitial yaw may be tolerdble,
eapecially in short flighta.

$=342.5 Stabllity for ) o0 )
Marphy then intredusrs the . wabllity
foster, &, whare
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"and by use of the expremion for Ae, With the

mmnuzhul_.‘ludﬂ+2l>o ‘arrives
at the identity

 §
:- e B 84)
‘ Mncth-expn—on-ammmﬁ l/t,lnd
%« a8 coordinates, we get
Stability dnnams are for
A=0
lllSTlBLE
1
.- ]'mP
g
STABLE
G ’d 2.0

Figare 5—1. Abbrevisied Groph of 1/5, vs &y

Conditions as to stakility are s funetion of the
loeation of the point determined by the imter.
mention of 1/, with g4 (Figure 5-2), namely: -
8. Intersection liea below curve: Projectile i
gyroscopically atable and may be dynami.
sally stable, with Ay, < A

b Interaectior: liss e the curve: d, =)

e. Interasction lies above curve: Prejectile s
dynamically unstable with 3. > ) and may
be gyroncopically umstable.

$—2422. Stabitity fer A = ¢ .
In pructice, A is often set equal to sere. Then
the expremion for the dynamic stability factor is®
.‘._21' ACs, + £,*Cy

F"C, ~C -1 Cu,+Cu)

‘l\im in Pigure 5-1 is now the locus of points
wheee ) = 0. If the interssction of 1/s, with 3
Hes above the curve, we can esleniste Moo by
messuring As,, the change in & required to reash

‘l—uhnuic.+t.‘e.' 9 e Gensminater;
m&—bm.n-—d-.&.

Bl e e e e b (i s - on'a

\

the eurve, moving horizontally, and using the
{ollowing relation :

H/2
T‘T‘M 'hn <l
(Remember that' H eontaina ths factor ps,, 2m.)
Note that H > 0 in one of the constrzints on s,
20 the Age; computed by the sbove expression is
pusitive, and one of the yaw veetors is undamped ;
we can estimate the growth of this vector from
€XP [Agurs) Where s is travel in calibers. Similerly,

lau =

when the intersection lies below the eurve, use of

the above expremion for Ao, will result in a
negative valoe with which the rate 22 Gecrease of

- yaw ean be computed.

Returning to the expresion for 3, nmm

Ci, is slways positive and usually much greater '

than Cp. The denuminator of 3¢, is nearly always
positive. If it is not, we shonld net eompute &, .
The numerstor contgira the magnus moraent ¢o-

eficient, Cy,. which it usually positive for spin. - -

stabilised projectiles at supersomic speeds, but
often megative at transonic and subsonie speeds.

© %, i wmally positive, and indeed the values of the

coeflicients and radii of gyration (in ealibers) are
swch that s, Dpearly always lies between 0 and 2;
i 24, is outside these limita, the prejoctile cannot
be stabilised by spin.

- In BRL Report 853 (Ref. 48), Murphy dis-
cumes the influence of mam distribntion on the

o ic stability of staticall table projectiles.

He notes that at supersonic velocitios many bodies
of revolution canaot be stadilined by spin if the e g.
in more than two calibers aft of the centroid. The
rventroid in, of course, the point st which the ¢.g.
would be located if the projectile were of uniform
M;i&hm&mﬂmnﬁddﬂs
xilhouette of the projectile. In any case, there is an
optimem ¢.g. location which minimises the spin
rate required for stability, and this optimum loce-
tion in wsually near, and aft of, the een’roid.
The compiets graph of 1/s, m &, 'aken from

. Red. 123, appears as Pigure 5-2. -

Unfortunately Cy , is semaitive 7o chm in

-yaw angle. We cannot pressrve lisearity in the

magnus mement by restricting ) ts loss thea 10°
as we have amamed that we ol for some other

aeredynamie sosflivients. A larg: C;, ond b, will

&
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\ TABLE S--1 '
v ‘ SAMPLE TRAJECTORY FOR S;lN-STAg.ILIZED SINCH PROJECTIILE
A —

(SEX Agpx'fmx 1

FFD FFM_ TYPE QaGA RGT  O,FT
1,050 1.2  5.560 .3011.030 hiso

w16 v SPIS  SBT OTM TVIST g:

86,02 1925, . .0 500 23.00 3.000

WIB 200 TEMP. DTL OTE COD2 CLP

"6.08 . 59. ‘&oo 03” sow -QO'h

.001189 1116.0 : '
e . X DIST V D CMADR MASS

- THETA i 4 THRUST DRAG YA MACH SPIN SG
.00 . . 1925.0 .331 3.93 1.000 1.43
.05 . . 19706 000 172 .22k 1.3
% 1694, 1695, 1804.5 .32 4.01  ,997 1.h3
..c':g Is. . 178.5 .000 1.61 .234 1.46
1.0h 1937, 1530, 1787.5 .3&4 &.02 .997 1.k

. ",’3 31. - 176.3 000 1.60 .236 mg

0.76 3186, 3158. 1704.1 .351 4.07 932 1.43
.g,z‘ 118, . 163.7 (200 1.52 266 157

2,94 5125, 5127. 1575.8 .364 A.16 .995 1.43
-.gg 137. . ka6 001 1M1 (255 .72
5.09 6867. 6870. 1465.8 .377 4.23 .996 1.43
-.c':; 13, . 129.8 .001 3.31 .273 1.88
5.15 8375, 8379. 1375.5 .388 4.38 .998 1.43
"02 sso P "7.9 ow' '023 Py 6 ‘099

TIME,S RANGE.M V.FPS THETA.D SPIN SG

s.85 2838, 1316, -3.% L2985 2,08

-
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TABLE 52 :
SAMPLE TRAJECTORY POR‘SPlliS‘I‘A.’Bol.LIZED SINCE PRO]ICTXLI
(SEE APPENDIX I)
TYPE RGA RGT. O,FT
|.oso 1. zso s sz.o .381 1.0 .biso
vo PIS SBT ODYM T/IST QF
hs oa 1925, .0 .800 2£.00 70.000
WYB 70 YEMP OTL OTE COD2 CLP
“008 N . 590 8.0 0350 6.00 -.0‘5
.001185 1116.0 |
TIME X DIST V €D CMADR MASS

THETA 'z THRUST DRAG  YAW MACH SPIN SG

00 . . 1525.0 .331 3.93 1.000 1.
1.22 : . 197.4 .000 1.72 .22b4 1.
§.62 3140, 8749, 1260.0 .397 k.53 .770 1.
1.1; 166. . 78.2 .002 1.16 .313 3.
15.86  7h20. 18531, 739.1 .168 4.69 .581 1.
'oq“g ‘695‘. ° 806 00‘3 070 L] 96 90
31.25 13964, 26588. 360.% .304 &4.21 .&87 1.43
27 22065, . T 3.0 151 .35 .971 48.95
45 IN159, 27696, 336.7 . 5,18 585 1.43
'”-.% nd. ﬂ %. 3.3 .'gz .32 '0033 .°7
M.85 17496, 31575, h50.3 .196 K.33  .513 1.43
-.g‘t) zosﬁ. . 3.2 .069 .is - 757 27.51
60.85 22170. &1728. 819.9 .168 4.79 .683 1.43
-‘o'gg ‘,8980 . ‘2-z 0007 076 03” "095
65.65 23443, H5896, 911.0 .220 K.97 . 1.4
-'ng 793'0 .. 22.8 om oez 0;‘7‘3 30';
ols
70.45 28617. SOhI6. 966.5 .253 5.06 .892 1.M3
4'!035 35620 ) 3309 0003 087 o’°7 2.23

TIME,S RAMGE,M V,FPS THETA.D SPIN SG
7820 7788, ‘988, -77.8 .289 1.82
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- reduee the effect of changes in ('y . and a small

and pearly conmiant yaw angle will reduce the size
of the ehange in magnus moment. We see im-
mediately the value of good obturation in keeping
the initial yaw small, and the value of high pro-
joctile velocity in keeping the equilibrium yaw
small : ,

5243 rmmawuw
Vecters and Stability

The following paragraph is taken from Murphy
(Ref. 122):

The requirement that the esponential ¢o-
efSrients be negative throughout the flight is much
stroager than necessary in a number of applics
tions. This can be seen by the following example.
Consider the case of a specific projectile whose ex-

tial coefficients are strongly negative for

. ponen
M <20 exeept for the Masch number interval

(0.9, 1.1) where both exponenta are positive. BEa-
aet numerieal in sbowed that an initial
maximum angle of attack of four degrees for the
launch Mach number of cwo will decay to a tenth
of a degree before the Mash number decresses to
11. The dynamic instability associated with the
transonie velocities then will esuse the maximum
Momvto;ppmntdymdqmmdthn
deernn s second time when subsosie stability is

S8 Ascodynamic Jump ¢f Spin-Stabilinnd
Prejectiles

$-24.1 Genesal
prthtmby.mrenkalmhmth
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. wind effect ia amsumed to bs th: same

AMCP 706-:42

imparted to the projectile by the gun is negligible,
and consider how the designer may reduce the re-
maining source of inaccrracy, acrodynamie jump.

5—252 Asredymamic Jump Defned
In the abeence of wind, gravity, and drift, an

" svarage line drawn through ths swerving path of

the projeetile, such that the projectile spends equal
tiines on each side (or all sides) of the line, can be
visuslised as s straight line which interseets the
mussle of the gun. At the muszle this mean tru-
joctory line will make an angle with the line de-
fining the direction of the bore of the gun; this
angle in ealled the *serodyanmie jump.'’

Nots that the plsne of the serodynamic jump
angie can lie in any orientation; jump ean be up,
down or sidewise. At a vertical target the effect of
jump appecrs a8 a deviation from the theoretical
point of impact, which is computed from the bore
sight line, corrected for drift and gravity drop.
(In fiat fring wind eorrections are seldom made;
rounds are fired as rapidly aa is practical, and

for

EF

rounds).

$—253 Maguitude of Asredymamic Jump
The asrodynamic jump of & symmetris pro-

jectile, in radians, is given (16 & toss approtime .

tien) by

C .
e—“‘p'(ﬂlo-ﬂ%w
where V,=

messured st
L the end of the
bisat sone

i.--mmc'-lodv.
P = spin rate,
§ =nv, ndiams

and the imaginary multiplier, {, shows that the -
tribution of initial yaw to jump is ot right angles
to the direstion of the yaw. Asymmetry of the
projestile adds sncther term 19 the expremien for
6,, 8 term whieh depends on the sise and initial
erimtation of, the saymmetry; e Muxphy, Com-
monts o0 Projesiile Jump, Rel. 91. It in impertant

2 s harnte s v d b
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\ N that projectile mmetmbekeptumlluu
. economically feasible.

2, is usually 8o small that the .eeond term in the

jump equetion i sbout sn order of mnuu«h ;

. smaller than the first. lowever, if the bore elenr-
atew i uniually large, or if there in a sirong erom
wind st the gun, the yuw may be large and the
weond term eannot b negleeted.

3, varies from round to round. Good obtura- . '
tion will reduce its magnitude.and the magnitude

of the variation. For 3 low drag projectile,
Cx, /C., is approximately equnl to the distance, in
calibers, between the cg. of the projeectile and th-.
e.p. of the normal force. Incresaing this distance
will reduce 8, for a given 3, but the design changes

which incresss the e.p.c.g. separstion, such as an

ineresse in the length of the projectile, often also
inerease k. Boatteiling will decrease C; and
inerease Cy, , increating the ep.-eg. separation
without much change in k. Sinee drag is also
decreased, boattailing has a very beneficial effect
on performance unlens the stability of the design
is impaired ; this must be checked (see paragraph
$24). This discumion of aerodynamic jump
applies only to dynamiceily stable projectiles.

\ $—-25.4 Orientation of Aercdynimic Jump

‘l‘hoormdtheundyumeJmpngle
.homh-mndtomund.ml.-.
veetor. mmaa.mma.m
of the gas flow in the mussle blast, which in turn
depends on the borw yaw of the projectile. Since
projeetiles loaded in the gun in the same manner
pahbbrﬂo&ohnbof&enmumﬁem
munner (se¢ Ref. 56), the orientation of the blast
¢ pressure fleld, and therefore’ of l.. is probebly
L binsed in one pr.rticular direction. Hence the distri-
‘ ' bution of jump orientation angles, when a group
dmndlnlnd,upmb‘blylhuplypnhdm

one quadrant.

-~

5-2.9.5 Distribution ¢f Asredynamis Jump
‘ The distribution of impact points on the target
! is really & cireulsr (or elliptieal) distribution about
the theeretical point of impacet of all the rounds,
ssmming »o change in gun direction. The bise

. Downloaded from http{//WWW.everyspec.com
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described in the preeeding paragraph produces 3
hit pattern which appears to be a rectangular dis-
tribution about a mean point of impact which is
the **centes of gravity'® of the pattern. Artillery
turgets are always anzlysed as though this were
the true situstion, sinee the cemter of . impact and
the vertiesl and horizontal probable errom are very
essy to compute from the coordinates of the hits.
The location of the theoretieal point of impact is
very difficult io obtain from the coordinates of the

" hits and cannot be eomputed from the boresight line

with any eertainty, which makes the derivation

. .of the true O, distribution impractical.

The sbove discussion is presented because of

" its implications for design descisions based on the
results of firing tests. Sinee the P.E.y and P.Ey

method commonly used is theoretieally inappro-
priate, design changes should not be based on small
semples, ie., groups of fewer than 15 rounds.
Furthermore, since most desiyn changes are aimed
at reducing only the magmitude of 8, and not at
reducing its directional dispersion, the statistically

indefensible procedure of eliminating ‘‘ maverick’*

rounds from the error ealculations may be justified
by the cont:ntion that their points of impact on
the target were the result of unusual orientations

of the jump angle, not large changes in its magni-

tude.

$—2.56 Relatisnskip Between Aeredynamic JQ-;
and QX

In fiting for range, the importanee of the verti- .

cal component of O, depends on the quadrant
elevation of the gun. Differentiating the expremion
!orru.enavmmuappmnmmd

the effoct of changes in angle of departure on range.

"_ X--v':—-'nﬁ

| S
-! .‘_m a.

When @, = 45°, the change in range is negligible.

At 6, = 15° the changs in range, in mils, is «Yout

1
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3.5 Limes as great as the change in departure angle
(in milliradians) due to aerodynamic jump, so at
low quadrant.elevations jump is an important
factor in range accuracy. ‘

$--2.5.6.2 Herirontal Csmpuinesnt

The horisontal component of 8, produces a

horisonta! deviation at the point of fall of the
projectile, which is proportional to the are length
of the actual trajectory. Since the deflection dis-
permoa of rounds fired for range is usually re-
ported in mils based on the mean range, the effect
of » given horisontal jump is multiplied by the
ratio of the are length of the trajectory to its
horisontal projection. Again we can estimate this
ratio from the vacuum condition, giving

¥ -il=errme, = (=56

and at 8, = 45°, :4‘_;5 =115, while at 8, = 15°,

4_}5 =101. Hence, this factor can be significant
muhmnnngdmuonl’.k lfmurodym

jump, when 8, > 40°.

$—3. FIN-STABILIZED PROJECTILES

$-3.1 Gemeral

The inconvenient fact that the center of pressure
of the serodynamic forces on a projectile body is

almost invariably forward of the cg. of the body

can be eounterscted by placing lifting surfaces
{fins) rearward of the c.g. If, when the projectile
is yawed, the moment produced by the lift forees
on the fins is greater than that produeed by the
foress on the body, the net woment will oppose the
yaw and the projectile will be statically stable.
In symbolie notaziosi, we have

c.. - C'.. + c'.,

Cu, = Cu,, (Xc.r.y —Xc.a) +

Cryp (Xo.r.y — Xec.0)

CP.-CG. = g'i'-

518
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where the subscript B refers to the body and the
subseript T refers to the tail. Unsubseripted
quantities apply to the whole projectile. The X's
are distances in calibers, measured from the base
of the whole projectile, which is usually the base
of the tail. The tail comprises all of the fins and
the (usually) eylindrical boom on which they are
mounted. Arrow or subealiber projectiles have the
fins mounted directly on the body, 30 the base of
body, base of tail, and base of whole projectile
may coincide. Folding fins may require an arbi-
trary definition of their base loeation, depending
on the design.

5--32 C.P.-C.G. Separation

It will be noticed in the above equations that
Ic,,,, —Xc.q. is negative, and Cyx, will be negative
if the projeetile is statically stable. C.P.-C.G. is
then also negative, but this quantity is often re-
ferred to aimply as ‘‘e.p.-c.g. separation,’’ in cali-
bers, and ireated as though it were unsigned.

The optimum magnitude of the c.p.-c.g. separa-

" tion is not well defined. For minimum sensitivity

to mussle blast the wil moment coeffieient,
0'. (Xo.r., —Xecso.)

should be small; to minimizz the yaw angle
due to projectile asymmetries, the total static
moment coefficient, Cy,, should be large. The
writer believes that the design value of the
e.p.c.g. separation should be far enough above 0.5
caliber that inaocuracies in estizmation of Cy, and
C,, , including the effects of manufaciuring varis-
bility, will not reduce the c.p.e.g. separstion of
any round bzlow 0.5 ealiber. On the other hand,
e.p.-e.g. separations greater than one caliber have
been found to be accompanisd by ineressed disper-
sion at the target.

. 5—33 Fia Type

The choice of fin type is obviously a trade-off
prodlem, involving the utilities of projectile volume,
range, securacy and cost. Estsblishing trade-off
curves for cach design, determining optimum points
for each design, and them comparing the optima
would be a long prosess. It is doubtful that the
choiee will ever be made explicitly in this way, but
the intnitive marrowing of choices must follow
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thews lines: A brief discussion of the types of fins
follows.

" §—33.1 Fixed Fins

Fixed fias of one caliber span are easy to make,
and easy to make uniformly; this promotes ac-
euracy. However, ¢pace m required between the
leading edge of the £ns and the locktion of the
full body diameter in order to reduce fin-body
interference and allow the fins to develop their
expected lift. This redi:ses the projectile volume-to-
length ratio. If low drag is important, the long

boaitail required further reduces the useful pro-

‘jectile volume.

$—-3.32 Felding Fins

Poldm‘ fins which are bunched behind the
projectile when in the gun tube and fanned out to
more than one caliber span by some mechanism

‘after the projectile has left the musle blast can
produce large e.p.-c.g. separations without large

muxcle blast efects. They are expensive and con-
ducive to large projectile asymmetry. They need
not reduce the volume-to-length ratio of the pro-
Jjectile as much as do fizxed fins.

Foldmgﬁmwlmjmmppod around the
projectile nesr its base when in the gun tube and
spring out after the projectile leaves the muxsle,
can produee the required stability with reduced
senaitivity to mussle blast and very little reduction
in projectile volume. They are not cheap; tke
ssymmetry they produce can be offset by a large
Cu,.

$—3.4 Obturatien

Good .obturation is important for both spin-
and fin-atabilised projectiles, especially so for the
fin-stabilized rourds. It has been achieved by the
use of rubber or plastic rings on or near the cylin-
drieal portion of the body, or by the uss of & -*' ¥
of suitable material placed behind the projectile
(pusher obturator). The obturator is sometimes
given the added function of holding folding fins in
the closed position ; the obturator must then break
up om emergencs from the mussle, usually no prob-
lem with rubber or plastic obturators which ean be
notohed or, if necemsary, segmented. Obturators ou
mortar projectiles must break-up into small non-

AMCP 706-242

fethal fragments on emergence; this behavior may
be required for other weapon systems. Obvioualy,
retr’uing the obturator in fight increases the drag.
., finstabilized projectiles are often fired from
rifisd guns. The obturator must Le designed to fill
the grooves of the rifling, but it must not impart
a high spin to the projectile. Friction between
obturator and projectile will impart a slow spin
which is usnally remarkably uniform from round
to round, and which can to some extent be con-
trolled by the designer by varying the material of
the obturator and the area of its surface of con-

535 Arrow (Subcatiber) Projectiles

5—35.1 General

The large mussle energy obtainable with large
caliber guns offers the possibility of launching a
light projectile at very high veloeity. 1f the light
projectile is reduced in caliber, its weight per unit
deceleration due to drag would be 20 great as to
soon reduce its velocity below that ¢f a heavy pro-
jectile fired from the same gun. But if the light
projectile is reduced in caliber its weight per unit
of frontal area (sectional devsity) can be im-
creased up to the point at which it becomes a use-
ful item for employment aguinct armor, owing to
its high striking velocity. Sinee these subealiber
" projectiles are usually very long in proporticn to
their diameters, thay must be dn-stabilized; they
are referred to a8 ‘‘arrow’’ projeetilea.

5-3.52 Sabet

The space between the subealiber projectile
and the gun barrel is filled by an annulsr device
called a ‘“‘sabot.”’ The fine, attached to the body
near its base, have a span equal to the gun caliber
20 that they and the sabot, which is usually placed
near the cg. of the projestile, form two riding
surfaces which keep the bore yaw of the projectile
small.

If the projectile is propelled by s pusher
obturator, the sabot has only a centering function
and ean be relatively light and lightly attached to
the projactile. However, the aabot must often pro-
vide the obturation and transmit nolt'ot the
scoelerating foros to to the projectile since tNe sabot
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ares s often gresier thaa the bese ares of the
projectile. The sabot is then beavy, and a.tacked

to the prejectile by mesas of grooves arcund the
" projectile body. These grooves paturally give rise

t5 sboek waves which incremse the drag. 1f fired
from s rified tube, provmios mus’ be made {or
ratationsl slippege betwees obturator and pro-
jectile. The sabot must leawe the projectile by
bresk-sp or seymentation shortly after leaving

‘"the muszie becavar *a drag would be intolerabie.

Fragwests of be mbot may sirike the fims, 20 the
fim must be stromg.  For this reasom, and to impreve
the riding of the fine om the interior wurface of the
aun tube, the fins are often emd-plated While
the tramsverse pistes ea the tips of the fing inerensr
the drag. they alne imcTense the iift of the g
permittiog a reduction in fin ares wiich jargely
offsets the drag of th» platen Socae interesting
sabet designs are deseribed by Aliaa ia BRL Repe
1006 Part 1 (Ref $1).
Machilister and Roschite (Ref €3) compiled
snd snslysed the drag deis obtanel is wveral
Sallintic raage Srags of srrow peajectin They
found that ibe addition of four eorcehber agsare
tail-fan W 3 re-caliber eraecylnider body -
creased the drag to steet 100% of the drag of the
body sioas, when the fn thickness wes 5% of the
fn cord Whes the fan thicknewr was 16%. the
drog. meressrd o adout TIT of the body-alene
vosme. When theer fims were casted T° the dreg

mrrensrd by an edditmasl 10T of the body plms

ted vaisr. Theue lnrge Ca, vaare sev made Sedove-
u»mu&-m-t—a-mu—u
of the deades body ’

$~3S53 Acsesimiiciey

Becsunr of the bigh wiensty of the armee
rounds, the serviysamer forees sad memcmts W
obuth they are snbrcind 08 drcome @ lorge a8
coue 3 loag dendee 3o rtiin te deform & Byt
mie o shght bow  Sunew the forue chnagr dirvetion
oo The progectile youi oad min svely. the beowg
Solirtses brseenrs @ eanfistasy Shurd Srade to the

ponibiliny of ressaret acgedmtios loiad bodeen

ore oot kbely % grev tuglie but. .0 the event that
& signilapat pertsen of e bady ® deo weliel. e
seterel frequoarios of the bufy viretag & o vod
houkd b sairointed end csmgured *ub the yeming

&

frequeney \/ —a/l, is rodians per second. Large
deformations increase the drag of the projectile
even if they do not threaten its integrity.

$—3.6 Dyzamic Stahility of FM
Prejectiles

S—3.6.1 Geastal

Ax decumsed (at greater iength) in the sud-
section sa spin-etabilised projectiles, a projectile
» mid to be dynamicslly stable if its tremsient yaw
doex not wnervese daring fight  Statieally stable
fin-stabilised projectiles haviag sero spin are always
dynamically stable; the yaw. which is placar, de-

-eqs‘mrdmgbtheupn—

Ae - g{Cg— Co — & (Cu + cr.)]

2 in the travel in ealibers, and 3, in the sonatant
yaw dee to prejectile asymmetry, or *“irim angle. '’
The addit.casl yew which arms from the curvetare
of the t™yeetory » nmaghigrtle for nermal trajec-
torwm.

$—342 Zere Spia

A conditon of srre spen slmest Bever exmts
ware mensiartanag Wrences permis saave alight
tuint of the fos resuiting i & spin predusiag
toeger  In fact, seve spin @ very undusreble, be-
wusr thea the Lt predeced by the trim amgile.
§.. will sirer the prejrctiie guay from ite predisted
trageetory . ths defiaction due 0 asywastry ess
b mtelerably grest if the rell rate of the prajectile
» B0er 2™ oW Bath o the trajselery.

$—34) Equithrum Rell Rate

$=3431 Bniirtom Spin

Newry o) fSodabdusd prepetin e d
wpwnd 9 ergmre ¢ wetan equilibram apen, ealled
& duw qpon o _w £ » owth enatier then the rell
rore wd for wpunnan 2ustun The wpin IQue 0

~ Ccampinming}
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geserally produced by **canting’ * the fins, oc, if the

projectile is recket-amsisted, may be prodaced by

canting be revketl Prpum.

$—3632 Terqus ‘

" Wiea the terque is prodeced by twisting or
sambering the fins, or by caating, ie, bending wp
a portion of each fin, the spin torque is produced
by the lift c? the fian, which acts in opposite di-
Testioms on eppesits sides of the prejestiis axis.
The angle at which the air fow over the projectile
strikes the ns depends em the spin rate; a8 the
apin rete increanss, the sagle of attack of the santed
portion of the iz decressrs and the spim terqee
decrenses uatil it just balances the decelersting
torque preduced by skin friction.

$—3633. Computatien of Rquilibrium Roll Rate
Tﬁmﬂln&iﬁmb
C, Vv
'.-"z:.-‘-&.
where p, = equilibrium rell rate, rad/see
Cyy = roll mument eoeflicient due to fin
cant (at sero spia)

c,' = rell damping moment coeficient
& = fa cwat angie, redians

Ci, » s function of the peresntage of £a sree
Mi“;&, s siwayc negative. Thin ex-
presies s unfal when C;, bas besn dotermined in
s wind teanel tam. lowever, C,, /C,, may bo
etimeted fream the apprezimstion, valid saly for
flas with o tip redius of kast theve timen & grest
a0 the sest radims,

e ()
[ opr— ]

Mc“, b the fia Lft covfivicnt slope based
® & wn C, i the rell damping mement
coalisiont of the bedy siwng, £, i the tetal S0 arve

(net the wettad oren, which s twiee o grest) ond
Sam s Bo total canted ares. Henes the ratie

‘-/.. ~mdh whidh &
sfatal aren, b pn and d b
--a—n-.nuu,

AMCP 70842

$—34634 Sampls Calculation

Por example, a Ginch preojectile with ome-
caliber fias (b ==d) might have the fellowing
characteriatios : . . ]

' C;.,-ZOpundin
c.,.,--.m

S = 0.198 fs*

S = 05 12
Sems = 01122

& = 4° & 0.073 radian
V-pr

vc., |2[(om\ (-:f)]_l(:.s) -.-ws

-~ 0.57

' Cipm o,

" where b = span of fms, and ¢ = average fa chord.

If the fas have more then 45° sweephask, the

abeve expramion for C;, /C,, may »et give &
weable valms.

$—144 Computation of Dysamic Sumbility

4
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2, in negative sinee Cy_ is negative. Por amall
valurn of spin, 3, appresches sero aad 1/3, becomes
8 large negative namber. Hence, the pomibility of
dynamic imuhility hnﬂl when the spin s small,

H‘.‘J S-’l- Caicaiation

. Onr&m&lmr-ad-nm-plenﬁe
discussion of spis dee to fn. cant ia preceding

mp&am@t.bhnthfdbvméu_

acteristion :
1, @ Q.15 sugft®
1, = 3.0 slug-ft*
Cu,= - uﬂn&l

. Thea we bave,

1 - 4,V 84 Cy,

& It 4 :
- (§) 130) (00119) (1600)° (0.196) (0.5) (~2.5)
(@.15 (133

- -.z.s"
Using Murphy's eriterins

A TaO-wlekaks0

fore whish is identified 25 & magam fores. Thin
farws, snd the mement emssisted with i, esm be
a8 lnege o the magnus forer ond mement on o

In any ease, the magnux moment soeficincts of
finatabilized projectilen are lems predictabic than
those of apin-atebilized projectilen. Iror this reason
unmhdlovum-n&mnoldym
siability sa can be secured without falling into
ressosnce instability, which is dissnsed in the next
paragresh.

WMW

While spin-stabilised projectiles cam theoreti-
cally experience coincidemce of spin and yaw fre-
qm&nm-nnﬁmhdy
hmmﬁiw”ﬂuu.

5—3.7.1 Varistien of Magnitade of Yaw with
Asymmetry
Murphy (Ref. 122), in his discussion of the
angular metica of & slightly ansymmetrie mimsile,
muhwumn‘-dmum
-“'I'-‘n!'dlwby

i-h+'
where '

"'#’

P-L-

qm-ndn-p.
caliber of travel
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$~=1721 Computation )
The spin is mest likely to eoincide with the
autation frequency ¢, which is givea by

'«-§+‘F-‘--l-g(1+‘[1_:-:‘-)

Since ‘
-l and
i
. ‘-D-g
for ressmanss, them

T =1+ 'x-i- |
%—%+x-x--‘;-:,—%~ Z '

This reduem %o

-1, =L
’. ’. n

. whave pm @i Cp, 10 the static mement faster por

sedien, and p, s the ressnast roll rets in redisss
pr wesnd. Wi 7, is grester thas 1, whish it
alwuys is for conventionsl ertillery prejoctiln, »
must be segative for remusnce, and enly statisally
otadie (Cy, < 0) prajestiles can exhibit rescmance
instability. Wo can astimate the rensmmnt voll rete
foam .

AR .
“h—bhbwy*hﬁ
“mhbnﬁhd

o fn-ctabliinnd projestile, /' —5/7, in rediaas por
mmnd

Por the Ginsh Saner med "
& o camghe

at V = 1600

- —ﬂ_zl‘.’ .
» \/u-c.u Tad/eec ﬂ"':“‘

The equilibrium roll rate p, fer this fimner was 133
rad/me, a0 9, i woll shove p,. Sinee Loth p, and
Po are directly peepertivaal to sirspesd, shanges in -
Vuh.mmmbmmmwpnt_h

$—3723 Ratis of 2, /9, % Aveid Ressasance
Instahility :

It will be seen frem tie expression for 4 that

Nisslsides and sthere hove mads on wxtenuive
hewretinal aad wperimengal stady of the b
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moments not sonsidered in the discussions in this
haxdbook can offset the An torque, causing the spin
to vremain at the resonant frequency long emough
for the yaw due to as; mmetry to grow caiastrophi-
eally. Giving the projectile 8 spin at emergence—
and at equilibrium—greater than »,, is the method

‘ rocommended in this handbook fer avoiding roli

lock-im. :

© S==39 Acredymamic Jump of Fin-Stabilized

Prejectiles
Al of the materisl on the aerodynamie jump of
apin-stabilised projectiles (paragraph 5—25) ap-

" pliss without change to finetabilisad ammunition,

with the exception that the drift of a fin-stabilised
prejectile is kept smcll Ly rolling the projectile
slowly. However, it requires very good design and
manufacture to keep the aerodynsmic jump (and

" therefore the dispersion) of fin-stabilised rounds to

as low & level as that of standard spin-stabilised
rounds fired from the mme gun. This has besn
observed many times in test firings of fn-stabilized
tank rouids, where spia-stadbilised rocads were
wied a8 comtrol rounds

The serodynamic jump angle 8,, is reduesd by
increasing the ¢.p.-c.g. separation, as is seen in the
equation ia paragraph 5253, (epeg ~Cy, /
Ci, for small yaw). Unfortamately, if this in-

oreass is achieved by increasiag the mement oo

ofiiziont of the tail, as by grester in ares or & loager
bosm, then the rfinctivenem of the flan in the re.
verund flow rxinting in the blast sene in ineveased.
wilth nenlting inrropse in initial yewing valeeity.
If thin ineress in §, in grester then the iscresse in
r.p.<.g mparstion, snd it may well %e, thea the
ssredynamie jump is increased, net reduced, by the
changs in c.p.-¢g ssparstiss.

The ¢.p. of the normal force on the body alone
can be moved rearward by ehaaging the shape of

on acrodynamie jump is minimised if the resultant
of the transverse pressures ou the projectile passes
through the normal flight a.p. of tae round. How-
ever, sinee little is kncwn about the distribusion of
muzsle hlast pressure in either space or tim:, the
best way to reduce muszic blasi effect is to reduce
the magnitude and durstion of the blast pressures
on the projectile by good obturstion.

It will be noticed that aerodynamic jump has
been discussed only for dynamically stable preo-
Jjectiles where initial yawing velocity and e.p.<g
separation are the quantities of interest. Fia-
seabilized projectiles which are statically stable are
also dynamically stable unieas they have an un-
usually high roll rate. '

§—3.10 Fin Effectivezsss at Supersenic Soeeds
(Ref. 120)

With low aspeet ratio® fias of the erder of 1.0
or less, the span is the predominant factor for
producing high normal fores cseficients. However,
when spans are limited to mo greatsr than nme full
body diameter, the optimum ehord length must be
determined. For a fizxed span there is s definite
limit to the chord length that will gire the best
combination of normal foree and most rearward

~C.P. The normal foree based om body froatal

ares decreasss with isereasing Mach samber for
& constant span and esustast cherd, and it desressss
more rapidly as the chord in shertened. This meass
that an aapeat retie inerensen, the affest of Mash
numbdrr in greater on the fin nermal foress. The
munt eficient chord lragth appears o be betwesn
calibers .70 and 1.0, dependent en Mash number.
The larger chord should be weed for the hiches
Mach numbers. .

The effect of leading-edge sweepback is negligi-
ble 30 far as normal foree is concerned if comstant
stea and senert ratio s beld. From the wing
theory the iift within the tip Mesh ssass is apprexi-
mately % of the twodimensional valune.®® This in
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the lower to the upper surfaces. If more of the fn
surface is affected by the tip Mach cones, the lower
the total nermal forer will he and the further for-
ward the C.P. will move. If by some method we
roukl prevent thia premsure bakage around the
tips, we would be able to twudimensionalir a
threrdimensional surface. Bad plating the fias wan
attempted. By this method it was found that the
fia norma!l feree could be increased as much as 407
depending upen the amount of fin ares affected by
the end plates and the amount of end plate width.
‘hnodphudh-”thphnmluth

[

62 FhnK

AMCP 708342

shroud is eliminated, and fin normal forces are
increased and C.P.'s maved reqrward.

The sumber of fnn necessary for optimum
normal fofer appears to be Lx. Theoretically aix
finm, aeting indepondently of sach other, should mive
1% timen the forre of four fins, however, rxperi-
mhﬂy&quﬂbpﬁwuhﬂ%bm
wmore, dependent upon Mach number. If more than
six fime are employed, the fins interfere with one
ansther 20 far as the fiow flelds are concerned, and
the normal foree suffers.

In erder to obtain maximum teil effectivences,
one wonld want the tail to be in a unifor:y fow
regiog, ie., eutside of aay body wake infinences.
This, however, is caly pemible when wsing folding
fias whose oweep angles are relatively small. For
fized fis ecufigurations (exeept ia the case of arvow
projectiles) the fins are eperating mainly in the
boundary layer flow from the body. Means of giv.
iag the fa the most effective lifting surface are to
make the supporting body as small as practical, is.,
bnpthqnhupmwm.hm-
pomsible a9 that & greater portion of the fin is sut-
side of the bedy boundary layer, and boattail the
main bedy o that smecth waniform flow is pre-
sented 1o the surface.
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CHAPTER § |
" ROCKET-ASSISTED PROJECTILES

6—1. GENERAL

ﬂnkmmgy'lnehsmmmpm
10 & projectile is limited by the diameter of the

‘bore, the length of travel of the projectile in the

tube, and by the curve of éhamber pressure vs
travel ' The mussle energy can be increased

by using s bigyer, Jonger or thicker gun tube,

thus increasing the eost of the weapon and, more
important, decressing its mobility. But range is

from the kinetis ecergy am amount equal in
magnitude to the drag fores.

To increase rangs, or to incresss the pay-
load earried to the same range, or to increass
the veloeity at target impect, without decreasing
the mobility of the gun, the frst step is to redues
the drag cosfl-iemt of the projectile 1o a8 bow &

fuel caa be controlled, or ‘‘programmed,’”’ to be
less than the drag fores, anprozimately equel ts
dreg, or very much greater for s short period.

The additien of & resket motor inerveses the

hd‘dw--ﬂowbw

by ‘the maximum set-back ueeleuuon which the .
propeliant can tolerate witbout erushing, but this
limiting aceeleration is surprisingly high

~ 6—=2. MOMENTUM LIMITED SITUATION

6~-2.1 Variation of Muzzle Energy, Chambe: Pres-
sure and Prepellant with Weight of Pre-
joctile '
Because of the set-back acosleration limis,
recket-amsisted projeetiles are usually made beavier
thau the conventional smmunition fired from the
same gun. The muzsle velocity is then limited by

‘the eapacity of the recoil system, and decreases in

proportion to the inereass in projectile weight
If we use the aubseript ‘‘std’ to identify the

-symbols relating to a projectile which is lsunched

at the mussle momentum limit, then
{esmstant momentum)

sguaring, mﬂﬁvﬂhhﬁﬂ-'
bympv-

oo (B2 e v LS

Equating muzzsie energy to the integral of the -
work dose ea the projectile by ges premure in the
gun gives

AJ:‘P.J-(_':T*!.)AI‘ P4
o .

P, ax ehamber m.
4 = bore ares
L = bore travel

my = Mons V...
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Assuming the pressure-travel curves have the same
shape, Pc—-kpo~ﬂﬂl Pe—("ﬁl/.)PG‘ then
muzle energy and chamber pressure, and conse-
quently the weight of gun propellant, are inversely
proportional to the weight of the projectile, in a

‘momentum limited situation.

6—2.2 Variatien of Sethack Acceleraties
Theaethchmb_nﬁon.a.isgiven by

50 the setback acceleration is inversely propor-
tional to the square of the mass ratio. -

6—23 Efiect of Rockat Additiens en Pnpdh

" Desiga Parsmeters

The reductioa in Mt,ndwlmu,olm
propellant allows some of the extrs length oeen-
piad by the rocket motor to be inserted in the spece
previcualy oecupied by gun propellant. Whether,
sad bow, this is doas depends on the characteristics
of the gun tube and loading systew involved

Large inereasen in range require, if warhead
valume is net to by severely reduced, an incresss in
stabilised projectiles Jonger than € calibers usually
require & high spim rate for gyrossepis stability;
in the abwnce of recket thrust these prejestiles
slew down 30 muck oa & digh angle trajectory that
their equilibrium yaw besomes dangerously large.
However, whean the projectile veloeity is maintained
by & r0eket wiich buras neariy to the summit of
the frajestery, spin-etabilisstion may be used for

SRARER I WALTY N - ORI B e e

[ N S

. e . S oy e o I~

projectiles as long as 8 calibers, or po-ably longer®.
At 10 ealibers, finstabilization is almost certainly
required.

6—2.4 Effect of Rocket Additiens em Accaracy

loubnnunc rocketa, sometimes called ‘‘sus-
tuiner”’ rockets, with thrust approximately equal

“to desg, van have 4 proving ground aceursey (no

witd) very little worse than a conventional round
fired from the same gun. Thrust malalignment,
which contributes heavily to the dispersion of fast-
burning rockets, is a minor factor in the low-thrust
rocket. Variation in rocket fuel specific impulse
contributes to rocket dispersion and ascounts for
the alightly inferior accuracy of long-burning
rockets compared with eonventional projectiles
when both are fired in the sheence of wind. How-
ever, a long-burning rocket is less affected by wind

" than a econventional pmjectile, 50 that combat ao-

curacy of the rocket-assisted round might well be
better than the conventionsl

Accuracy ansiysss of rocket-amisted projes-
tilea, both spin- and fin-stabilised, are presented
in Builock and Harrington, Summery Raport on
Ntudy of the Gun-Boosted Rocket System, Raf. €9.
These analyses, with supporting experimental dats,
are very useful for design; an extemsive bibliog-
raphy in aleo included. Iaitial yawing wvelosity,
dynamie unbslance, and wind are ideatified as the
majr soureess of dispersion of spia-stabilined
rockets; thrust malalignment ean be significant
in casen of high thrust and slow spia. Dynamie
unbslance is not signieant for faners, but Sa
saymmetry and thrust malalignment ean be if the
roll rate is o low; wind is ales o major soures
of dispersion hare. The reascas for the rmall wind-

sensitivity of sustainer rockets are alse discussed.

® Sperial tilering of the o g loanticn meg Vo nguived
ia erdor to reduse dynamic instaMility ot the mamie and
noer impact.
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~ CHAPTER 7
LIQUID-FILLED PROJECTILES

7—1. GENERAL

Projectiln having an inner cavity which is
partially or completely filled with liquid are »
speeial case of the clam of projectiles having »
woarigid internal stroctore. The yawing motion
of a projectile hag wsnally such a low soergy eom-
tent that small transfers of epergy between the
internal parts and the wall of the projectile can
increass the yaw significantly. Whea the mams of

the nonrigid part is large relative to the mass

of the projectile, as it is in the case of some liquid-
flled projectiles, the yaw may increass wry
~ The imstabilidy of liquid-flled projectiles has
bosn _studied, thesretically and ezperimentally,

by Karpov, Sectt, Milne, Stewartaon and others. -
- Seme of this werk is reported in Refs. 71 to 73.

The investigation is net complete; the statements

made in the following parsgraphs represeat eur-

reat (1964) concepts and opinioms.

‘T=2. T¥Y*ECT OF SLOSKING OF LIQUID

PILLER

. Differences in the thermsl cosfcients of «-.
pansion of projectile body and liquid meks it im-

mumm.mmuumym
liquid. Mschanival deviees for allowing ibe eavity
volume to shangs with the change ia liquid volume
are pomible, bat not much wped. Fills of 9%
AP0 COMINN ; Soime Projectiles may be fiied to 98%.

It has boen found that the sloshing about of
the il ia a fnetabilised prejectile does met in-

‘eyeane the yaw. Se a simple selutien of the pred-

lom of liquid Al is o wee fn-stabilisation. This
s not alwags fensidle; Kmitaticns eu prejestile

Mﬁyrdmm‘dnud:ﬂmm
acceptable limita, or spinstabilisation may be
desirable for terminal offecta.

73 COMPUTATION OF DESION
PARAMETERS

mw-mummnwu
Wmm

1—3.1 wsumym v
" The gyroscopic stability fastor of a Liquid-filled

projectile is given (spproximately) by

L, 9

.'-‘ .'*‘ "l

. where

P = azial motsent of inertia
of rigid parts, slog-ft*
Iy, = tranaverse moment of
inettia of rigid parm,
slug-fe? -
¢ ‘-—athﬁo
" viscosity of the liquid;
for water, s = 0.3
= trangverss momest of
inertis of liquid parta,
slug-ft*
= statis mement faster,
7 ihft/radian

I

The rigid parts inelude both metal parts and
high explesive; the trassverss semenin of inertis

_are semputed about the tetal a.g. of the prejestils,

with the liquid 1) distributed 28 & Mellow o

n
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eenmecyhnderoeenpmthetnnlencmo!the
eavity.

7—2.2 Dysamic Stability Facter

The dynamic stability factor-—computed in the
ususl way frum aerodynamie coeflicients, exoept
that &2 i given by [, /(m, ) and b by

Uy, + el )[(my + ) @] — muxt be wuch that

the projectile would be dynamieally xstable over
ity trajectory if there were no interaction between
the liquid A1l and the projectile wall

7—33 Spia Rate

In the transient period, during which the hiquid
fill s sequiring a spin rate equal to that of the
projeetile wall, the trstsfer of angular momentum
from wall to liquid will rednee the spin rate o the
wall. The rednetion in spin rate may be very rapid
if the liquid 811 has a high viseosity, or if bafSes tied
to the projectile wall are placed in the liguid. On the
theory of peragraph 7-3.1, above, that the angular
momentum of the liquid does not contribute to s,
the projectile may become unstable. However, the
transient period is them so short that baffles (or
high vinconity) may actually improve the flight.
Bafllen can be designed simply on the basis of the
forqus exerted on the liquid in g'-ing it angular

“"Downloaded from http://www.everyspec.com

veloeity and on the shear, due to setback, at the
roots of the baffles. )

- 7--4. RIGID BODY THEORY

When all of the liquic ia rotaring with the same
angular velosity as the projectile wall, the pro-
Jjectile ix maid to be rotating as 2 ‘‘rigid body."”’
If the liyuid were not all of the same density, the
heaviest fraction would be closest to the projectils
wall ax a result of the centrifugal field, which re-
sembles u gravitational field. The air space, then,
ix as far away from the projectils wall as pomible,
surrounding the axis of the projectile or any solid
core, such as a burster tube, 'M-Ayhpmi-
tioned along the projectile axia.

Stewartson’s theory is coneerned with the in-
stability of liquid-flled projectiles rotating as a
**rigid body.”" It was dezived for eylindrical eavi-

ties completely or partially filled with liqnid of

uniform density and low viseosity; the behavior
of test groups of rounds of varying geometry
and percentage of exvity filled has been suceem-
fully predicted by the use of this theory. The pro-
Jectile eavity need not be precisely eylindrical
near its ends. The necessary formulas and tables
for applying Stawartson’s eriterion of instability

. are contained in Karpov, Dynemics of Liquid-Pilied

Niell, BRL Memerundum Repoet 47T (Ref. 72).

g
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CEAPTER §

RANGE TESTING OF
PROTOTYPE PROJECTILES

$—1. GENERAL-

Very few projectiles are completely satiafac-
tory as first designed. Metal parts failure is rare,
but the first test firings ususily show that either
range or aceuracy is not as good as was desired
or expected. In instances where the first group of
ten or fifteen test round. fired gave exosllent results,
a second group has often failed i» eonfirm the good
results of the first. Conclusions nre drawn from
the behavior of the test rounds; design changes are
msade on the basis of these conclusions; and new
prototype rounds are made and fired. This test
and change sequence msy go on through many
eyelzs before an acceptable design is reached.

The dificulty that 8 designer may encounter in
translating s round from the drawing board into
s uasful wespon is described in the following ex-

design data into & practical piece of ammunition,
should be cognizant of the differential corrections
that have to be made to the predicted behavior of
the projectile. The purpose of this report (Ref. 80)
is to show the effeet, on drag, lift, and pitching
moment, of depremsions and protrusions on the
surface of a body of revolution. Unfortunately,

there were insufficient data to determine effects on .—

the damping and magnus moments and forees.

Obviously important to the designer is the
soundness of the conclusions on which the design
changes are based. This soundness is directly re-
lated to the care taken in preparing for, firing,
and analyzing the firing test.

8—2. PRE-.FIRE DATA

It is important thut the designer know exactly
what was fired and bow it was fired. He must
know what equipment was used for measuring the
test parameters, such as veloeity, time-of-flight,
and target impact, in order to assems the scsuracy
of the numbers presented to him. Each round fired
must be precisely identified so that its performance
can be tied to its physical characteristios ag deter-
mined before firing.

For each round, the following physical charac-
teristics must be detsrmined and recorded before
firing :

s. Individual weights and dimensions of all of

the significant components of the round.

b. Weight and center of gravity location of the

projectile, inelading ita simulated lethal
charge.

e. Amount of eccemtricity of spesific compo-

neuts relstive to & chenssn refereies axis,
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whon seembled into th~ complete projectile.
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b. Fragmentation uMim

.

d. Axial and teaoaverss moments of inertis. t. Smoke texts: chemical type, shape, volume, o’
(Moment of inertis data may be omitted if density, ete :
the projectile is fin-stabilized and it is known d. Rocket motor pertormnee
from a previous test that dynamic stability e. Prupellant and high explosive ignition ays-
is not a problem.) : tams
e snrf‘aee isregularities which could canse dis- - Many of these static tests involve design fao-
ruption of proper boundary layer fiow. tors which " L
N . . . contribute to the mass and mams distri- .
f. Round number or other identification, which bution, and direetly or indirectly affect fig} .
should be permanently marked on the pro- e to . o .
Joctile. . haracteristies. .
/‘,?u experiences in the manufacture of proto-  8—3.2 Flight Testing
mm i indicates that there should be no m Py of the . N
A . . h ] mission projectile determines the -
- diffieulty in meeting the following tolerances: type of flight test conducted. The two most com-
—_ s Projectile weight: £0.6% design value mon tests are to determine vertical target assurscy
b. Center of gravity loeation: *+ 0.05 inch wdmn(dma).achdﬁnhnd“d
¢. Beeentricity: +0.008 inch below.
d. Moments of inertia: ==2.0% of design value
Practical methods of messurement of projeetile $—3.2.1 Vertical Tazget Accurscy
! eharacteristics are described in E. R. Dickinson, '
Physical Measurements of Projectiles (Ref. 74).  $—32.1.1 Measurement of Accuracy
. For vertical targets, the accuracy is expremed
in terms of two probable errors, P.E.x and P.R.y.
These indicate the distribution, both horissatally
and verticaily, about a eenter of impast.
$—3.2.12 Temperature Range . J
ingly, the test-muct be phnnedtopmuknﬂut Mmﬂ&mﬂymtﬂmﬂw
data £3r » statistieal 76). Itisthe  ditioning of the test projectiles, for « 4-hour
responsibility of the tasting offcer © period prior to firing. The thres temperature
pletion of the test, as planned, or to record any eon- usaally employed are:
dition which will make eompletion impractical. :
Thmtypu.olu-.muiundﬁatm b. Standard: 70°F
ing, are described below. e. Celd: —40°F
$~3.1 Static Testing $—3.2.1.3 Data Recerded
" Static testing i3 an intermediste demign tool, In vertical target accuracy tests the projectiles
which is particularly useful in determination of the are fired on a fist trajectory and the following data
{ollowing : are recorded :
a. Shaped charge pemetration 8. Projectils identification ; round ideatifisation
(1) stand-off distanes » b. Gun idemtifiestion and econdition
(!)l?udda:&h-.emuch.ac. ¢. Changes in gun elevation ¢ asimuth (if s .
. (3) high ezplosive charge: type, volume, aay) betwess reunds
density, shape, ots. d. Target distance from gun
: (4) eoffost of spin o Muasle velosity : ' .
3 “ ’
- {
by \
'y .
C ~/
\ C >
h) 6&
e e oo R o -
e - x e ot amrtl W
N . .
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f. Coordinates of points of impaet

g. Ground level meteorologieal canditions
h. Terminal velocity

i. Time of flight l Not always
j. Chamber pressure observed
k. Barly yaw ’

8—3.2.2 Range (Distance) Accuracy

8$-32.2.1 Measurement ;af Accuracy

" When testing projectiles for distance, the ac-
curacy iz measured in these two ways:
s. Probable error of range; indicating the dis-
. tribution forward and afi of a calculated
mean range. -
b.thbkmo!deﬂeehon indieating dis-
tribution to the right and left of the center of
impact. Deflection P.B. is generslly ex-
xm-ndinnib,bmdouﬂnugmn ‘
$--3.2.22 Data Recerded
Thase projectiles are generally tested throvgh a

range of quadrant elevstions and the following
data are recorded:

..Gunudptopehlexdcnhﬂahounmﬂn

letManthdm

¢. Musals veloeity
d. Coordinates of points of impeet or burst
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e Metecrologlctl data st ponnd lcnl aad
aloft

f. Time of flight

g- Chamber pressure - Not aiways

h. Early yaw } observed

$-3223 ‘hmumaudn , ‘
Subsequent fleld tests may be conducted undes

localized weather conditions, such as at the Arctic

Test Branch, Big Delta, Alasks. Instrumentation

_uvuilable for recording flight data are:

4. Photography: Pietures taken at mussle show
growth of amoke cloud which is related to
sdequacy of obturation. Sequence phoos
reeoxdducardmcnbouormrdlpmw '
tivity.

b, Yaw Cards: Thepro;octilcnﬁndthmch
a series of strategically loeated soft-card-
board panels to record the attitude of the
projectile relative. to its line of flight.

¢. Radiosondes: A small radio transmitter
‘built into the projectile is actuated upon
firing. An on-ground receiver, being senai-
tive to the mil origntation of the transmitter
antenna, is sble to record the spin history
of the projeciiie. ‘

d. Radar: Fadar tracking can provide position
and vzioeity data throughout the flight.
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CEAPTER 9
- MARUFACTURING TOLERANCES

9-—1. DIMENSIONAL CHAKRGES .
Cost factors necessitate that tolerances on parts

- being produced in large quantity be less stringent

thaa prototype manufacturing tolerances. Dimen-
sional changes, to facilitste production, may be
made only when the flight results will not be sig-
nificantly impaired by the change; this implies that
standards for high produzti:n runs can be estab-
lished only after statistical analysis of prototype

firing test data. A brief example of the type of

analysis considered is presented below. Reference
should be made to the Engineering Design Hand-
books, Kzperimental Statisties, AMCP 706-110
tkrough AMCP 706-114, for a thorongh treatment
of this important phase of data analysis.

$—1.1 Prebiem

Fin misalignment relative to the longitudinal
axis of the projectile is recorded during preflight
inspection. The assemblies aceepted 2° this time
must meet the requirements of prototype manu.
facturing. After test firing the accepted pro-
jectiles, the impaet dispersion at target is re-
corded. '

912 Asalysis

A simple regression analysis of in misalignment
versus dictance of hit frem eentyr of impact will
produee numbess indicating the effect of misalign.
ment. If the analysis indiestes insignificant eor-
relation, the tolerances on the fin dimensions whish
eotatrol alignment may be relaxed.

9—2, PREDICTED PROBABLE RANGE
ERROR

Table 9-1 presenis estimates of the probable
variability of those projectile characteristics which
rost significantly affect runge. These estimates
were gathered from ballisticians at Picatinny Ar-
senal, Aberdeen Proving Ground, and the Naval
Ordnance Test Station. The last column in the table
presents sensitivity factors for a particular rocket-
assisted projectile when fived for maximum range.
These sensitivity factors, which represent the per-
cent chzige in range caused by a one percent
change in the associated round variable, were ob-
taired by trajectory computations as described in
paragraph 4-2.

The predictad probable error in =ange, in per-
cent, due to each variable ia tharefore the product
of the probable errar ol the variable and its as-
sogiated sensitivity factor. Under the usual as-
sumption that the errars are independent of each
other, the resulting rangs probsble error of the
projectile, in percent, is the square root of the sum
of the squares of the individual products. Vector
sums of this type can be significantly reduced only
by reducing their large components. Obviously, a
siguificant improvement in the range dispersion of
Socket-assisted projectiles could be obtained by
reducing the round-to-round varistion in specific
impuise. In the absence of rocket thrust, variations
in drag coefficient Secome moat sigmificant; dis-
persion might be improved by closer control of the
external contsur of the projectile.

The foregoing paragraphs spply to high angle

" indirect fire. As the quadrant elevation ia de-

creased, the relative ixaportancs of the various
factors changes 80 that in direct fire the most im.
portant items are quadrant elevation and serody.
pamie jump.

1
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TABLE 9—1

PROBABLE VARIABILITY OF ROCKET-ASSISTED PROJECTILE
CEARACTXERISTICS AND SENSITIVITY FACTORS WERICH

AFTECT RANGE

Prododie Brver 2 % Seungitinity Fecter
Round Variedie of Moon of Veriadle o mes. ;ongs
Projestile Weight a5 - 4
Musie Velocity -3 A
Fael Weight 50 N
FPos! Specifie Impalee 1.00 P
Fuael Burzing Rate 20 2
Drag Cocliicier;t 5. n
Ballistie Density of air 2 n
Quadrsat Elrvation ) M

3. DYNANIC STABILITY CF I7TS-MM
PROJECTILE, M43?
The trajectory canlonlstioms in Toble 52 dhow
thet the M437 prejestile fired ot 45° quadvest

clovetion and 2000 fpe mamle veleeity, will fiy o

o Mash sumber cless %0 1.15 ever the axtive de-
sssnding limb of e trajectery. Referving to the
ssredynamie dats in Toble $.3. we see that in thin
Mach sambor viemity the expocted valee of 2
clom %0 1.0, o thet & reusd daviag valews of the
amr 9 the sverage valom measered for the rounds
tested in the frev Sight range will be dynsmisally
stable over s whele Wrajestry. .

Bow: ¢, the stperimental dets from the range
firiags dooed comiderabic matior, puodebly bo-

conae of the amall wine of the yow Jovel. As 0 e
sequenee of this smatter, BRL investigated the
sensitivity of the stadility of the prejestile
variations is the megnes mement and darping
from lot-te-let weristous i projestile shape o
center of gravity lneatua.

“The resnte of resset (1964) ciz-dogrenef-fres-
dom eomputer rums st BRL shew that the M<37
projectile behaved properly with varistions of over
four standard devistaan frem the eurve ftted
the experimental valum, dut veristions of fiwe
remputations, Table 8.4, indisate thet othet' them
miner lot-t0-lot veriatioss in chepe or og. lommtien
eon lend 1o trenbis even when the banis dmige of &
projectile in quite stabis.
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< . . Ny TABLE 92 ,
, SAMPLE TRA JECTORY FOR 17S-MM SPIN-STABILIZED PROJRCTILE,
m . ‘T Q.x. - “. . .

FFD FFM  TYPE RGA RGT  O,FT
.00 1,000 - 175 ,369 1,297 .§7130

: o : WTO vo SPis SBYT DTM TWIST QF

o : - 147.50  3000. . .0 .300 20.00 45,000

? o W 2 TEMP OTL OTE CDD2 CLP

, ‘“70” - 590 2.0 .350 5080 ".0‘5

V01189 1116.0

TINE 0ISY V €D CMADR MASS
DRAG YAW MACH SPIN SG

THETA 2 THRUST

.00 . 3000,0 ,203 3,62 1.000 &,S8
—_— 9] 562.1 ,%00 2.68 .34 1.95
3.06 6895, 9621, 2577.8 .222 3.73 .806 A58
, ' 25 6709 . 366.5 .cot 2,35 ,3m2 2.80
| 7.92 14745, 20213, 2198.8 .20 387 642 A.s8
13.6h 23745. 31770, 1858.3 .260 A0k ,509 k.58
. .?; 21066, . « 140.3 ,003 1.80 28 6.38
S 21001 34165, MA262. 1552.6 .279 L.30 408 .58
. ' 0?2 27972... * 8“-“ 0007 ‘.55 0“9‘ 90 6
P 30,86 M69) 58090, 1282.1 .307 .61 .322 .58
': .;; ”7‘.’. . ”o' .015 ‘o” .572 ‘5. 5
' A3.01 60831. 72479, 1108.3 .332 4.99 .289 A,
. . -o% ’““. ° ’602 0023 ‘o‘~ o“' zo.g
| 3 | £810) 76566, 88752. 1092.1 .335 $5.08 342 .58
2 ] . . -og 32~3So ’ . 52.0 00‘9 'o'o 0627 ‘60”
73.01 90373, 105836, 1193.6 326 s.sz A6 &, se
-lg 2252'. ® 690“ .o‘o 'o‘ .s% 309,
88.01 101738, 120410, 1265.5 .32 &4.92 . A58
-|.o£' ng. 126,2 ,008 1.16 .m 6,21

TINE. S RAMCE M V. FPS THETA D SPIK SG
95.16 32333, 2. O sl T

%),
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.' 'y.

Anonvunc DATA SEEET FOR 17S-MK PROJECTLLR, w

REPORT BRL -Unpub] ished nm
DATE 1963 _
TYPEOF TEST  Free flight =
e e——s— o Weighlp  _WLS.
.l.nL sees "—:Mb{sv:’mb 3000 "
] ese 011 & L 4,;”."" 0.573
: 4 v, rad/cal 0.3 _
L_z.oa_.{ Ltdcl '
Dimansions, colibers .
‘ 7
s
3
o ™
- N\ . 1 NP
¢ Z 3 4 v o 1 2 3 4§
Moch Ne. Mach Ne.

94

¢ g location from ha-,ﬁh-n —0 ['M’ 0.206 xr"_‘,: L 2.54

kool 2.0 b _L2V
C. ‘!:3.—07"3% 0o iy 0 o 0 _ fommt
s 5.8 ot al} Mach masbers Pren BL MR 956 (Maf. 4N)
C. 0.75 .23 1.3+ .28 242 302 ' |
Cu See corve sbeve
€S, MW S 402 doce
G OB 0.1 ¢ .8 0.33¢ .28 0.22° .28
<y
o 62 52 38000 3100 calivers fren bese
-, L2t 1ML 1PN LMt . |
.39 LecLs 128405 1.08°0.0
h) .98 g @ 185 9y 10 0.32 00 0.7 Yy N0
0.7 003 0.87¢.0 0.8 +.0)
‘ weTns MM SRS STARE “te wis et

&
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TABLE %4 )
DYNAMIC STABILITY ESTIMATE OF 175-MM PROJECTILE M4}
Projectile Type: 175-mm M43?7
Mach aumber: 1.4 ‘
Air density: # = 0.000888 slug/ft* at 36,060 ft above sea level
Average values of serodynamie cosfficients: Cu, - 50 )
C;. . 15
| From Unpublished
Cs, - 033 BRL data 1963
Cus, - 035
cl. + 0.5 . -88

Spia, » = 0.64 2ad/eal
Inamaster, d == 05T Nt

Axial radius of gyretien, k, = 0.300 eal
Traasverse radius of gyreticn, by = 1.297 eal
Projectile mam, m = 456 shage

Oyressepic stability taster, o, :

- o 2438 ( 0.64)! .
& Ei"st -e_#l'(m @) (109 Esnp o - 2

Dynamie stability facrer. o,
NCs, + K'Cuyp, ) %u + 1% (nzsa -
“ T -Cs - h'(ci, +Cy) "B -0W+OCES) 1.00

60+8)e10 ' L. ace
’

:.Mm-;'.—u.,a-u.
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GLOSSARY

_ sccuracy. The mnh.yofmortreedom
from error. C!. precisiom.

myottn. The correctnens of fire as judged
bythdmdmmurdnmbuthe
eenter of the target

acoustic velecity. Tre velocity of sound wavex, or

- sismisr waves, in & given medium. For variation
‘with altitude, in air, ws: Standard Atmesphere.

seredynamic jump. The average delection of the

trajoctory which arises from the alternatiag lift -

foremm on a yawiag projestile. Drift, which
arinen from 8 nom-zer> equilibrium angle, » not
included in serodymamic jump.

sirspesd. The spead of a projeetile relative to *he
air in which #t » imwersy.

AMC (ebbr). Army Muieries < mvand

angle of jump. The angic betw. 1. U« lime of ele-
vatien and the Yime of derertur:

angle of yaw. The sagle teivesn 15« diwsiion of
metion of & prejectile a ¢ ti+ hiwtion of i
azis In computing sen< i r.ac “ureet 18 the
prosence < & lateral wiad cb: vex angls is based
o the direstion of the relativa ‘wind, vather thas
the direetion of wetiva of the « 2. .

stmespheric conditions. See: mow~rolegical data.

sxial drag. The component of th: ssrodynamic
fores em & body ia the direetion of th- loagitud-
inal axis of symmetry.

asia Unlasm etherwme specified, thhacmwu\
azin of symmetry. .

Sallistic cosficiont. A sumerical measere of th:
shility of & prejectile to eversame air resistance
1t is dependent upen the mam, diameter and
form fastor, and wes widely weed in trajestery
csleulations Sefere the advent of the clestremie
digital computer.

tallistic range. A\ suitably instrumented ares or
enclosure in which projectile trajectories can be
closely observed, as by park photography ; anal-
ysis of the observations can yield good estimates
of the serodynamie coeficients of the projectile.

blast zose. The 200¢ of tarbulent air and propel-
laut geees througk which a projectiic must fiy
a8 it leaves the mussie of the gun. The blest
200¢ ¢nds where, and when. the projectils enters
undistarbed air.

beattail. The bese of & projectile when shaped like
the frustum of s come (o like a reverssd ogive).
€ : square bage.

Soemn. The central stalk or slesve to which the fins
of a fin-stabilized prejeciile are attached.

bore. The interior of a gun barrel or tubs.

boundary layer. A thin layer of air (or other
fluid) next to a body, distinguishable fyom the
maia flow by charssteristion of its ewn, sst op
by frietiou mmmmmm
effocts of cinosnity are ssneentrated.

beurrelet The eylindrical sarfase of & projectile
oa whith the prejectile dears whils in the bore
of the weapes. Cenventionally the bourvelet in
located just aft of the egive and has o slightly
larger diameter thaa the main body. In somse
cases the bourrelet extends the full lemgth of

" the eylindrieal body. In some designs & widdle
bourrelet is provided just forward of the rotating
band. In seme other designs & rear bourrelet is
provided bekind the rotating bead, and in -
stabilised designs & shread or end plates oo the
fins previde a Tear bourreiet.

“ourrelnt dismoter. The maziman diameter of
W prejectile. The freatal ases waed in the
cumputation of seredynamie cseficionts is based
<u this diameter.
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GLOSSARY (cont’d)

bow wave. A shock wave caused by the compression
of air ahead of a projectile iu flight When this
wave touches the tip of the nosé of the projectile.
it is ealled an *' attacked bow wave’’ or *‘ attached
shoek.”’

BRL (ebbr). U'S. Army Ballistic Rexearch Lab-
oratories. :

tursing rate. For solil propellant fuels the rate
of motion of the burning surface (normal to
itself). ,

burneut. The termination of combustion in & roeket
motor owing to exhanstion of the propeliant sap-
ply.

" caliber. The diameter of 8 projectiie or the di-
ameter of the bore of a gun. In ritied arms, the
ealiber is meastired from the zarface of one land
te the surface of the land clirectly opposite.
Often the ealiber designation is baced on & mem-
insl diameter and represents a close approximae-
tion rather than an exart measurement.

Caliber may be wsed as & uait of length; for
example. & 6-inch 50-ealider gun (67/50) would
- have & bore diameter o 6 inches and 3 tube
length of 50 ealibers or 25 feet, messured fron
the breeeh face to the muzsie.

calotts. Ses: maiplat.

csnter of impact. Conter of the dispersion pattern.
Calculeted a8 though it were the conter of gravity
ol o gystem-of disevets 2nit masses placed at the
poicts of impart of the individual reunds of the
gronp. :

csnter of pramuse. The poiat «n the axis of a
prajectile (or on the chord of o fin) tarcugh
which the resuitant of & given st of sevcdynamie
fovees passes.

chamber premure. The pressure existest withia
the gus chomber ot sny tiwe as s rmult of the
burning of the prepellant charge. This pressure

the mussle. In this hesdbesk P, is idestied
with the pramure csisting ot tse bass of the pre-
Jootile, alibough the twe pressesres are et ezart-
iy oguel, the base povasnre being perhape 8%

smaller than 7. after the projeetile hax acquired
a large fraction of its final veloeity.
complete reund. All of the eomponents of am-
munition necessary to fire a given gun onee.
contrel reands. See: refercnce racads.
dampisg expensdt. A numerical measure of the
rate of change of the amplitude of an wweillating
wotion.
deflection probadle errer. The directional error,
cuinesl by dixpersion, which will be exceeded ax
often a» not, in a large number of rounds firevl
at a singt- gun setting. It is approxixately one-
eighth the greatest width of the dispersion pat-
tern (for large samples).
deasity of air. The maa- of & unit volume of air.
it varies with altitude, generally deereesing as
the altitude incresses, sinee it varies with the
rurrent tempersture and berometric pressure.
When » is altitude in feet (A < 30,000) above
weg level, In ("") ~ 3.2 X 10-% &, p,. the stan-
dard density of dry air at 59°F and 14.7 pai,
is 0.002378 slug/ft* (NACA 1942).
derivative. The rate change of one variable with
respeet 10 another. In projectile ssrodynamics,
the rate of change of an aerodynamie soefficient
with respeet to & chaoge in the magnitude of the
yaw angle, e g the xlope of the Cy v @ curve
gives the static moment devivative, Cy .
difierential cosficiont. ¥es: ssmuitivity facter.
differential offects The effects upon tie cloments
of the trajectory due to varistions frem standan!
wwaditions.
. disporsien. The srattering of shots fired on a target
by the same gun (or groap of guss).
dispersien ecvec. Chance varistion in a ssries of
shots even theugh firiag conditions are kept 2e
constant as pemible. For practical purposes the
dispersion error of & particular shot is considered
the distance from the point of impest or durst
of thet ot 1o the eonler of impost or buret.
patters. The distribution of the poiata
of impact of o serien of shots obtained under
conditions o nearly identical as poasible.
distributien. Pattern of projectiles shout o peiat.
The art of valure tohes on by & randem verishle
in suseemive trials.

@
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GLOSSARY (cont’d)

diverging yaw. Iu the Hight of a projectile, if the

angle of yaw inercams from the initial yaw, the

yaw i saicd 10 be divenzing.

- drag. Component of air rexistanee in the divec.
tion oppusite 1o that of the motion of the renter

of geavivy of a projectile.

drag coeficient. A number relating dnx foree
to the dynamic pressure of the air stream and
to the frontal area of the projeetile.

drift. The lateral deviatin of the trajectory of
a spin-stabiliaed pro:eetlk dne ‘to the equilib-
riam yaw.

dynamic pressure. The pressure exerted by a fluid
solely by virtue of its relative motion when it
strikes an object. Preportionsl to demsity and
the square of relative velocity {g= (%)p V],
it is obvioualy related to the kinetie energy pos-
wessed by, or imaparted to, the fluid. Scmetimes
ealled ** veloeity head.””

end plats. A narrow rectangular plate integral

with the tip of & fin, forming a T when viewed
in the chordwis> dircetion. The other surface

of the plate is curved to conform to the radiux*

of the gun bore, as the end piate supplies a rid-
ing surface for the fin in the barrel, as well as
inereasing the lift of the fin by preventing the
flow of air around the fin tip from the lower to
the upper surface.

oquilibriom yaw. The yaw angle te which the
yaw of 3 dynamically stable projectile deesys.
Part of this angie in due to ssymmetry of the pro-
jeetile, part 40 the effect of gravity. _

orres. 1. The difference between an obeerved or
calculated vulue and the true value. 2 In gun.
mery, the divergenee of a point of impect from
. the center of impect.

fSassem ratie. Ratio of length to diameter ({/d) of
a projectile. :

fia-stabilied. Of & projectile, made statically stable
by the serodyaamic moment arising from the
presence of lifting surfeces af? of the c.g.

firing tabis. Table or chart giving the data needed
for firing & gua aceurate’y oa & target under
standard ecaditions and also the corrections thet
mont be made for speeial couditions, suek &
winds or veristions of temperature.

fiat bass. Deseriptive of & projectile with o eylin-

dmal bane nection, as opposed to 8 humﬂ, which
. Nometime called *mguare base.'’
form factor. Factor intrudused into the deno-»
‘nator of the bailistic coefeient (4.v.), baned on
the shape of the projectile.

free straam. The flow of air or otlser fluid undie
turbed by the prexenee of a (relatively) moving
budy ; specifically the relative flow of air ahead of
a shock wave.

fringing groove. A groove eut into a rotating band
to collect metal from the band while it travels
through the bore. Excess metal so collected is
prevented from forming s fringe bokind the
rotating band. Fringe formation has bees s
cause of excess dispersion and short range.

froatal ares. ' The area of the grestest cireuiar
cross-section of the body of s projectile
i8S = (2/4)d?] ; used as the reference area ia de-
fining the aerodynamic coefficienta.

gravity drop. In ballistics, the vertical drop due
o gravity ; equal to one-half the acceleration due -
to gravity multiplied by the square of the time
of flight.

HEAT (abdr). High explosive antitank. A term
uszd to designate high explosive ammunition
~ontaining a shaped charge. :

hit. Au impact on a target by a projeetile.

kit prodability. The expected ratio of number of
hits to yumber of projectiles fired at the target.

HVAP (ebd'). Hypervelscily armor-pitreing.

w Of or pertainiag te the apeed of ob-
jeets moving at Mach § or greater.

impact velecity. The velocity of & prejectile at the
instant of impact on the target or target ares.
Also called **striking veloeity."’

impules, total [ rocketry, the product of the av-
erage thrust (in pounds) developed by the motor,
times the burzing time (in seconds).

iscrement. An amount of propellant added to, or
taken away from. & propeiling charge of semi-
fixed or ssparate oeding ammuaition to allow
for differences in range.

indirest fire. Cunfire delivered ot & target whieh
cannot be seen from the gus pesition.

inkibiter. \ material applied to surfases of pro-
pellant graine te preveat burning en the esated
sarfoces

@
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initial mass. The masm of a rucket-msinied pro-
jeetile ai the sart of burning nf the rorket pro-
pellant.

initial yaw. The yvaw of a projectilc as it leaves the
muzsle blist zone.

initial yawing welecity. The rate of change of

the yaw of 8 projectile as it leaves the mussle
blast sone. ' .

jump. 1. Movement of s gun tube when the gun is
fired 2. Ang'e of jump (q.v.). Ses: ssredysamic
jemp.

Kkill jredadility. Probability (/’x) that, given a bit,
a single projectile will kill (ie., destroy) the
target against which it is Sred. The overall kill
probability of & single ahot is the product PuPy,
where Py in the hit probability, -uu-rdbh
independens of 'y

laminar flow. A neaturbulent airflow.

Iasd. One of the raised ridgen in the bore of a
rifled gua barrel.

lateral deviatiea. Horiseatal d-uaee (normal to
the line of fire) between the point of impact of »
single round and the eenter of impact of the
group.

fift. The component of the total acrodynamie foree
perpendicular to the relative wind, and acting
in the plane of yaw.

Nae of departure. The poth of the projectile os
it leaves the mumle; the direction of the pro-

mamuummmum'

gun, providing it has ne swerving motien.
Mme of slevation. The prelougstion of the bere
when the gus is ot ® fre.

axtursl Defaed by 2= 7, where

¢e=271828. ...

Jot. Quaatity of material, the units of which were
menufectured wnder idemtical conditions.

M (abbr). 1. Mach number. 3. In such usage &
M29, designstes 3 ctondardised itom.

Moch. (Nomed for Brmst Mech. 1833-1916, Aws-
trian physieint.) Prequestly weed for Mach
samber, which ooe.

Mach sagle. The acute angie betwesn & Mack line
aad the line of fight of & moving bedy.

Oyeotant }
VF-I

Mach effect. An effert pruulting from the fact that
an objeet s moving sl tramsonic or supersonic
sperid; u compremibility effect. Mach offect may
be evusidered in terms of (8) The changes in the
air brought on by a shock wave, i.e, changes in
prexsure, velocity, density and temperature and
(b) Changes in asrodynamic coefficients, such as
drag, lift, and moment ceeficients.

Mach line. A theoretical line representing the beck-
sweep of & cone-shaped sbock wave made by an
assumed infinitely amall particle moving at the
same speed and along the same flight peth as an
actual body or projectile. This line, as repre-
sented on sny plane bisceting the shoek-wave
cone, forms an angle with the flight path usually
sumewhat more acute than the angle formed by
the shock wave of the actusl body, which depends
amung other things upon the shape of the body.

Mach aumber. The ratic of the velocity of a body
to that of sound in the medivm being consid-
ered. Thus, at sea level in the U.8. Standard
Atmusphere, a body moving at a Mach number
of one (M =1) would have a veloeity of 1116.2
fps (the speed of sound in air under thoss eoun-
ditions).

Mach sumber, critical. The free stream Mach num-
ber at which the relative speed of sir and pro-
m:hum-mvdwqun-omtaﬁn
projectile.

Mach sumber, f2ee stream. The Mach zumber com-
puted on the basis of the welocity of the pro-
jectile relative to air which is usdisturbed by
the prvaence of the projectile.

magnus force. The lateral thrust om a retating
body when acted on by am sirstream having a
veloeity componeat mormal te the body's axis
of retation.

magnes mement. The momsent about the body ¢.g.
produced by the magnus foree.

mam. The constant of propertionality betwesn the
force on & bady sad the resulting scesleration.
mz= W/g. Uafetcunstely, in previoms reler.
onoes, '‘mam’’ is sometiman weed as aynemnymons
mu*n

meterfel. In & rostrieted semee, thess things waed
in combat or logatic suppert eperstions, seek as
wespons, ammusition, meter vebiales, ete.
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mesa range. Average distance reached by a group
of shots fired with the same firing data.

ogival portion of a projectile or point fuxe.
&:neﬁm the méplat ix convex, and way be
rgilnd & “‘ealotte””

metosrological data. Factx pertaining to the al-
mauphere, mpecially wind, temperatures and air
denxity, which are used in determining correct-
inge to basic firing data. Often shortened to
“metro data”’

medal vecters. A pair of rolating armw, ealled the
precesiion veetor and the nutatisn vector, which
when added together give the magmitude and
orientation of the variable part of the yaw of the
projectile at any instant. Adding the equilib-
rium yaw to the varisble part gives the total
yaw. The precession vector is often visualized
a8 originatiag on the tangent to the trajectory,
and rotating slowly. The outer end of this pre-
eemion vector is taken as the origin of the nuta.
tion vector, which rotates more rapidiy, and the
resulting epicyelie motion of the outer snd of
the nutation veetor represents the motion of the

nowe of the prujectile (negleeting th equilib-

rium yaw).

muasle blast. Sudden gax premure exerted at the '

muzaie of & weapon by the rush of hot ganes and
sir on firing. Muxsie blast precedes the emer-

gence of the projectile, and forms & sons of tur-

bulent air, gas, and wuoke through which the
projectile must fly. The leagth of the projectiie's
peth in the dlast zome varies from sbout 20 feet
to 200 feet, depending on the sise of the gun
Mthmtalnsluhnp-tunpm-
jectile while in the Lore.

mazle energy. Kinetic energy of the pmneule ‘

88 it emerges from the muszzle (plus a small
amount of epergy picked up in the muzzie blast.
where for & short distance the mussie ganes out-
run the projectile). This is 8 measure of the
power of the wespon.

maszle memsstum. The momentum of the projec-
tile (ie., produet of mam snd veloeity) as it
leaves the musnle. Limited by the capecity of the
roosil aystem built into the gua meunt.

mustle velecity. The prejectile velosity at the

&

moment that the progectile ceases to be 7.-.2d
upon by propelling forees (other tha» the thrust
of a rocket motor). It is obtaine” - measuring
the velucity over a distanee for~.«G of the gun,
amd correcting back to P2 r/mle for the re.
Iardulon i lll‘q'kt

NBS (abbr). National ‘iuresu of Sundsrdn.

NOL (abbr). Nava! )rdinance !.aboratory.

normal force. Th: component of the total aero-
dynamic fore: perpendicular to the longitudinal
uxin of the projectile, and aeting in the plane of
yaw,

NOTS (abdr). Naval Ordnance Test Station.

autslios. The oscillation of the axis of a rotating
body such as a spinning projectile. This oecil-
lation is superimposed on the slower motion of

the projectile -mvhxeh is known as precessien,

which see.
obturation. The act of, or means for, preventing
the escape of gases.

. obturater. 1. A deviee (uﬁnlborin(orpd)il-

corporated in & projectile to make the tube or a
weapon gas-tight. 3. A device incorporated in a
rocket motor to prevent unwauted gas leakage.
ogive. The curved or tapered front of a projectile.

Thefunwormnothomclndedu.pcﬁ

of the ogive

ogive, secant. Aumnmuedbyumm
tangent to, but intersecting at a small angle, the
vylindrical surface of the bedy. A sccant ogive
-may have any radius of curvature greater than
that of a tangent ogive for the same projectils,
up to an infinite radium of eurvature (ie, a
straight, conical ogive) ; a radius twics that of
the tangent ogive is commoa.:

face. Called ““true ogive” Ly the British.
erisatation of yaw. The direetion of the plane of
yaw (q.v.) relative to some reference direction

K3

B
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angle of yuw. A weful approximation to the
trajoctory of an actual projectile.

piszemetric officiency. Ther cutio of the work done
ot the projertile by the propellant guses io the
work that coukl Bave been done if the maximum
chamber presaire had acted on the projectile
buse for the fuli travel in the bore; i.e.. the ratio
of average presiure to peak pressure.

plane of yaw. The plane containing both the longi-
tudinal axis of the pm)eeule and’ the tangent
to the trajectory. -

precession. A cireuiar motien of the axis of rota-
tion of a spi
by the application of a constant torque about an
axis perpendicular to the axis.of rotation. A
nonconstant tnrque ‘produces a noncircular pre-
eemsion.

precisiez. The property of having small dupernon
about the mean. Cf : sccuracy.

pressure froat. Sec: shock fremt.

premure-travel curve. Curve showing chamber
pressure plotted against the travel of the pro-
Jectile within the bore of the weapon.

prodable errer. In general, a value that any given
error will as likely fall under as exceed. In gun-
nery, a measure of the dispersion pattern around
the center of impact; half of the observed im-
pacts will i within & band two probable errors
wide and eentered on the eenter of impact.

quadraat elevation. Vertical angle between s
horisontal plane and axis of bore of gun, jm
prior to firing.

tadius of gyration. 'hedmnee!mthmo!
rotation at which the total mass of a body might
be concentrated without changing its moment of
inertia about that axis. In this handbook radii
of gyratior. are usually expressed in ealibers.

saage correctisn. Changes of firing data necessary
udbw!orduhﬁouinmpdutom
material, or ammunition.

range devistien. Distanes by which s projestile
strikes beyond, or short of, the target measured
along s line parallel to the gun-target line.

sangs orver. Diffsrence between the range o the
poiat of impast of & perticular projectile cad
the range 1o the senter of impect of the greap
of Dots fired with the same data.

ng body which is brought about

range probabdle error. /. Krrur in range that u gun
or other weapon muy be expected to exceed ws
“often ux nol. Jtunge probable error given in the
firing tablex for & gun may be tuken wi an index
of the avcuraey of the piece. 2. In deseribiug the
thxpﬂ\mn pattern of & group of shots, the prob-
able error in the range direetion. .
range wind. Horizontal component of true wind in
the dirvetion of the line of fire.
reference rounds. Ammunition rounds of known
performance which are fired Jduring ballistic
tests of ammunition for eomparative purposes.
Also called ‘“control rounds.”’
relative velocity. The velocity of relative motion,
especinlly in respect to a projeetile and the air-
stream. B
reistive wind. The velocity of the air with refer-
ence to 8 body in it Usually determined from
measurements made st such a distance from
the body that the disturbing effect of the body
upon the air is negligible. Bqual and opposite to
the relative velocity of a projectile.
testering mement. A static moment (q.v.) which
is negutive when the angle of attack i s positive,
and vice versa.
reversed fow. l-‘lovofthenmtrunho-duhn
toward the nose of the projectile, such as exists
mthmunhbl-twhn(hﬂ-tmmmv-
ing faxter than the projectile.
Reyselds aumber. (Named after Osborne Reyn-
olds, 1842-1912, a British physicist and engi-
' meer.) An index of similarity used in the analysis
of the fluid flow about scale models in wind tun.
nel tests to determine the rasults to be expeeted
of the flow about full-scale models. The Reynolds
number is expressed in & fraction, the numerstor
consisting of the density of the fluid multiplied
. by its veloeity and by a linear dimenuion of the
‘body (as for example its diametsr), the de-
‘nominator consisting of the ecoefficients of v-
cosity of the fluid (RE = ,V1/ ).
RMS error. 8sc: standard erver.
rechet moter. A nomairbresthing resctica propul-
sion deviee that coovsists emsemtially of a fuel
chambér(s) and exhaust weazle(s), and that car
vies its own solid oxidiser-feal sombination from
which hot gasss are generated by ssmbmtion and
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expanded through a nozzle(s). (If the fuel is
liguid the device ix called a *‘rocket engine.”’)
roll. An angular displacement about the longi-
tudinal axis of a projectile.
roll rate. The time rate of projectile rotation about
its longitudinal axis.

roll rate, nondimensiensl. The product of roll rate .

and a reference length, . for example & di-
ameter, divided by the airspeed (»=pd/V).
Usuully called *‘spin.”’

rolling moment. An aerodynsmic moment about
the longitudinal axis of a projectile, tending to
change the roll rate.

relling velecity. Angular velocity ; roll rate.

rest mesn square. The square root of the arith-
metical mean of the squares of a set of numerical
values.

retating band. Soft metal band around & projectile
near its base. The rotating band ecenters the
projectile and makes it fit tightly in the bore,
thus preventing the escape of gas, aud by en-
gaging the rifling gives the projectile its spin.

round (of ammunition). 1. Short for complete
reuad, which see. 2. A shot fired from a weapon.

_mkdeet. An effect in fluid flow that resuits

from changing the scale but not the shape of a
body around which the flow patses. Reymolds
number is useful in the amemsment of scale effect.

schlieren. 1. Gradients or varistions in gas denaity.
from the German word. 2. An optical system
which either cuts off .or passes a large change in
light intensity, owing to the slight refraction of
the light pwwing through the gas. This phe-
nomenon ix often used to make turbulence and
shock waves visible by photographic means:
hence, ‘‘schlieren phoiographs.”’

sectional density. The rutio of the weight of a pro-
jectile to the square of its diameter. A measure
of the mass per unit of frontal ares. aud there-
fore of the deceleration due to drag.

sensitivity facter. The percent change in rangs (or
defiection) produced by a one pereent change in &
parameter affecting range (or deflection), such
s mussle velotity or initisl yawing velosity.
Alno called *‘differential coeficient.”’ Hes: dif-
fovential effects.

AMCI T06-242
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ssparation. /. The phenomenon.m which the bound-
ary layer of the flow over a body placed in a mov-
ing stream of fluid (or moving through the fluid)
separates from the surfave of the body. 3. The
point on the body at wlkich the separation be-
gins. Also called **separation point.”

sstback acceleration. The peak acceleration ex-
perienced by the projectile during launching.
U'sually expressed in terms of the acceleraiion
due to gravity, e.g., ‘‘the setback acceleration
was 40000 2's"* or about 1,2864CD ft/sec?.

shock front, The outer side of a shock wave, at
which the prescure rises from sero up to its peak
value. Also called a *' pressure front.”

shock wave. 1. A boundary surface or line acroms
which a flow of air or other fluid, relative to a
body or projectile pasing through the air or
fluid, changes discontinuounsly in pressure, ve.
loeity, density, temperature and entropy within
an infinitesimal period of time. 2. Such a bound-
ary surface or line that comes into being when an
object moves at transonic or supersonic speeds.
3. Such a surface or line produced by the ex-
pansion of gases away from in explosion (or
‘through a nozzle).

shreud. A tubular section encireling the tips ot the
fins, and usually integral with the fina. The
shroud often forms a rear riding surface for the
projectile in the bore of the gun.

slug. The engineering unit of mam, chosen such
that a foree of one pound acting on a unit mass
will produce au accelerstion of one foot per
xecond per second. Sinee the weight of a4 body is
equal to the product of its mass and the accelera-
tion of gravity, the weight of a body having a
mass of one slug is 32.17 lbs (umkvelnﬁ'
latitude).

spas. The maximum dimension of an airfoil {e.g.,
a coplanar pair of fins) frowa tip to tip.

spark range. A firing range in which projectiles
in free flight can bo photographed by the light
from an eleetric spark which is triggered by
pamage of the projectile. Ses: ballistic range.

specific impulss. The total impulse produced by
burning a pound of rocket fuel. At constant
thrust and mass burning rate, the thrust pro-

e
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duced per unit of mass burniug rate, i.e., pounds
per lb/sec.

specific weight. Weight per unit volume.
spike. A subcali eylinder, often slightly tap-
ered, whiel replaces the ogive of a projectile,

increasing the drag but moving the center of
prewsure of the lift foree nearer the hawu of the
projectile.

spdn. Nee: roll rate, und!mul.

spin rate. See: roll rate.

spia stabilization. Method of stubilizing a projec-
tile during flight by causng it to rotate about its
own longitudinal axis.

spetting cherge. A small charge such as black
powder, in a projectile under test, to show the
loeation of its point of funetioning (usually its
point of impasct). '

square base.’ Descriptive of a projectilc with a
eylindrical base seetion, as opposed to a beattail,
which zee. Also called ‘‘flat bese.”

stability. A characteristic of a projectile that
causes it, if disturbed from ita eondition of
equilibrium or stead; flight, to return-to that
condition. ~.

stability factor, dymamic. A number related to the
yaw damping characteriatics of a projectile.

stability facter, gyroscepic. A wnmber relating ihe
angular momentum of & projeetile to the slope
of itx serodynaniie overturning moment. Louy
wwdd ax u sole criterion of projectile stzability amd
ealted simply the **stability fuctor,”" 5. A neeen.
sary, but not sufficient, eondition for stability i
that thix factor be greater than unity, or nega-
tive.

stability, stetic. Stability in the absence of spin.
In genersl, a mechaniam in atstically stable if
any displacement from a reat position crestes a
foree or moment opposing the displacement.

Standard Atmesphare. The standard atmosphere
for the United States Armed Services is the
U.8. Standard Atmosphere whieh ix that of
the International Civil Aviation Organisation
(ICAO). This standard atmosphere assumes a
ground premure of 760 mm of mercury (14.69
pai) and a ground temperature of 15°C (50°F).
The tempersture throughout the troposphere ex-

tendiui up to 11 kilometers (approx. 36,000 ft)
is given by:

T(°F) =59 — Q56 &
where & ix the heighf above sea level measured
in feet. lu the stratosphere, extending from 11
kilometers to 25 kilometers (approx. 82,000 ft)
the temperature i wsumed to be a eonstant
216.66"K (—69.7°F). Above the stratosphere
other luws are msuumed. Temnperature is signifi-
cant because the acoustie velocity in feet per
secowd in given by

Vo= 401 /460 +T Tin°F

standard deviation! In the fleld of testing, a mea-

sure of the deviation of the individua! values of
a seriex from their mean value. The standard

deviation of a sample in exprmed algebraically
by the formuls

e T

where ¥ means

tke sum of N individual squared differences, the
z; are the individual values, £ is the mean
(=X »//N), and N is the number of individuals

in the sample. The best estimate of ¢, the stan.
dard deviation of the lot from which the sample
wan drawn, ix obtaine! by multiplying the sample
value, 5, by \/NJ(N-1).

standard errer. The aquare root of the uverage of
the squares of all the errors. When error is
identified ss the difference between an obeerved
point and the meanx of the observations, standard
error becomen identical with the semple standard
deviation. [t might also ke ecalled the ‘‘BMS
error.”’

standard muzile velecity. Velocity at which a given
projectile is supposed to leave the musale of a
gun. The veloeity i calcnlated on the basis of
the partieular gun, the propelling charge used,
and the type of projectile. Piring tables are
besed on standard mussle veloeity.

standard prejectile. That projectile which & givan
gun was primarily designed to Ave.

static mement. An aerodynamic moment relsted
only to angle of yaw.

static premure. The pressure which is exerted by




Downloaded from http:/www.everyspec.com

4

GLOSSARY (cont’d)

a fluid at rest, or which would be indicat~d by
u gage placed in the stream and moving with
the same velocity as the stream. 1t in the prowure
arising {rom the random motions of the mole
cules .of the fluid, rather than their organized
motion in the direction of the flow.

steady state. The condition of 2 system which is
essentially constant after damping out imitial
transients or fluctuations.

sting. A rod or type of mounting attached to, and
extending backward from, a model, for conven-
ience of mounting when testing in a wind tunuel.

subsonic, Pertaining to relative mnotion between a
body and z surrounding fluid at a speed less than
the speed of sound in the same fluid.

‘summit of trajectory. Highest point that a pro-

jectile reaches in its flight.

swerving motion. In flight, the motion of tle cen-
ter of gravity of a projectile perpendicular to its
particle, or zero-lift, trajectory.

s;stem reliability. The probability that a system

will perform its specified task under stated tac-
Jieal and environmental conditions. This will in-
elvde accuracy.

T (vudseript). In aerodynamic data, relating to
tail alone configuration.

terminal velocity. I. The constant velocity of a
falling body attained when the resistance of air
or other ambient fluid has become equal to the
foree of gravity acting on the body. Sometimes
ealled ‘‘limiting velocity.”” 2. Velocity at end
of trajectory, i.e., impact velocity.

time of Sight. Elapeed time in seconds from the
instant a projectile leaves the gun until the
instant it strikes or bursts. .

telerance. The permissible difference betwecn the
two extremes in dimeusion, weight, strength or
other quality which will not canse rejection of
an item.

trajectory. The curve in space traced by the center
of gravity of the projectile.

transitien flow. A flow of fluid, about a body, that
is changing from laminar flow to turbusent flow.

transedic range. The range of speeds between the
speed at which one point on a body resches su-
personic speed (relative to the airfiow in the

vicinity of that point) and the speed at whish the
shock wave system i fully developed.
transomic speed. - A speed within the trsnsonic
transverse axis. [n a projectile, any axis normal

to the Jongitudinal axis and passing through t!u '

center of gravity.

trim. The equilibrium attitude of the longitudinal
axis of the projectile relative to the tangent to
the trajectory ; equilibrium yaw.

turbaleat flow. An unsteady flow characterized by
the super-position of repidly varying velocities
oun the main veloeity of Sow, in econtrast to the
smooth, steady lsminar flow in which velocity
varies with distance but only slowly with time.

twigt (of riftiag). Inclination of the spiral grooves .

of the rifling to the axis of the bore of the
weapon. It is expressed as the number of calibers
of length in which the rifling (ard therefore the
projectile) makes one ecomplete turn. A right
hand twist is such as to impart a right hand
(clockwise) rotation to the projectile when
viewed from the rear. Most U.8. guns have right
hand twist. -

utility. A numerical scale for comparing prefer-
ences between alternstives. Usually defined on
the interval 0, 1 because of its relation to prob-
ability.

vacuum trajectory. The path of a projectile sub-
ject only to gravity. A first approximation to the
trajectory of an actual projectile.

wector. 1. An entity which has both magnitude and
dirsetion, such as a foree or velocity. 2. In con-
nection with the yawing oscillations of projec-
tiles, the rotating arms whick can be used to rep-
resent the components of the yaw are ter.aed
modal vectors, which see.

welocity. Speed, or rate of motion, in a given di-
rection and in & given frame of reference. In
many contexts no distinetion in meaning is made
between speed and veloeity, the symbol V often
being used in equations in which the magnitude
of the veloeity, i.e., the speed, is the only attri-
bute of velocity which is being considered.

velecity head. Sec: dynamic pressure.

vincesity, coeficient of. The ratio of the shearing
strems t0 the velocity gradient in a boundary

-

-
! a9
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layer. Dependent on the fluid and oa its tem-
perature.
#oow 88 59° F =372 X 10~ 7 lb-sec/f1?

wake. The zone of turbulent flow behind the buf
of a projectile.

wash, The surge of disturbed air or other fluid
rexulting from the pawage of vomething through
the fluid. lncludu&ewakaudbowmdnde
waves.

wave, expansive. An oblique wave or zons set up.

in supersonic flow when the change in direetion
of the airfloy is such that the air tendr to Jeave
the new surface, such as flow around the junetgre
of a cylinder and a cone (2.g., at the forward
end of a boattail). This eondition is called *“Sow
around 3 corner.”’ The air after passing through
an expansive wave or sone has a lower density,
static presure, and freestream temperature and
has higher velocity and Mach number. Vigible
28 & darkened zone in schlieren photographs,

_ these waves are often ealled ‘‘expansion fans. "

wave leagth. 1. The distance truveled in one period
or eycle by a periodic disturbanee. 2. Of yaw
of a projectile, the distance traveled by the pro-
Jectile during one eyele of yaw.

yaw. 1. The angle betweer: the direction of motion
of & projectile und the direction of the longi-
tudinal axix of the projectile. 2. The oscillation

ul the direction of the longitudinal axis (as in.

*“wavelength of yaw'"). 3. To sequire an angle
of yaw: to oneillate in yaw.
yaw of reposs. That part of the equilibrium yaw
which in due to gravity.
yaw drag. Drag due to yaw.

yawing moment due to yawing. Term sometimes

‘used for the damping moment.

yawizg velocity. Time rate of change of yaw; the
(hnngtmybeaehngemmnmdeordlm
tion, or both.

zone charge. The number of increments of propol
Jant in a propellant charge of semifixed rotnds,
vorresponding to the intended zone of fire.

sone of fire. The range interval which ean be eov-
vred by a round containing & given number of in-
crement.. of propellant, i.e., the esvercge obtoin-
able by changing quadrant elevation at s conatant
muzzle valocity.

uud ammunition. Semifixed or lopante loading
ammunition in whick provision is male for add-
ing or removing propellant inerements.
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= ' SAMPLE SPIN-STABILIZED PROJECTILE
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‘ : APPERYDIX I S
CALCULATIOR OF C. G. AND RADIUS OF GYRATION

Approzinate fermulas for high explosive pro-
Jectiles are presented by Hitcheoek ia BRL Repert
620 (Ref. 81).

H
Xeo = 0.375-" :
b, = 0.140
2\3
P.:m-{-M(-")

where Xo i the distance from the base of the

. prnjretibbium«ndmvit;,iun&ha,.‘

l/d m the farwem ~atip of the projoctile.

a. Alternate Mcthed :

T R

Mrthod* fare Appendix Vi) sre:
Xeo =15
f".:&l_‘s
P;:lm .

b Hitcheock Method:

By Mit-heark’s formaiss, we would gut

Xew - 0275 x 410 = 164
 K.=01e0

F, = 0070 + 00654 (4.37)* =131

@
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: APPENDIX I
GYROSCOPIC STABILITY ESTIMATES

A. SPINSTABILIZED PROJECTILE WITE
BOATTAIL

. The following is a sample calculation for a
- spinstabilised projectile with boattail, using the
methods of Wood (Ref. 21) and Simmuns (Ref.
20} 1o estimate the normsl foree and static mo
ment coeficients. The geomeiric and mass charac-
teristies of *he projectile are given ia Appendix I.

Efiective Base Diameter:

4,-\/&2'3_

where d = Rear body diam. = 4.98” (0.415 ft)
dy = Base diam. - 432"

d, = / 21.7314 = 468

Eficctive Base prea:

S = 784d
-.7856(4.66)'-17.&4'\-_’

PFroatal Area:

N = T84 :
= 7854 (4.96)* = 19.4782 n*

B_inhmm

Se . 17.0554 0.5756

s Tisama 0

Volume of Projectile (including boattail bouadary

layer): , 4

Vs = 303.5412 in® (see ealoulation below)

AR
4 3 2 gl
-~ O.ﬂ-—
0.”+ ‘.“ Jr Z.N e——
4.18
Oimensions in caliders 1 cal = 4.98°
Sochon Celoviations Volime, in*
1 218 (4.125) [(I00)* 4 (300) (.58) -4 (.56)%) 11.837¢
s Prom Harverd Tadien Caloulstions® 228140
3 7064 (5.282) (4.98)" = 163.2080
4 2818 (250) [ (4.98)? 4 (4.98) (4.68) ) (4.08)%) 45.63%

® Referense Appondia VII.

¥, == Total Brandery layer Volume = 308.5412
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AMCP 708-342

APPRYEDIX I (cont’d)

Mran Finenem: Rats.:
v 35412
x; T (19.47Q2) (4.9%) 3%
Dricrmination of /, sad h:
(See graph Appeadiz 1Y)
At supersonsc speed:
VJsd

S ) w0143 and
e~
~ 1
- 185
S
S jym 11987 ead o = 1.2300

Nonaal Pores Coefliciont :
Cn, » (2%—‘- + J)In

- {3(8758) + 5] (1.19KR7)
- 2.70 rad!
Moment ( cefficient (sbowt base)
Cu, = (ze-',i"-)/.-[zam]ﬂ.m)
= 7.20 rnd*
Contor of Prassure:

C
[ & -z;.":'- 283 caliboss frem base

Conter of Gienvity (frum Appradix 1):
€. 6. - 152 ealibern from haer
CP CG » RS — 152 = 133 calibeen

siatic Moment Cosflicient:
Cu, = Cx, (C.P. - C.0)
= (270) (133) = 358

Gyroscopic Stabitity Factor, &:
Velodity: Vel = 1925 {ps
Twint: s = 28 calibers per tura
Spinrate: p = 165 e
= 1040 rad par res
Max body diam: d = 0415 N2

Air density: p = C.002378 shag/Rt®

131, ~ C.0000 dug-ft*
szl VCy,

s

N GO ) GRS )
&)

=10
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APPENDIX IlI (camt'd)
GYROSCOFPICSTABILITY ESTIMATES

B. SPIN-STABILIZED PROJECTILE
WITHOJT BOAZTAIL (FLAT BASE)

A-neeulyehngefm-pmempbn
in volame and . G. location.
New volume: V' = 306.5412 in.3

Hein Fineness Ratio:
‘ . m 5412
(l9 (04782} (4.98) (4.98)

- 31608

IWW d/; [y atd fr: (New graph Appenchix 1Y)

V"' _—'- -
NeVimg— -0MiuM =172

= gt
\'ﬁ-.o.laud =1 .14
sf = L300 sad fo = 12237
Normal Foroe Coefficiens
F=(3% 42} whewsie

- lzu.:) + 8] (1.500)
= 5.00 rad"*
Moment Coe. ' . (about base):
Cu, = (zg-‘-)y.' = 6.3216 (1.3337)
- 7.90 rad*

Center of Pressure:

. C
CP = c:' = 200 calibers from base

Center of Gravity: C. G. -mloaudl 50
catbers from base

C.P. - C.G =260 — 150 = 110 calibers
Static Momeat Cocfficieny :
= Cn, (C.P. - C.G)

= (3.00) (1.10} = 3.0

Gyroscopie Stability Factor, &

Ninee the p-nnem—Vd, .,
l’/l.—m the same as the W part A:

. with boattail )
T, witaout bosttail

ig - 162

, = 149

-uo(

Conclusion : Elimirsting the boatiail hes inereassd
the gyroscopic stability factor (but aleo inerensed
the sevo-yaw deag eoediicicat). '
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mxnix v
COMPARISON OF ESTIMATES OF
BALLISTIC PARAMETERS BY VARIOUS METHODS

For comparison with the other sstimates, eal-
eulations by Hiteheoek'’s method, BRL Repert 630
(Ret. n).ummmunm»
pendiz 1. are premented below:

s (boattail angle) =175 degrem
p(h‘mil leagth) = 05 calibers
¢ (eylindrical body length) = 168 eglibers

d (ogival head leagth) = 200 ealibers
e (radimn of agival are) = 5.12 ealibers
' 10/e = 1983

Nurme! lm(u.an( (.acl.t.c.‘.n.d-

——— -

sheve)

x.=m+m—m~m+
26554 4 G478 (1.0/s)

K, = 82 4 1673 — W70 — 2039 4 270
+ 1288

provmpe SRR I VRS LS e

=11
a= 1

"g. t-—3

" |‘I

K, = 2.96 (v 270 by Wead 's method)

enter of Premure:

A= 0747 + O43e + 1019 4 9032 4
2455¢ 4 5083 (1.0/¢)

A= 07 + X123 4 5085 4 1.049¢ 4 4918
+.1579

& =231 calibers from the baw (nwby
Wend 's methed)

ﬁimimuhmﬁn
average. Whilr Hitchesck’s extimates are very
mood for projectiles which be within the range
of hin ezperimental datx, the Weed-Simmony esti-
mates will in general be more relisble.
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APPENDIX IV (cont’d)

\’. . —011; % %: ,.l%;“H.W"“”‘.‘.."..'.“ .,.‘, .'.. o ,.,...,..,',l”' n
T v -+ "
.20 §eaasss EMlelCAL MULT‘PL\’ING..EACTORS 0
“UHE 52 CUFOR T ,
; B st =oacs ‘AND MOMENT- cosmaen
| 4 b
| e SO0 ; et
" : 1 I
| v ’ :ﬁ 3 ‘f‘f'z ; + ..'I :
1 SR T o et
| ittt ert S ANyt 444 p o i ! . t
e —r 1 : r+Hrre v v +
| T —e — e ¥ Y
i | S 2 = ‘ ;
T + y > 2 T fsas
.. : :‘ : T .{'4-0“:‘0{ 1 o + - ; v - 1 + ¥ 1 5
e 2 S SOy surd 5 re ;
- e > : : T 1
b s ;Y < 4 . 4
> + + s Y;
< ri4e * T e - -
e R S , 2
- et b v T
ns : - : + ‘LL + 1JY T +
T o8¢ - X tr s Y
e, ; e :
! porm & + b4 141 4 t
s : 11 + 44 -
K ‘: . . '0
. : - ) + i f
b M . ° re ye L
e S
b
=t s JER48L. L 38852
! 3
- - <
+ > >0 8w
) T 184
+ (41 .
_ : Eyiff 2
2
0 R 05
‘ t 535 Lindl : Y
s X
1
* T
+
| Wi R
- ml i
0 lllllh $ Q

.0 .3
Taken from
RMWood BRL MR 854 (ref. 2!) ' A1
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' APPENDIX V
DYNAMIC STABILITY ESTIMATE

Problm: To determine %, The projectile will
o stable if:
%’ <2, (20 — &) (Ref. par. 5-2.4.21)

'CL. + &3 (,.!.)

Formula: &4, = 6= + 7 Cx, + Cu)

Duts: For pretutyps projectile (Appendix ).
Cs, = 270 rad”
Mach = 1.72
w = 46.08
d = 04151t
I, = 0.0359 slug-f*
I.-ww-h'
| wnd®
k- 'E‘ T
. (415
323 ( '

H. -—-7-

"(Ei' ‘22) -om

Since aur projectile has the same ballistic shape
as projectile, 90-mm, HE, M71, the ballistic coefli-
cients for the 90-mm proj ot Mach = 172
wref. Appendix VIII-E) may be used, nasmely:

C:,..m
Cu,+Cu, = ~ 90
- Cp w023

z(zm + 6.94 (.20)] 8.4
M=25%0-03 - am(—u) 10.787
- Q7%

From Appeadix 'II-A: s, = 140
.1 1
= "ie oM
a, (20 — &) = 0756 (20 - 0.756) = 0.9¢
Coochusion: Projectile is stable sines:
1< 6,39 + a),in:

-
0671 < 0.9
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APPENDIX VI
STATIC STABILITY ESTIMATE OF A S-INCH
FIN-STABILIZED PROJECTILE
Probleas : Determine ponnal foeee and center of Nolving by Simmone’ Tables:
e of the body shone, and nornad fores and ¢ w290 (for 6 ‘I T -r“"
center of presare of the tail adobe in onder to r ‘Lw (for 6 pe ﬁntu)
solve for static stability: €, = Cep (0.74) = 1628 (body intesference
L O P = €G> 05 caliber factor = 0.74)
: Cxp = Cp (1.80) = 2.930¢ (allowance for end
Salution: plates and shroud = 1.80)
(1) Body alone coefficients at subsonic muzzle O P. et = 0.60 caliber from hase of fins
velocits
Data: The effective base are:, 3i, and total
houndary layer volume are determined in a @ Sutncl WIR?(' LC. };‘{2 C.G | >, 0. 5
manper similur to that shown in Appendix 111-A. _ (Ref. par. ):
?‘ - 2.672“?6 - 5" Data: From parts (1) & (2):
’\ - gﬁ(zm)’-smmm’ ) a.,-l.(f):::;c;.l::ouudomdibm
T = 7854 (5 = 19.635 C'ep = 2004 at 8 C. P. located 0.60 ealiher
Nd o= 3(‘).7&.2d = 19.635 (5) from base of fins
Ve = 4K70151 is O, = Cug + Cuy = 4.0014 rad”
¥ - %7.0151 Pp— €. ;. = 3.68 calibers from baae of fina
T eR7s * €. Py = C.6) = 92 ~ 368 = 558 cali som
Solving by Simmons’ Equations Ref. 20: . ry :‘Lb:') = 060 - 368 = — 3.08
Cuy = 2 (%') +035
5.6074\ Solving (ref. pzr. 5-3.1):
- Qe 03 = 1071 —_—
:?.eas) M oS, Cu, = Cup(C.P.,~C.C) +
Cup=2 .e) -2 (!___1_ Cug (C. Py — C.G)
. - (Sd 98.178 ) . Cx,
% 9.9212 (.P.-C.G.-r-
e o Cxe oo 2
Py = ™ 01 _ (LO71) (5.58) + (2.9904) (~ 3.08)
= 9.28 calibers from base of fins 30494 4.0014
. . - - = — 078
(2) Tail alone coeficients at subsonic velocitics: ~ 40014 ‘
" Data: jC.P. = C.G.| = 0.76 caliber
vffective tail length: | = 3.0”
fuspan: S = 5.0”
eYective bese diameter: d, = 2.67” Conclusion: Static stability seems adequate since
la i- e P - C.6-1>08,in
3 06 and 0.53 078 > ’
A®
- i sty e sl st
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APPENDIX VII
PROJECTILE GEOMETRY

The design parcmetsrs related only to the
materials and gesmetry of the projustile are:

Weight :

Csnter of gravity losation

Azxial and transverne momenta of .nertia

Methads of Computation:
1. Mechanical Integratoe (Ref. 95):
a. A scals Grawing » made of the part or as-
sembly. -
(1) Dimensions in the z direction o not
altered v
(2) Dimensiums in the y direction are al-
tered by lotting y: = 9*/3
b The drawing is traverssd by the me-
chanieal integrstor (a form of planim-
oter).
¢. Dial indicators provide aumbers, relative
te the tramsformed plane aress.

BRI > AL £ o 1

d. Bquations comvert dial readings to
weipht, esnter of gravity, and moments
of inertia of nelids of re~ lution. ’

2 Harvard Tablen—Standard Method (Bef. -

9):

" a. Analyst works from dimensidoned skatehes,
or drawings, to evaluate weight, cg., and
mements of inertia.

b. Tables provide expodient method to sup-
ploment standerd equations for solids of
tats .

3 Alternste Method: Asalyst usss varistions
“of formuiss for limited mumber of solid
shapes, and simplifies semmary of parts and

4. Computer (Rel. 98): The weight, ircation
of eenter of gravity, volume, pelar moment
of imertia, transverse moment of imertia aad
total moment of imertia eam be oltaized
through uee of a digital elestronie compuisr.

7
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APPENEIX VIIl—A

AMCP1706-242

30-MM HEI PROJECTILE, T306E10 -
nm-pds) E. T. Roecker and E. D. Boyer REPORT BRL MR 1098
- DATE 1957
N TYPE OF TEST Free flight
. __0.56
t—"” i Mzzle {:!w'y Naziable .
T in role, fpe  _Vaziable
o d ft 0.098
) { 3 v, red/cal 0.38
Armung boll
. palor
- Dimensions, calibers
‘6 .
J1! N
A 3L
¢ cu..z -
%,01 %.05 ﬁ'ﬂv.
1
a il 0
33 1.0 1.5 2.0 2. SI0 1.5 Z0¢e.
Moch Moch Ne.
c.g. location from boss,calibers _1.33 [ shg-h? I,,:'ug-h’
k cal _0.372 k.col 0.845
: . o 1
T Transonic :
N Subsonic Peck Supersonic Comments
M ;0.6 0.9 "2.0
C...
C. 1.7 2.120.2 2.440.2
C.. 1.9 2.3¢.05 1.54.05
C.:—q“ -3.51.0 Without arming ball rotor
2
Coraleso ~0.1340.10 {i‘? :’"‘" l:'f R
Cb |
ep 2.3 2.35.05 1.854.05 calibers from bass
0. . S.bat 1 Computed for standard 1:25 twiet (»a 0, 25) '
¢ ) ' 0.5¢0. . Without armiag ball roter sad at small yaw
. 4 ) (&(20) .
-~
W) |
. . STABLE at smull yaws w/e armisg ball
* rotor. Usually UNSTABLE with
srming ball rotor
A-1l
A
N
7,




Downloaded from http://www.everyspec.com

}"
,’/

' |  APrENDIX VU8 | o
AMCP 706-242. - 20-MM HE{ PROJECTILE, T282E!1 ' T
AUTHOR(S) E. D. Boyer . REPORT BRL MR 813 (Ref. 78); ®RL MR 916
- DATE 1954 _ 1955 ~
TYPE OF TEST  Free flight /
' B8z —) Weight b __0.216
: Muazle fVelocity,fps  Variable
- i Variabla~
< T e Yeimi
e d 0,0688
Arervng ball reter v, rod/cal 0.209 or 0.251
1108 |- .
Dimensions, calibers
4
[ T
c .
20.01° r\' 0.1 "
.z l
1 r 4 3 . ' [ -
c.g- location from bass,colibers _1.57 I‘,alug-ﬂ’iﬁ"_lL. I’,“-ﬁ’_zq_.u 10-6
' kol | 2370 "ra 1.015
Joonecnic.
0.98 . 1.18 2.4 o
6.6 (estimated) 5.341.0 1.4E Mg 3.6
1.980.1 2.080.1 2.6a0.2 Cx. - o,
) see curve
-4.840.6  -7.580.6 -3.8al.1 {-o.uo.:o Ms 3.5
~4.360.3@ M= 3.5 w/o arming ball rotor

| <0.2040.04 0.0743,04  0.1640.07
" Not measured; assumed to be 0.0l in emwuu
z.uo.bs 2.704.08 2.2%.05  calbers from base
175,06 1.85.07  2.6a.12 - -
0.156.12  0.58s.10 1.2%s.10

002“0” 0..“.0‘ o.’h.os

0.57s.02 0.54¢.02 0.384.02 For large yaw (§4 43°) firings at M= 2.3
UNSTABLE STABLE STABLE see E.T. Roecker, BRL MR R88, 1948,

{

@ 7
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APPENDIX VIII—C AMCP 706-242
DRAG VS TRUNCATION: CONICAL HEADS

. AUTHOR(S) A. C. Charters and H. Stein  REPORT  BRL R 624
\— - DATE 1952
TYPE OF TEST Free flight

'.;:‘_‘4-.0 D | Mb {;‘Mfﬁ F——

¥ 0.0655
10 ,,d/,,; 0.25
X ]
lﬂknlnw T g
Dimensions, calibers
__Mcdplat area,
Type sq. cal
5 L3p
.e "
< J 14 - C
| | 34 L0 M
4 {- 'gl’-
.2
0 2
1.4 1.6 2.0 2.4 2.8 |
Mcch No. Mach No.

e.g. location from base,colibers 'L,nhg-&’ Ier_____
’ kc“" —_— k,, cal
Type | Type 2 Type 3 Type 4 Type §

oy S.421.0 ° 3.6s1.2 2,0 approx. 1.0 approx. O approx. About 10 rounds
. ' of sack typs.

A-18

R o R s e T T

e v —

P - : ; W i oA il
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AMCP 706-242 APPENDIX VI
| 275-58CH ROCKET, TI3)
AUTHOR(S) L. C. MacAllister and ~ REPORT  BRL MR 948 .
W. K. Rogars DATE 1955 .

TYPEOF TEST  Free flight
INERT ROCKET

. X 5.3
1 I Muzzle iy, Varisble
I “6 B R ir 'd:'“,p Variable
I b 2
-o -
‘Dim-miom',edibon
o‘—' - 4 :
:.OICD.‘ 9.,
. 3.0 . l
T 102 ‘ 6 .6 1.0 1.2
Mach No. Mach No.
c.g. loonton from Lose,colibers 1.77s.01 LM’ .00123 I,,nhg-ﬁ’-““s
"a“" 0,376 k,, cal 1,19 i
Comments
M 0.85 1.0 1.15
Cor 5.8 approx. At all 3 Mach nos.
C. | 1.956.05  2.06.05 - . 2.04.08
Cue 3.156.05  3.45%.08 3.4520.1
C,:CN -4.5¢0.5  -7.541.0  -l082
G <0.23£0.1 -0.2340.1  -0.0740.07
N
cp ' colbers from base
s"
s"° .
W)
aodee o
A-l4 ;
N
249 .
A e v o 2T
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APPENDIX VIII—E : AMCP 706-242
90-MM HE PROJECTILE, M7 v
AUTHOR(S) E. D. Boyer REPORT ~ BRL MR 1475 (Ref. 79)
A\ : . DATE 1963 '

TYPE OF TEST Free flight

o Weightlb  _23.41
pe 6
l ' |7 Mozzle gVebeayfpt 2200 | o
R3 %lﬂ rate, rps &85y
°9 0.295
1| : 'y, rod/eal  0:196 -
. P dosh »
Dimansions, calibers
) £.08
except
%,005 . as
¢ shown -6
C°° C"- Htis a'aHQ-fa Jserferin
X - 4
™ oy
.2 2.
: : .0
%03 1.0 1520 2. 0 0.5 1.0 1.5 £.0 &.°
c.g- location from base,colibers __1:66 I,,M—f"—-——-—_°_'°°°7 Iy,iha-ﬂ’.__.__m”” —
. ' 0. 1.135
. . kycal  0:389 ko 1135
\./ Tramonic . '
Subsons " Peo s . } c ;
M 0.8 0.95 1.8 2.4 .
Cw 5.53%.15 |5.174.05
C. 1.540,15  1.420.5 2.35£0.05}2.5520. 05
Ce 4.0%0.08  4.740.5% 3.55*0.08] 3.30%0.08 Jindependent of yaw except in
’ : interval stated
-6kl 7. . I . 5% ® = =8,5&2,
C”.‘~n-<:“6 ~7.541 9% r8.541 At M u»sc:M‘l Mo 5.542,5

f

-0.260.15  40.240.15  40.200.05| 40.240.05 At M =« 1.05 C. = 020.2

Mes
c'
. .
- cp 4.080.2  4.2540.25  2.840.15 | 2.740.15  calibers from base
5 1.074.02  0.924.10 1.204.03 .30x.03 ‘
' 25 cal/turn (¥ = 0,251) stabilizes
“gz-&) 0.0%%-72 4 29421 0.954.05 [0.974.03  Projectile over whole Mach ao.
, ~1.26 range.
1 0.934.02  1.10s.12 0.834.02 [p.774.02 '
3’  UNSTABLE METASTABLE STABLE| STABLE g ‘
( ¢ Strongly dependeat cn yaw whea 0.936 M 0.98; Cpgg % 5.2 ~ 104, N A-15
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AMCP 706-242

AUTHORIS) E. T. Roscker; E. D. Boyer

APPENDIX VIII-¥
105-MM HE PROJECTILE, Mt (MODIFIED)*

REPORT BRL MR 929 (Ref. 85); BRL MR 1144 :

DATE 1955 1958 ~
TYPE OF TEST Free flight Free flight

Weight, Ib 32,12

pr. 1510
inrate,fps 220

}
| Muazle

7 2 {sp.
-

0.34¢

v, rod/col 9313 gt mussle

292 | o kos Rifling twist 20 cal/turn
Do 03 d.l
.6 6
t.OlC"- | - lcl.
.4 - -1 ¢
o2} 2
L
°  § 4 E o) 2
Mach :
c.g. locotion from bosa,calibers _1-74 Liq-ﬁ’ 0,017 I’.M’_:____° 157
k eol 0.380 k. cal 1.185
. o t
Transonic . ~A
Subsonic Peck Supersonic Comments
M 0.7 0.95 1.35 )
120, 8.1a2.0
Cw 6 L
C. 1.640.2 2.0 1.9
C.. 3.840.1 4.9%0.13 3.8520.05
Cu#G, -7-6a3.0 (12.743.5  -6.940.7 {Varies markedly with yaw at subscnic and
M : transonic ‘speeds
Cone -0.340.25 0.5580.07  0.0340.0%5
C" Roecker Boysr
cp 3.940.2 4.560.2 3.4 calbers from base
loccion .
t‘ 2.680.15% 2.1%0.1 2.7 Subsonically, Cun and c‘o vary markedly
: with yaw. Projectile is dynamically unstable
R 0.1540.47  0.94e0.14  0.6300.16 [ L ey .
ggz-%) 0.28*%:57 0.98e0.02  0.850.12
=l 0.3880.02 0.4720.02 0.7

'C See comment

STABLEL

STABLE

A-16¢The cylindrical body diameter was uadercut by .03 iach %o increase the e,

702
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~ "APPENDIX VIll-G AMCP 706-242
, 49-CALIBER PROJECTILE AT TRANSOKIC SPEEDS
AUTHOR(S) L. E. Schmidt REPORT BRL MR 824
: - DATE 1954
T ' TYPE OF TEST  Free fight
42.5
{ " —110% Muzzle {sp Varishle
: 048 ' in rch rps  Maciable
F < 10 u : 0.341 __ -
"u_ \ 7,, md/cul 70,314
288 — TGSk

Dimensions, calibers
06
C ' C
£,005 Do : £.05 Ma
2 -J/ 4 o
0 3 ,
0 0.5 1.0 1.5.2.0 0 0.5 1.0 1.5 2.0 .
Mach Neo. Much No. ',‘
. ¢.g location from bon,co!ibm a2 ] gk P U
' . k cal 0.345 k ool  0:975
: ) o S —
\ Tronsonic
Subsonic _Peak Supersonic Commenis
M 0.83 1.03 1.3 :
Cw . 6. ! (estimated) Used over whole Mach no. range
Ce 2.320.1 2.120.1
- f.y.u 4.74.04 4.72,04
-1.840.8  -5.0%1.2  -3.5
CudSe
C -0.4%,05  -0.120.1 -0.05
c,
ep 3.040.1 3,040.1 3.080.1 cakbers from bave
location
% 3.180.1 - 3.080.1 3,080.1
‘d .°¢6h°.“ 0.4&0.30 0171 \
Y
m) -l,?*l.‘ 0. “ 00‘3 0092
b 0.324.00  0.334.01  0.334.01

T .' UNSTABH METASTABLE STABLE
\I ’ ~~—

<

A-17
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h muon Vil}~3
A.MCP 706-242 m-n BE PROJ ECTILE, T91
AUTHOHS) L. C. Mackilister, ~ REPORT ‘BRL MR 990 (Ref. 83 ,‘
' DATE - 1956 "‘\/
: "’E“TEST' Free flight

[ - 495 - - o ' 18,1;4

| | Mvn'- V-bayh Variable

mﬂﬂ) : in role,rps _Variable

. dh _0.292
e 2oe =1 ..m-,L v, rodscdl .25
Dnmom edlhon
r sd.os
4 . except
. as
co' - . not_ed C‘“ -i '-2
t0.00S.‘ g, | : 4+ d\
.2 2 -
Y v v b r e e v
Mach Na. - Mach Ne.
c.g. locotion from bose,cckbers _1.95 [ ohg-f? 0.0068 I’,M’ 0.0645
k col 0.370 k. col .14
T . @ — y

0.7 095 . 1.8

Valuse shown are for tracer aoct

M
Con

ignited. With tracer ignited, C D,
C“ . 2.180,2 z.n.o.z ' 2.1a0,1 ‘ is Siced '“. C“‘hm
cl-

ehln.od very much; dynsmic

stability is improved.
CJlGy 1811 sals - e6.541.0
g~ -1.080.15 -0.920.3 «0.220.15
C,}

ep 3.654.05  3.354.15  3.554.05  calbers from bose

t° A Coefficients vary with yaw,
. See BRL TN 1119 (Ref. 84) for
) ) data ou variation.
4o e ,
”o(:.‘o) : Tracer off--UNSTABLE st all
_ Mach nos. tested (0.68 M < 2.9)
1 _ T - _ Tracer oa--UNSTABLE 0.6<M4£1.6;
* : ) ﬂuu above M s 1.6,
A-18 '
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APPENDIX Viii—1 AMCP 708-242
EFFECTS OF HEAD SHAPE VARIATION
AUTHOR(S) E. R. Dickinson REPORT BRL MR 838 (Ref. 24)
~ DATE 1954
TYPE OF TEST Frec flight
Weight, Ib
- Velocity, fps 2720
i inrate, s —
M= 2.44 d ft 0416
- | 2506 5
S Y]
¥ 1F
f—2.92 — ossbsl
Dirnaend "
- e.g locotion from base,colibers _various o
R 9.4 14.20 18.94 37.88 © . colibens
R/RT 1.0 1.5 2.0 4.0 @(cone)
C,b .2352.007 .2104.006  .2054.005 .2104.005 .2172.005 Cpq = 10.0 for
A\ all types
<. 2.860.1 . 2.740.1 2.6540.1  2.5540.1 2.540.1 All values are
at M= 2,44
R ko 3-05.05  2.934.05 2.826.03  2.714.03 2.574.05  colibers from base
R‘l‘ is the radius of a tangent ogive, in calibers.
For this projectile R,r = 9.47 calibers.
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AMCP 706-242  APIRNDIX VID-]
: 120-MM HE PROJECTILE, M73
AUTHOR(S) H. P. Hitchcock - REPORT BRL R 569
- ' . DATE 1945 ,
' TYPE OF TEST Free Fiight
le——— 5.09 ___.1 s WeighiIb 50 (approx.)
f— 245 —! A Muzzle {sv;'bci'y.fu 010
' ' Llo ra in rote, rps ~&56
» d, 0.392
bresd % sk v, rod/eal  Z0.200
: oS © M.T. M6l Fuse
Dimensions, calibers ‘
Computed
{from C'Z
., drag
C;: , ; ‘function q"
.4 Form factor
2 \ﬁ- ' = 0,89
o 1 2 3
' Mach No. Mach No.
c.g. location from bose,calibers . Lskg-h’ Ir:bg-ﬂ’
Tronsonic
Subsonic Pock Supersonic Comments
M 1.250.17
ot
C.
Ce
€S
C - «0.01254.0008 Determined by averaging over
" ) time intervals as long as 60 sec.
cp calbers from bose
location
%
‘o
W)
.
%
A-20
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-

* Positive values of G #C,

are reported for 3 rounds.

2PPENDIX VIII—K AMC
_ . COXE CYLINDER MCP 706-242 )
.. AUTHORS) L. E. Schmidt REPORT BRL MR 759 (Ref. 52)
DATE 1954 ‘ ‘
TYPECF TEST  Free flight :
. } Type 21 - solid bronze :
: e 2.4 Weight b~ _0:382 .
298 —1 — Muzzle {Velocityfps  Variable : ;
537 . Spin rate, rps Mariable . §
- d. 6 (0655  20inm :
- v, rod/cal 0225
512 -l
Dimensions, calibers
. BRL MR 842~
c .
.00 (Ref. 25) G,
oW \
.2 >
0
3
Mach No. - Moch No.
c.g. location from base,calibers _1-65 L,M’______S-”*W"’ Iy,al:g-ﬂft’______57-w°'6
k eol .0.330 ko ool _1:06
) e t
Transonic
- Subsonic Supersonic
M 0.8 1.25 1.9 2.3
C,.,
Cha  2-380.06  2.640.06 2.720.1 2.920.06
Cu. 2.540,03 ©  2.7540.02 2.340.64 2.340.02
Q.:CN -0.323,18 -9.0 4.8 -6.0 (from cvrve)
-0.710.1 +0.25 40,05 0 (from curve)
C" | |
LGB . 2,74.05 2.754.08 2.5%.05 2.45 calibers from base
location ‘
'0 2.86 2.7% 3.2¢ 2.33
% | 0.87 0.87 0.68 ted
. from
uy) 0.98 0.98 " 0.90 corve
' data
B 0.36 0.31 0.43
% UNSTABLE STABLE STABLE STABLE

A2l
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AMCP 708-242 . APPEEDIX Vit

EFFECT OF BOATTAILING ON G, 4
AUTHOR(S) E. R. Dickineon = = REPORT BRI MR 842 (Ref, 2%) t
, DATE 1954 R,
TYPE OF TEST  Free flight ' o
‘ gy - PART |
‘ 298 2.4 ' Eifect of adding to length of
B LY s
9-,'—‘—. g variable "' projectile.and diminiahing
= L8 .88 ). s 7 the ares of the base, by .
: eebaheed _ "sddiag boattail,
J9 |e0 25 '
p | l”H'- d= 0417 £¢
Boattail - Square Base Boattail Length, calibers
. o CDO atM=1.2 . .
[ Ad 0.42 ‘
4 . 0.372 0.350 0.330
7018t : ©0.376  0.340  0.324
9 0.39 0.35 0.345e
) cbo at M= 1.8 ' '
[+ 2 0.32 : )
4° ' 288 0.2 0.28¢

]
7°15¢ 0.298  0.270  0.26:
e.31 © 0.27% .27
C. atM=z 2.4 °
. D, »
0° 0.26
0.254 0.220 0.220
7°18¢ 0.246 0.22 0.2
0.2% - 0.228 0, 22¢

The CD values shown were read from the curves in MR 842. The scatter
o

of the observations averaged about £0.005. Variatida in surface finisi, by
affecting the boundary layer trunsition, may account for much of the scatter.

*The 9°, 1.5 caliber boattail was a dynamically unstahle configuratica; these
data are for a 9°, 1.15 caliber boattail.
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APPEEDIX VII--L

EFFECT OF BOATTAILING ON C, (cont'd) AMCP 706-242
: AUTHOR(S) E. R. Dickinson REPORT BRL MR 842 {Re!. 25)
N DATE 1954

TYPE OF TEST Frec fight

PART U1

1 298 i‘ 2.4 —0{ Effect of increasing the length of the
A IR s 2 o boattail, and diminishing the area of
I K:ﬂ ? "?b\ —variable the base, while keeping the overall
. T . .
. 3 L - (Pusher length of the projectile constant.
sabot)
|slsls| 4= .0655 fr = 20mm
. D. 0 d'l
Boattail Square Base Boattail Length, calibers
Angle 0.5 1.0 1.5
Cp atMs 2.4 ‘
0° 0.256 ° .
Y : 0.243  0.224
7° 0.237 0.2i6 0.207
Cp atM = 3.2
. o
0° 0.208
4° ’ :
v 7 0.19» 6.179  0.169
C. atMs= 4.0
Do
' 1 0.172
‘.
7° 0.165% 0.151 0.144

The C,, values shown were read from the curves in MR 842. The scatter
of the cbaetvations averaged about $+0.003, )
Estimated effect of adding a driving daad {rotating ring) is to add 0,01, or

less , to the values shown assumiug that the band does not extend to within
less thaa 0.25 calibers of the batiaii.

$These values were read ircm an interpclated cucve,
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EPFECT OF BOATTAIL ON Ch ATNM =244 ‘ )
. AUTHOR(S) T. Hailperin  REPORT BRL MR 347 (Ref. 26) - {

DATE 1945 S \J

TYPE OF TEST Free flight

| 298 —ofe— 210 i
e T
k) T8 =
fo—3.ie ! C o
Dimensions, colibars
dz 0.0417 12
M= 2.44
. . Boattail ﬁ‘éh. calibers
Base Aria ' Square Base 8.5 1.5
- Froatal Ares 1.0 0.76 0.39
<p 0,263 g 0.248 ' 0.228
© ) %.027 ] %.004 ] 2,008 . :
CD"L . 6.7 - 8,1 . 4.5 '

AU
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APPENDIX vm—n

N 90.MM MODEL OF 175-MM PROJECTILE, T203 - AMCP706-242
_ AUTHORS) B. G. Karpov, K. S. Krial REPORT BRL MR 956
_— and B. Hull . DATE 1955
' | TYPE OF TEST  Free flight

ib 21.82

l——-ss—-l 'y Muzzle v.blgch;,(p. Variable

Spin rate, s _Variable

0.295 »
- “U.I95 (For standard 175mm
i I..z9.l .lu!. 'u. rad/eal | 7 ,::,-y = 0,314)
Dimensions, calibers
5
Co, SN
4 %.05 4
£.01 N 3
\}L 3
2
ARE 2
N E) R S S
. Maoch Neo. Mach Ne.
c.g. location from bose,colibers _1:94 [ shig-ft?_.0075 I’,ahg-ﬂ’________-os”
' : . ' 0.356 0.952
. kaeal SLLECLENEN WY R CL S
) Transonic Supersonic Comments
M 1.155  1.6% 2.6
Cor s 5.8 5.8
c. 1.42.08 3.04.05 3.58.05 -
C,. 4.752.05 4.3 3.7%
: .. -8.0 <6.74,35
cqck 7 8 s 6.74,3
0.284.15.  0.28 0.194.04
<y .
cp PR 3.28 2.95 calbers from bose
location .
% 1.48 1.6% 1.90 calculated withy = 0.314
.Qd‘ Projectile i; dynamically stable over ]
» - this range of Mach aumbers when fired :
M) from a gun with 1:20 twist (¥ = 0.314). -
-t
% s

A-25
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' : APPRNDIX VIII-—N
AMCP 708-242 (cmrd)
AUTHOR(S) B. G. Karpov, K. S. Krial REPORT  BRL MR 956 L/
and B, Hull DATE 1955

TYPE OF TEST  Free flight

21.21
Muzzle .d* "bp Variable

22 Spin role e e
|8 | v, rodlead  TTTET0.251
losos o

Dimensions, calibers

a.oxfn: : .05 S,

2
- .
2 4 ‘\ 1
0
F) o t 2 3
Mach No. Mach
c.g locotion from bose,calibers _1.85 L,M-h’_.mﬁ__ I’,lhrf"___.ﬁ___
0.340 1.065
k, col 3 k,, col 2
Supersonic Commenks
M 1.2 1.8 2.6
cw 5.8 | 5.8 5.8
C. 2.3 2.95 3.8
Cu. 3.0 . 3.1%.08 2.80.02
‘90’ ‘907 °ol .905
Cn:q“ %0, |
c... : 0.1s 0.18 0.164.05
%
ep 2.98 2.80 2.60 calbers from base
location '
% 2.37 2.30 2.52 calculated with¥ = 0.314
s . Projectile is dynamically stable over
‘0 this range of Mach aumbers when fired
”.(7.") from a gun with 1:20 twist (¥ = 0.314).
- |
%
A-28
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APPEXDIX VII—O ~ AMCP706-242
72-INCH SPINNER ROCKET, T% ‘

AUTHORS) T. Hailperin - - REPORT BRL R 572
- _ DATE 1945
TYPE OF TEST Free flight

" : o Woigi_it,lb —
658 | Muzzle {V'bcﬂy,fp‘ —rer—

ey | THL Spin rote,rps 227
% ' : d,ft (model) _0.6655
-8 . y,rodfeal 883

Dimensions, calibers
Cﬁa Jéa-.cozo J =1 '111 cn.
iy S
.2

¢.g. location from base, colibers __various. IX,M’ Ir,aiq-ﬂ’_.._____

' ke 0 k,col
T o 1

o . ronsonic

M ] 1.17 o
Con : - 9.420.5
ch' . . | 2.7a0.03

CM-

CdGu
G

C, ‘ © -0.025

p . \ '
ecp ) 3.84 - calibers from bose
locotion

s

.do\ ®

woy)

.

%

- A2T

o kil it
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AMCP 706-242 ' APPREDIX VIII-P
S.CALIBER A-N SPINNER ROCKET '(
AUTHOR'S) . u. Murphy and REPORT BRL R 876 (Ref. 49) g
L. E. Schmidt DATE 1953
TYPE OF TEST Free flight

" ’ Intermediate c.g. location :
H .lb Variable . !
_ , ‘-— 8.0 ey Muzzle W'fu Variable !
L ‘ . (¥} in rate, rps ar e
: : Lu l.obT d,h .
f " v, rad/cal
8.50R
v .
£ [ ¥
! | s
E .01 J cn.
i S| |
i .2
: !
é 0 P3 3
Moch Mo o Mach No. .
L c.g. locotion from boss,cclibers __1:9¢ Irubg-h Lo’
D 0.340 1.1 /.
. kcd — k"d _—9 T——
3 1.3 1.8 2.5

7.981.5 6.602.3 6.948.4

2.140.1  2.5a0.1 2.90.15

3.954.05 3.802.05 3.352.05

-13,5«1.5 -12.540.5 -11.5

0.434.06  0.192.08  0.19

~.013a,001 -.011%.001 -.010%.001

3.520.1 3.340.1 3.060.1 calibers from bese

«0.35 «0.30 =0.15 approximate

@ | Y,

et e SR EE
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. APPEIDIX VIII-—Q - AMCP 708-242
7.CALIBER A-& SPINNER ROCKET :

K AUTHORS) 1. E. Schmidt and REPORT BRL MR 775 (Re. 53)
. C. H. Murphy DATE 1954
: TYPE OF TEST Free flight
Type 2 model: intermediate c.g. location

it . ar ]
SP;:"”"'“ ,0655 = 20mm

12 H .
| il TR I
o]

108 d ——
_ v, rad/eal .63
\]
aso kY (Pusher sabot)
Dimensions, calibers
b 7
C C
Do Mo 2
#.002 0.1 6
' .2 s
4
) o 1 2 3 v
. Mach No. , Mach No.
c.g. location from base,calibers _2:96 L,M’_LM.QL Iy,ahy-&’._ﬁ.sxmi
k eal 0.364 k. eal © 1.48
AN . Transonic ‘ v ¥
Subsonic . _Peak =~ Supersonic Comments
M 0.8 1.01 1.28
6.681.3 7.1%0.8
Cn., |
C. 2.0£0.05 2.040.1 2.2
C.. | s.280.1 5.780.1 6.2
: -21sl -19s1 -25
CCa : |
«0.40%.05 «0.3520.1 +0.40 Change duc mainly o change in magnus c.p.
c, -0.0244.0005 -0.021.001 -0.019
<p 5. 4,05 5.354.05 5.3 calibers from bore
location
l‘ 6.0%6.1 5.680.1 5.0 *Moving the c.g. forward 0.8 calibers
makes this shape stable at Mach numbars
%, -0.26 -0.2040.13 0.78 greater than 0.9.
'&?1.’ -0.59 -0.4640,31  0.95
-l 0.7 0.18 0.20
% UNSTABLE UNSTABLE® STABLE

AD
N .
Z '

T R VSPRv .
- - - e e e A R e e s nek s
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l AMCP 706;242 | -‘ APPENDIX VIl—&

! : , 7-CALIBER A-N SPINNER ROCKET
AUTHOR(S) C. H. Murphy and REPORT BRL R 876 (Ref. 49) i )
L. E. Schmidt DATE 1953 ~
' TYPE OF TEST Free flight
L 1 Intermediate c.g. location
r 1 1y Waeight, Ib Variable
' 5 Muzzle (Velocityfps _Variable
- in robe,ps _VaFGETe
LQD *08 y I M ! ! !
- v, rod/eal
\ _
8% \
§ " Dimensions, calibers

+.01 CD‘ c“- }

) "] \b

.z

; o I 2z 3
: Mach No. Mach No.

c.g. locotion from base,colibers ___2.96 Irtluq-ﬂ’ I’,in-ﬁ’._______
' ’ k eal 0,345 k. eal 1.74
o —2— Ky,
Solid dural model <&
. Supersonic Comments
; M 1.3 1.8 2.5
] Cop ' 12.044.5 6.641.5 6.942.3
' : = a
Cs.k-. 2.240,.15 2.540.1 . 2.820,1 <,* ch' ot bé
M= 1.3 1.8 2.5
i Cuu 6.24.05 6.84.05 6.ex.05  O" s 26 110
: c -2640.5 «31.521.0 -3320.5
C.3C, .
C_'. 0.404.08 0.5040.12  0.704.05
c, <.0194.001  -.0164.001  -.014a.001
ep S.440.1 5.440.15 5.1520,05 calibers from base
bocation ,
Qe «0.50 -0.50 -0.40 approximate
. ,
do .
wy)
—te
% All test rounds were dynamically stable; s_21.5.
A0 s
Lo /

| % ek Nm 1 an s N el e om e a A Wt re ¥ e e e e s o B i oA
P . N .- . L e
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- FN’“’: —~

. ) ' APPENDIX vnf i } n
9-CALIBER A-N SPINNER ROCKET . AMc 706-242
N AUTHORS) . H. Murphy and REPORT BRL R 875 {Ret. 49)
. L. E. Schmidt DATE )
TYPE OF TEST  Free flight
: "‘l htern'xediae C.ge }ocation
ooy, e e
. <X ] jso  Muzzle |Velocity, fps T
1 inrate, rpe 0T
leoly foras o f —
A 7[, 'd’d com—— —
" \ 85OR. 4‘
Dimensions, colibers '
.6 : :
. =.015c0° : cl. '
) ' '
0 () 2
c.g locotion from base,colibers 3:95____ Ix,llug-&’____._ I,,ahp-ﬂ’_.
' ' 0.347 .30
‘ kyeal 2347 k.ol _230
AN Homogsneous models
M 1.3 1.8 ‘ 2,5
Cop 8.643.0  5.982.3  7.47.5 :
c . ‘ : , . c"“c“lﬂo"t‘t
L.k‘o 2.3 2.6 2.9 "' I-S "' .z‘ s
8,5 9.5 10.0 . 4% 13 %
Cue |aro " :' -89 -|sg - 142
. c“;q“ -5043 ~T204 -7448 cm‘ Cua \‘-o""‘
0.5 1.0 1.0 2
Cte |0 CrieasCrpcpero +408
C" -.0244.001 -.0212,001 ‘ -.018&.002
ep 7.058.05 7.1%.05 . T.140.1 cokbers from base
looation :
%
g 114  1.40 1.35
" ) 0.98 : Based on sero yaw values
&(z% -9 0.84 ) 0.88 |
"'.:" Dynamically stable (at sero yaw) at all 3 Mach nos. when s >1.2.
‘« ‘C"‘?CH& is also 2 function of yaw, incressing in magnituds. s . A
N\~ .
/72

B T L TR ISNEPNRSRON N PIL TSR WS A ey




Downloaded from http://www.everyspec.com

AMCP 708-242
AUTHOR(S) E. D. Buyer

APPERDIX VI8’

10-CALIBER CONE CYLINDER

REPORT BRL MR 1258 (Ref. 37) ‘ .
DATE . 1960 N
TYPE OF TEST Free flight

Forward c.g. configuration

' 0.0 ——— Weightb ~_0:535
Muzzie D fﬂ Variable
| 0 J : -nm".' Varlable
L et 4 LI d.ft " 0655 = 20mm
v, rad/cal  0.63
Pusher sabot
Dn - , ll ¢
TT' .
cl
D,
£.005 73 _ﬁ_:{‘ 0.2 e
.2 ’ 8 >
0 6
o 1 2 (N W
Mach No.

cg.lomtienﬁmbaq@bus_&]_-"l__

Trarsonic
Subsonic  _Peak

M 0.8

c“‘ 5.88

C. 2.320.15

C.. 7.8540.2

€t -425
<0.940.1

z:: beo -.032+,0003

cp 6.840.2

% 3.640.1 -

e -0,7540,23

%(z-‘a) «2.140.8

-

AR v 3’?.’.‘.‘.’ xl:f.m.r

le,bg-&’ 9.3310%" Nlo.rml 2.8x10~4

0.361 .98
kqenl k,, cal 19 Z
Supersonic Commenks
1.3
11,2 {estimated)
2.320.15 G - C,.
9.1520.2
:
4545 cﬂf‘ ‘cﬂn“-o’ sf‘ 80.
M= 0.8, bk a 250
-~0,440.1 M=1.3, b s 340
. PL
+,0274.0005%
7.000,2 cokbers from bose
3.0a0,05
=0.1340.15  calculated st sero yaw v
«0,3000.34
0.33
UNSTABLE
at small yaws

o

e i e R S e e . 0. S
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APPENDIX VII—T AMCP 706-242
105-MM HEEAT PROJECTILE, T171 (‘ODIFIED)* :

\ AUTHOR(S) M. J. Fiddington ~ REPORT BRL MR 1215 (Ref. 91)

DATE 1959
o " TYPE OF TEST Free flight

Weight,Ib 17.54

. 588 —f o N Variable

! o -t Muzz spv‘m:"m ~VaraEE

df 0.344

. | ‘.u.{ a9 3, rad/eal —

Six-finned, end-plated tail’

Dimensions, calibers
.6 “ -1
*°oosc?: . | sz.osci:.i 'L\
.2 -3
« <L
o o 1 2 o 1 2
. Moch No. Mach No.
cg locstion from bose, calibers 3.22 L‘Mz 0.0072 Irw'z 0.088
- k 0.341 k. cal 1.17
X fronoic gl ——— ke ———
" Subsonic | . Supersonic Commenty
cbﬁ
C. 2.520.2%) No significant 5 rounds
variation '
Cn Mach
‘ . .2847.5 » 14 rounds
C‘:c'“ aumber T
<, | |
cp calibers from bane

Static instability (C_, > 0) is to be
oxpocudnnboutu"-'z.

location
%
*do
u.(z_uo) The sise of the yaw for the rounds tested ranged from adout 0.3° to 4°. -
-
%

g > $)odified by eliminating the wreach slots in the forward section of the aose. A-S3
< » '
\-/

P L
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60-MM MORTAR PROJECTILE, T24 . ; ‘
- REPORT BRL MR 1020 (Ref. 87) <A
M) E. D. Boyer DT 1956
' TYPE OF TEST Free flight
lb 4 05
Mz Ts00
6.23 —‘1 o '“ ED“” than | rps)
’.‘o =5 bfins d'h _0.197
v, rad/cal
Le la.ol .8 | s.t.l
Di W |L|
¥
:
. G,
o‘ °
0.194%.002
lz
| f |
c.g locot m&” 3.8 I,,llvrﬁ' s.'mw—g NI:“_«: 93.5x10°4
‘ . 1.38 .
) s ko 2347 ked P 2
Subsonic Peck Supersonic Commeniy
M
Cop " 5.341.0
q 2.340.1 'cw- «“all
( ' .
c-. «2.120.05 c“‘.. =252 8
=20 (approx.)
cadbers from base .

(y“) Based o ¥ rounds with 20 fin cant, aad 7 rounds with the aft secticas of the

& fins canted. No appareat effect of caat (up to 4°) on drag, 1ift or pitching moment.
-l '

%

PR R T L
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APPRADIX VI~V - AMCP 706-242
_ w.".-n IORTAR. PROJBCTILE. TS3 :
AUTHOR(S) M. J. Piddington REPORT BRL MR 1354
A . . "DATE | = 1961
' TYPE OF TEST Free fQight
&-bladed 123] o lb . 23.35
Velocity, 925
. {%‘ﬂ mfpm Variabie
B _0.344
v, rad/col 0,08
. ¢ 0.13
. 0.16
< C
+.005 % Mo
: 175 M= lo.b2
2t
0 I
o 1 2 3 :
<. location from base,colibers Lobog-f? 0010 T sg-f? 0.253
0, 345 1.64
\ ] ka,cal . k,, cal
_ Tronsonic
M 0.82 )
cw 7+2
C, . 3.0=0.2 : - |
C..l. <3.5% 0.1 at vero spin CM‘ = C“‘,. - 4.2v
CIGy 5545 | _
c"‘l’ ~1.4% 0.3 at sero spin and yaw ch‘= C-M“l..-ZSv + 38'5 ‘.’
cb
ep caliber; from bose
focation = 0,08 s 0.16 '5"’: effective squared yaw
'g =0.045%.001 -0.1654.00% 3 For stability at nearly sero yaw, .
g ¥ should not exceed 0.11 (45 rps at
.do -2,254.43 -3.704.57 9 v = 901 fpe)
%(,."o) -9.7562.8  -21.445.4 s : .
’ : “ (Computed from coefficieats
- «22.200.% -6.0540.2 tabulated atove)
% stamLx UNSTABLE (but STABLE a¢ about & = .094 rad = 5.5°) A5
L

/R/

G LS, At s i sl - ¥ SO

e [P S v SR
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APPENDIX VIII—-W
AMCP 706-242 $7-MM HEAT PROJECTILE, T188E18
AUTHOHS)  c. P. Sabin : REPORT BRL MR 1112 (Ref. 35) L4
’ DATE ) 1957 '
TYPE OF TEST Free flight
"".'“‘fﬁ"w Weigh, 2.75
[ a.43 ~ b =

ows | Muzzle fps 1200
inrale,rps 621

T T 0.187
- s [1oe e - 5.24] v, rod/eal

[+

t.ozc;: } C;:

.‘ . -8
1 .
- : -10
. 3 v = 3 ) ! ) 1 2
Mach No.’ Mach No. .
. location from b::aibw: 895 [ hgh? 00035 T doh?  -0103
‘ Tremeonic “ v . J
M . Tromeonic M
M 0.8 0.9% 1.06
C‘ 10.0 : 0.5€ M<1.07
"o : o
C. 2.820.8 3.641.2 3.120.3
C.. .5 ©“0.3  -8.5l.5 -6.0£0.3 The large variatica in C,, may be due to
Ck -1ono -6249 7548 ~ yswand to dual flow.

«0.0520.05 Computed from curve; fin uynmutry can
oullify skin frictiun.

ep colibers from bose
loocticn
)
.‘0 |
ke ‘ .
A8 % Cytiadrical body undercut 0.22 iach te incresse yaw leval (to sbeat 3°).

733
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|  bing Waight Ib 14,4
. ’———-—W —____.{ Muzzle ‘gd,,f,, 2450

wo—— m——— e . Tt g < T,
- APPRYDIX VIlL-X ) ‘l
| 90-MM HEAT PROJECTILE, Ti08 AMCP 706-242
AUTHORS) B. G. Karpov REPORT .- BRL MR 696 (Ref. 47)

- : DATE 1953
' TYPE OF TEST . Free flight

i

in
e e

3 L‘n 4].”' . W,u/d
Dimensions, colibers
-8
‘n‘ i -8 .
.01 cb.&_ _ | *0.3C“-
. - | - \
24 _ -2}
e ae S ' 0

Mach No. _ Mach
€. location from base,colibers __ 624 ];,nhp-h’ . 0048 NI:&'_‘,’ .143

_ «350 :
‘ ' B . . kdc.'al —_— ke NI
’ M 009 N ' -
Cﬁ‘ 1.2¢M< 1.8 |
C“ 2.7 3.02 0.5
C._ . «6.8 See curve
c.:cl“ | , -up +10
"- - C.l-. Gdib. : -200; 3 .
. re 1.180.4
%
.‘° .
W)
-
%
ALl

; /2. 7
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_APPREDIX ViI-Y
AMCP 706-242 90-MM HEAT PROJ ECTILE, T108
76 . 93)
AUTHOR(S)L. J. Rose and R. H. Krisger; REPORT Do ﬁ: w;b‘(k;:‘?‘}) <
R. Pisiali and L., C. MacAllister  DATE 1956; 1957
. TYPE OF TEST Wind tunnel; Free Night
Lfing .
e 1667 WA moad Waight, I : .
10.07 Froe Sught Muzzle ity, fps 2150
[ = inrobe,rpes 010 217
LB w2l % d,ft (2ull scate) 0,295 4, f¢ (wet modat) 0.118
Suss-3 . rod/cal
— M 'ha [ e p—
ct
weot 0,42
L 1 S
B "} '# 11 0,38
.2 g
e
o 1 2 3 . ‘
Mach No. 7.13 (w.t) Mach No.
c.g- location from bose, cobibers i:f.‘.i‘_'f’_ I shg-h? Losogtt®
ka-d v h,,d ' <
M .72 172 2.45
Body alone Body + tail
Cu(*CuG 1.3 2.8 30
Cu. +5.6 -3.2 1.5 + 15, ¥ 2 roll rate in rad/cal
: : -75 (appro ' '
QS | (approx.)
q ~8.3 (approx.)
<, Wind tunnel Free flight
ChL e 43.s -1.6 (.45 + 229H) . .
Reduction of boom len(h  Projuctile becomes dynamicsily unstal above
.' by 1.8 eaubonmch‘ 1€ >ps (w = 0.11), Y tmatble *
o is Mclf (when using shrouded - '
) tail). e.prc.g. separation was T
("U. alsv halved. This relation i
2 should hold for the eix-fia R .o
-'- usehrownded tail as well, . .
‘AS8 | - | . /
* ] v’

/2y
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AUTHOR(S) L. c. MacAllister

AT e MW Y

——

N A AT AR S el TR S . . e -

APPENDIX VIlI-Z A . AMCP 706-242
$0-CALIBER ARROW PROJECTILE Lo V

REPORY BRL R 934 (Ref. 89)
DATE 1955
TYPE OF TEST Free flight

10.0 )
. - Weight, b~ Variable
. [_T Muzzle {sv;wb . Variable
| s.e inrote, s _ T*
f . 066
‘l v Lt " v, rad/cal
288 "' - Cruciform tail
. o ) cokbes 8% thick wedge fins, not canted
: )
1 ] |
- -
1.0} «20 X //’
.01 C
- ‘\
.6 -40
.4 H\‘ .50 ;
0.5 1.0 I.5 2.6 2.5 0.5 1.0 15320253
Mach No. Mach No.
c.g- location from base,colibers _390 ];,:bg-h’_______ I’,iq-ﬂ’
kel 038 koo _Z& .
B Traneanic Supersonic Comwmenis
M 1.1 1.8 2.4
Cw 4 12s1 9l
L= 2183 1241 8.520.5
Cue -4240.% -2140.5 -1240.5
| C,,;CN -220450 -290450 -279250
c,
ep 2.1 2.1 2.6 cdlibers from bose x
loausion : » :
.' t
%,

(-y)

s|- &

A-39
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AMCP 706-242

APPENDIX IX
TRAJECTORY PROGRAM IN FORTRAK LANGUAGE

DHGNSIO’: cne(9,2), cm(aéz)

& EORMAT (F72,F8.0,F8.0,57.1, ror 3 £6.2,F7.3,F6.2)
9 FORMAT F6.3.F6 3'F8.3.F6.3.F6.3,F8.4)
10 FORMAT (FBI6,F.1 1§

o} ERuT 3

1

READ 1
READ 6 D,Z7,WT0,WTB SPIS,SBT

0E ,VO
sgu;‘ i éru FEM.CD0%, TWIST,c(P, PINT ,RGA,RGT ,OTE ,DTL,DTH, 20, TEMP

aw 9 cﬁo(l 1),C00(1,2),X,CMA(1,1) ,CMA( 1, 2)
mm?

-

PRINT 9,FFD,FFN,X,RiA,RGT,D
PAUSE

13 (ssasz swncn 1) 21,22
ACCEPT 6 ST
IF (SENSE swhcn 2) 23,2

Accsn 6, FFD, V0,DTL, 67

nm 3

n"s':nn 6,WTD, ¥0,SPIS,SBT ,DTH, TWIST,QE
PRINT

gug 5 wi8,20,TeMP,0TL ntt.cn,z cLP
THST = 0 0

IF - (wto-wm 29,2

3,96
96 m-(mms)ispislsat
DMRSS=THST

” TEMPR = 2' o’(~5900ﬁ"$)

VAO = 1116./(TE
RHOOS = .oonsm
PRINT 10, RHOOS,

" PRINY 7

PAUSE , .
IF (SEMSE SWITCH &) 20,97 (OR stands & ‘Donacly 2atic')
R'ﬂom ; et Tina X Dist V CD SMA DR Mass

g‘.bml‘ --» “Theta 2 Theust Draq Yew Mach Spia SG

X
DIST = 0.0

A40
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g APPENDIX IX (coat'd) AMCP706-242
: .

N\

. THT = QE

B z - 20

IF = 20

S w . 785LHDW*2.

‘ PMASS = WTO/32, 17

‘rluen = .01745329%QE

: 113 musnzo 31 30

: 30 SGC u/(b.o*moos*s-o*astm)
GNU = 6, 2832/Tw

YRC = 32, 17*RGA**2/(RHOOS*S)

C - END OF INITIALIZATION

v 31 IF (2-30000,) 32,33,33 -

; 32 2201-3 gxpr(-s .26205%2) n .

. 33 RHo = Joastmexer( xm-o.ez-os*(z-soooo »

) -

35 ZB‘ .-gv/(vno-(vm-sﬂi -)#2/36500.)

3 [y

' 36 VM = V/970.

.37 1IF (coo(s 1)-vM) 38,38, 39

£ 38 cD = €00(3,2 -

¢ GO TO 43

E . 39 Im2

: “ %n;nlrr) oLy 2 '

§ 41 CO = 0coou zimsr*(coou z)-coou-t 2)) 2¢c00(1,1)=co0(1-1,1))
£ 42 |‘-°-|+| :
: GO TO 40

\ b3 cn = FFD*CD

s - - WIST) 44

p h lr cws.n-vus 45, 45,46
i 4 CM= Cg(S 2)

4 so 10
w DlFF vn-cm& 1) : .
iF (mrrz
48 °'3 : c:suo [ 2$¢o|r|»'*(cm(| z)-cm(l-—t 2)) 2(CHA(1,1)=CHA( 1-1,1))
G
' 49 i1si+t ‘
GO TO k7
50 CM = FFMACM
SG = SGC*(GNUW2)*PMASS/(RHOWCH)
¥ 13 (SG-I 0) 51,51,53 .
' gi F"&:Iv (no 3,104 UNSTABLE)
53 1R -(cvsc*rms.é:c?:unmo-cm))tcosf (TRETA)
k- - L J
3 GACC = =32, n-smr(rneu)
! s DRAG = RHOOS*RKOW(VIra2) #54CD
E' ) ACC = GACC + (THST-DRAG) /PMASS
.1
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AMCP 708-242 APPENDIX IX (cont'd)

SER K83
S2IBNFFIRDRT

8%

i
:

2388

67

= DTL/(ACC*ACC)*4OTE
DT-OTM) 60,60,59

DT

SENSE SWITCH 1) 57,55
t'v:n!; Ng';ioss

¥ *THETA] 70, 70,58

T .
6, TIME,X,DIST,V,CD,CM,RHO, PMASS
6. THETA,Z,THST.DRAG,YR,VM,GNU,SG,DT

Pt
SENSE SWITCH 2)54,58

AP

SEE

%3

8
I lel

3

(<4

A

C

- .
ER

SET
L :3
389

+07-$8T) 69,68,68
4.0

PMASS-~-DNASS DT

BRAG#*( 1,042, 0WACCROT/V)
GACC + (MT-OIAG)"MSS
v+ %ECMC‘T)QTI .0
-V

DIST + 0S
YIME « OT
HET.

EYA - 16.09%COSF(THETA) 0T /VBAR
ACOSF ( THBAR
0S*Si N {THBAR
THETA = 32, 17*COSF(THBAR) *0T/VBAR
GW*{1.0 o((omé;cmtsl(ms-conuﬁz))-accﬂﬂotlv)

i 2

a‘nﬂég

Y EFED
I PN l..N

,'eszmsmtrr

PRINT
PRlI'E 6, TIME, X, ¥V, THETA, GWU, SG

IF (SENSE SWITCH &) 20,100
£ '

SW 9 ONFOR SYMBOL VABLE

A-42

Ratio of drag coefficlient curve to typical curve in
m Ratio of .tagi

Axisl radius of gyration, calibers
RGT Transverse radius of gyration, calibers
D Maximum body dismeter, ft

A8

P, Mg bn e

c moment cosfficient curve te typicsl auwmve in msmory .
YmY:E Identification of typical drag and msement curves in esmory
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APPRNDIX IX (cont'd) AMCP 706-242

WT0 Projectile weight at launch, 1b
vo Pronjectile velocity at launch, fps
SPIS Specific impulse of rocket fuel, sec
SBT _ Rocket motor burning time, sec
TWIST Twist of riflini. calibers per turn
113 Quadrant elevation, deg
WTB  Projectile weight at rocket bur~zut, 1b
70  Elevation of launcher, ft
7 Elevation of target, ft-
TEMP  Air temperature at launcher, SF
€002 Yaw-drag coefficient, per rad?
CLP  Roll damping moment coefficient
DTL  Numerator of expression used to compute time intervals
DTE Exponent in expression used to compute time intervals
DTM Maximum length of time interval permitted
PINT Number of time intervals between automatic print-outs
€D0(1,1) Element of mach no. column in drag coefficient table
COOK1,2) Element of drag coeff. column in drag coefficient table
CMA{1,1) Element of mach no. column in moment coefficient table
CMA(1,2) Element of static moment coeff. column in moment coeff. table
ms Rocket thrust, lb .
Rate of change of projectile mass, slugs/sec '
TEMPR Ratio of st3§ ebso utg temp.to lb?xolut% temp.of air at launcher
VAD  Sea level (Z=0) vel, of sound in air at temp.of air at launcher
. RHOOS (ne-half air density st sea level at air temp.at launch, slugs/ft3
X Horizontal distance from launcher in range direction, ft
DIST Arc distance along trajectory, from launcher, ft :
THT  Variable carrying sign of traj.,ngle at beginning of time interval
S Frontal area of projectile, ft.

PMASS Projectile mass, slugs

_THBAR Trajectory angle at middle of time interval, radians

THETA Trajectory angle at end of time interval, radians

Projectile velocity, fps

SGC  Constant in computation of gyroscopic stability factor

GNU  Spin of projectile, rad/cal

YRC Coostant in computation of yaw of repose, £c2/ slug . sec?

4 Altitude of projectile, measured from ses level, ft

RHO Ratio of air density at altitude to density at sea level

M Mach nuamber '

(=] Drag coefficient

OIFF Mach no.difference from tabular value, for interpolation in table
CM Static moment coefficisnt, per rsdiac :

G Gyroscopic stability factor

YR Yaw of repose, radians

FINTT Counter for automatic print-out

TIME Elapsed time since launch, sec

GACC g:ojoc%lc acceleration along trajectory, due to gravity, ft/ucz
DRAG ag, ;

ACC P:og.ccceleration aloog traj.ac b;ﬁiming of tioe 1ncor¥¢1, £t/ sec?
ACCT Proj.acceleration along traj.at end of interval, ft/sect

- 0T Length of time intexrval, sec
VBAR Avcrage velocity over time interval, fps

oS Arc distance traveled during time interval, ft

A43
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