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ABSTRACT

The dynamic behavior of a projectile during acceleration in the
gun tube requires a quan'itative discription, since if balloting

becomes excessive, undesirable conditions such as damage to

fuzing. shell body engraving, inaccuracy of fire due to yaw, and
yaw velocity at the muzzle may result. The approach taken in
this report utilize the equations of motion derived in an earlier
report titled, "Transverse Motion of an Accelerating Shell" [1]
to describe the balloting motion of the 8-inch XM673 projectile

fired in the MK-16, MCLG gun, XM201 and MZA2 gun tubes.

Most previous solutions ,vhich have appeared in published
works to date discuss the problem in a sin-iple way, or consider

separately the main factors that effect projectile motion. Effects
of friction forces at the bourrelet and the driving band, changes
of the eccentricity and the ±ocation of the center of gravity, and

the wall thickness of the shell were considered in this formulation.

The analysis shows that the contact of the bourrelet on the
gun tube is intermittent when the C. G. eccentricity is zero or
very small and the contact is continuous when the eccentricity is

large and that this parameter is the one that most effects the
performance of the projectile and the associated fuze. The
analytical results are presented in graphic form.
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INTRODUCTION

As part of the design and evaluation of the 8 inch XM673
projectile, an analysis was performed of the balloting motion of
the projectile if fired from each of the MK-16 and MCLG guns
and the M2AZ and XM201 gun tubes. Since the projectiles are
precisely machined it is assumed that the projectile configuration
is symmetrical about its geometrical axis, which is taken as
the 3'-axis of the moving body coordinate system 1', 2', 3' (Fig. 1).
The mass distribution of the projectile was considered to have
various degrees of non-uniformity. For zero eccentricity, the
center of gravity of the projectile will be at the 3'-axis, otherwise
it has an eccentricity of some magnitude from the 3'-axis. As
in Reference 1, another moving body coordinate system 1, 2, 3
was selected and made parallel to the 1', 2', 3' system with its
origin at the center of gravity of the projectile. Since the
eccentricity of the center of gravity is usually small, it is
assumed that the products of inertia of the projectile about the

coordinate system 1, Z, 3 may be ignored and that the projectile
has constant polar and transverse moments of inertia about this
moving coordinate system.

The calculati in is done with the assumption that the gun tube
is rigid, stationar r, and straight, and the geometrical projectile
axis always intersects the center of the driving band diameter
and that the latter is always centered along the gun tube axis.
The 3-axis of the coordinate system 1, Z, 3 may or may not
coincide with the 3'-axis of the system 1', 2', 3', but the
corresponding axes ar,; parallel to each other. The eccentricity,

E, is expressed in inches and is the distance between the 3- and
the 3'-axis. It may also be expressed in terms of the moment
(in-oz) of the projectile weight about the geometrical axis of the
projectilei. e. the product of the projectile weight (oz.) and the
eccentricity distance (in.). Hence the eccentricity distance (ir . }
is equal to the eccentricity moment (in-oz. ) divided by the projectile
weight (oz.) Four cases with E = 0, 10, 25 and 50 in-oz
respectively and a projectile wall thickness t = 0. 40 in. are
computed for each type of gun tube to show the effects of the
eccentricity. To investigate the effects of (1) friction forces,
(2) projectile wall thickness and (3) location of center of gravity
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of the projectile, cases with (1) no friction forces, (Z) wall
thicknesses of 0. 38 and 0. 4Z inches respectively, and (3)
distance from the bourrelet to the driving band unchanged but
with the distance from the center of gravity to the driving band
reduced to three quarters and one half the original value
respectively, are compuied for the XMZ0 gun tube only.

In these computations the equations of motion derived in
Reference 1 have been used with the additic t of friction forces,
both at the bourrelet and the driving band, to increase the
accuracy of the computation.

THEORY

The coordinate systems and Euler's angles used in the
computations are shown in Fig. 1. The Z-axis is taken along the
gun tube and gun elevation is 45 degrees with the X-axis
positioned horizontally and the Y-axis perpendicular.
Consequently, the angle a used in the following equations of motion
is taken as 135 degrees.

The equations of motion are derived in the same way as shown
in Reference 1 with the exception that the friction forces and
their associate moments are added to the original forces and
moments at the bourrelet and the driving band. For easy under-
standing of the computations and completness of this report,
some of these equations and the related definitions of symbols
are repeated below.

The six equations of motion are:

m '4cosesin, +' sin ecos*,- (.+e )sinesin,+2*ecoscos*]

-m E ['j(sin~cos*+ cosocosesin*) +''(cososin+ sinocose cos*)

.Z
-8 sinocosesin*-2 (sinosin* - cosocose cosq)

2 2-6* sinosine sin*+ (r )(coso cos* - sinocose sinf)



-20 0 coso sing sin *- 2 sin osine cos~

=(F bi + F cl) Cos *-(F b2 +Fc2)cosesin*+(F b3 +Fc 3

+ Apsec 9) sine9sin *(1

mQ(sinsin**gcos ecos t+(* + ) sincos+2 *ecossin4 ]

+ mE- (cosocos e cos*j- sinosin*) +'* (coscos*- sinocose sin4
.2 2

-esinosincos-(+ , )(cososint±sinocosecos 4
.2

-9 sin ocosgcos- 2 0cossinecos+ 2 psin 0sing sin*

-2,4 (cosocosgsin*+ sin ocos4 )

=(bl± Fi) sin*±(Fbz±F c2)cosecos - (F 3 F+Apsec)singcos*

m g co s a (2)

mW-m&q(*o sin@+@ coso)+mE[ co9in- sinocoso

.2.2
-(0+8 ) sinosin4-201 9Cos ocoseJ

(Fb2 +F )~ sio (F +F ±Apsece)cose-mgsina (3)
b2C2 b3 c3

I~e. sine cose) +I 3(*cose±O) s ine

mbi + ci AE sinosece 4

1(* sine +2E48 cose)-I 0(*coso+o)
3

=M b±M c2 + APE coso sece (5)
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13 (4cose+ -4/esine)

M b3 +M (6)
c3

where , Euler's angles (radians). , , and e, 0 are
the corresponding velocities (rad/sec) and
accelerations (rad/sec ) respectively

= distance from C. G. to driving band (in)

E = eccentricity of C. G. from geometrical projectile
axis (in.)

2
A= area of bore (in.

= Y-axis inclination to the horizontal line (radians)

W= axial displacement of driving band diameter
center (in.). W and W are the corresponding
velocity (in/sec) and acceleration (in/sec).

g= gravitational acceleration, 386 in/sec2

-] 2
r=mass of projectile (lb -in -sec)

I = transverse mass moment of inertia of projectile
(Ib -in -sec )

13 = polar mass moment of inertia of projectile
(lb -in -sec 2)

p=firing pressure (psi)

Fbl, Fb2 , F = total bourrelet contact force components along
the 1-, 2-, and 3-axis respectively (lbs.)

F cl , F F = total driving band contact force components
along 1-, 2-, and 3-axis respectively (lbn.
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Mbl, M = total moment components of bourrelet
b2' Mb3 contact forces about the 1-, Z-, and 3-axis

respectively (in-ib)

M c) Mc 2 , M c3 total moment components of driving band
c3 forces about the 1-, 2-, and 3-axis

respectively (in-lb)

The friction forces are equivalent to the products of the normal
forces and the frictional coefficients. The friction coefficient
for the bourrelet contact is taken as that of dry sliding of mild
steel on mild steel, equal to 0. 57 [Z]. The friction coefficient
at the driving band contact is obtained from several trial
computations. First a frictional coefficient is assumed for
use in calculating the travle and velocity of the projectile. The
results are then compared to those from interior ballistics
computations with the same firing pressure. The computatien
is repeated, varying the friction coefficient until a reasonable
agreement is reached, and then that coefficient is taken as
the desired one. The normal forces are obtained from the contact
forces at the bourrelet and the driving band. The compressive
pressure exerted on the driving band by the gun tube is also
included. Since tnere are no simple equations available for this
pressure calculation, an approximate pressure distribution of
40, 000 and 20, 000 psi based on average experimental maxin.um
and mimimum data is assumed at the breech and the muzzle
portion, respectively, in the computation.

With the addition of the friction forces and their associated
moments at the bourrelet and the driving band contact, the total
components of the forces and moments may be computed with
thz following equations:

The total forces and moments at the bourrelet contact are:

-. a Et 3 Re(+ cose)[rcose+ 8 (h+.-§ .,1e-R]
F = b
bl 2] eIe 2

0. 135r i( N )2 + R (*+0 cose) (7)
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3F -Et
b2 =  2 [rcose+ 8 (h+-Q) sine- R]

0. 135r 181

Xu b (W R69 )sin e

v - - ) +R (4+0cosO) (8)4/

3
" b3 _ Et [rcose+ 8 (h+ Q )sin 8 -P]

0. 135r .101
ub  R oee ) Cos

x[- sine+ (W- (lei 2(& 2s . 9
.) +R( +OCOSe)

lei

3
M b - Et 2 [rcos+_- (h+a) sine - R]

bl 0.135r I ot

xhecose - (r + E @-sino) sine
\e18

h sine+ .- (r + E-sin) cose](W-,_e) }
b TO1 -, leilei

Ro ~e 2  2. 2
(W--) + R ( + cos8) (10)

lei

3
M Et [r cose + 9 (h+)sine-BR

b2 0. 135r hlei* e.

~ {~ +ub I8 -(* + cos)+ (W- 11)C0Se]1
18 R 2 2. 2." le v- e )+ R ()+ 0 Cos e)( )

181



M = Et3 [r cose+ e (h+_)sine - R]
b3 0. 135r TOT

sino) + W-ee-
<a[R4+~C59(+ (W-sinocosol

- + IR (,;4~ +(AC00se (12)tot
EeCosacos€}

and the components of the total forces and moments at the
driving band are:

F _ TT f R (sin*s +,/u c sinvcos.Js) (13)
cl 2 sm

_TRf
sm 4

c2 = - 2 ---- (cO s cose+ -ucossine

- Pc sinysin* s cose) - 2rIR Ifn(siny +yac cosy)

+a P d cosy]sine (14)

TTfc m c

F3 s (costs sine- 4)a cosy cose

-Auc siny sin*s sine)- 2TR [fn (siny +)a cosy)

+JUcP d cosy]cose (15)

M c = -2Rfn ( -sino - Ecose sino)(siny +pc cosy)

Rf SM(LS 8R

2sm { rrEcose - cos€ - E sine) sine]
2 3

x (cOS*s _ sinysin ) + 4 )uc cosy [Usine

4 cosO - E sirne) cosq]
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2 ru Rp d cos~(~sine- E cose sino)(6
C C

M ZT R f rR(cosy -juc siny) sine
n

E Ecosecoso (siny +)u cosy)
C

Pf o

+ sm~~Lsino± + coso)(cos -p sifly sin sine
2 S C

9(p1 silycoSs* + sinl,) 4)a T ~(snos coe

Scosy cose + -L- sinysile]j - 2 ry P d (Ecos oecs3~~ ~ C 5  oeCS

+ P sin y sing) (17)

M 2 T.-Rf R (cosy - u siny) cose

+ E (siny+A1u cosy) cosO sine]

+ 2r /U Rp cd (E cosy singecoso - R siny cose)

+ 2fSm [(Rsinos + E CO5)(COS4 --, siny sinisr)cose

8R
- -cos, E Esin) ().u sinycot + sin ,)]

S C5

+ 4-/u r-( ____ + cos) cos~sine - R.. siny cose] (18)

where E =Young's modulus of projectile wall material, psi

r =radius of projectile, in.

t =thickness of projectile wall, in.

9



R = radius of bore, in.

d = width of driving band, in.

h = distance from C. G. to the bourrelet, in.

= absolute value of e , rad. -is used to change the
sign of the related quantitwhen @ becomes negative

'Al = friction coefficient at the bourrelet

)a, = friction coefficient at the driving band

f =maximum side normal force at the driving band per
unit of circumferential length, lb/in

f = uniform force normal to the forward surface of then
square rifling grooves per unit of circumferential
length, lb/in

Pc = driving band pressure, psi

= twist angle of rifling, rad.

s= angle from the diameter of the region where the side
forces are acting at the driving band to the node axis
or I-axis, rad.

s projection of 0s angle on the cross-sectional plane of the
gun tube, rad.

The displacement of the center of the driving band diameter
is related to the other quantities by the equation

*tan y= R (+ cos e) (19)

INPUT DATA FOR COMPUTATIONS

Computations were performed for the 8 inch, XM673 projectile
fired in the XM201 and M2A2 gun tubes, and MCLG and MK-16
guns respectively. The shell has the following dimensions and

10



properties:

L (distance from driving band to bourrelet) = 11. 539 in.

'L(distance from driving band to C. G. ) = 9. 266 in.
(6. 950 and 4. 633 in. respectively are used to compute
the effect of change of C. G. location for the XMZOl
gun tube)

h (distance from bourrelet to C. G.) = L --

s (distance from C. G. to nose of projectile) = 26. 87 in.

t (wall thickness) = . 40 in. (. 38 and . 42 in. respectively
are used to compute the effect of wall thickness for

the XM201 gun tube)

E (eccentricity of C. G. from the geometrical axis of
projectile) = 0, 10, 25 and 50 in-oz (i.e. 0, . 00313,

00781 and . 01563 in. eccentricity distance)

6
E (Young's modulus for the projectile steel) = 30 x 10 psi

2
I (transverse weight moment of inertia) = 15745 lb-in

13 (polar weight moment of inertia.) = 1831 lb-in2

mg (weight of projectile) = 200 lbs.

r (radius of projectile bourrelet) = 3. 997 in

All the guns have a bore of 8. 00 inches and are positioned at
the elevation of 45 degrees so that value used in the computation

is 135 degrees or 2. 356 radians. The other characteristics of
the guns are:

I'
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Gun or Gun Tube Type TL(Travel), in. V(Twist Angle), deg.

XM 201 274. 0 8. 92705

MZA2 168.0 7.16246

MK-16 388.7 7. 16246

MCLG 394.4 8. 92705

The initial conditions of the shell for all computations are taken as:

x=0, x=0,

e=.0001 rad., e=0, Y Y= 0,

, = O, Z =0, Z =0,

The coefficient of friction .b at the bourrelet was taken as
57 and that at the driving band, u ,was determined by the method

described earlier to be .004, . 009c . 02 and .02 for XMZ01, MZA2
gun tubes, MK-16 and MCLG guns, respectively.

The firing pressure for the various guns or gun tubes used
in the computations are the given base pressures as shown in
Figs. 2a, 2b, 24, 31 and 38, respectively. The same firing
pressure is used for all computations for the respective gun or
gun tube.

RESULTS OF COMPUTATIONS AND DISCUSSION

The results of computations are presented by the following
figures:

Figs. 2a, 2b, Z4, 31 and 38 show the base firing pressure
and the travel of the shell in3ide the gun tube with respect to
time (milliseconds) for the X1114201, MZA2 gun tube, MCLG and
MK-16 gun respectively. The base firing pressure was given
and the travel was computed. The same given firing pressure is
used for computations of all cases of the same type of gun tube

12



or gun. The travel variations of different cases of the same type
of gun tube or gun are very small. Consequently, the pressure
and the travel curves of various cases for each type of gun tube
or gun are presented by one curve respectively.

Figs. 3a, 3b, 25, 32 and 39 show the computed velocity and
the acceleration at the center of gravity of the projectile with
respect to the time for the XM201, M2A2 gun tube, MCLG and
MK-16 gun respectively. The variations in velocity and
acceleratiun become noticeable only near the end of firing when
the firing pressure is decreasing rapidly. But they are still of
very small magnitude. Consequently, the corresponding travel
variations are also very small as mentioned before.

Figs. 4-7, 26, 33 and 40 present the paths or the polar
positions of the C. G. and the bourrelet center as seen from the
muzzle down to the breech, for the various cases of the X)Vf201,
M2A2 tube, MCLG and MK-16 gun. The R value denotes the
scale of the drawing and it is the radius of the circle in inches.
It is seen that when there is no or small C. G. eccentricity the
shell will make intermittent contact with the gun tube, but contact
is continuous as the eccentricity increases. The friction forces
will retard the rotation of the shell with respect to the gun tube.
The polar distance of both the C. G. and the bourrelet center decrease
with thicker walled shell and shorter distance between the C. G.
and the driving band. The precession angle is retarded by friction
and low values of eccentricity.

Figs. 8-11, 27, 34 and 41 show the results of computations
of the angular positions (in degrees) of the contact points on the
gun tube and the bourrelet of the projectile respectively with
respect to the projectile travel (inches), for the XM201, M2A2
gun tube, MCLG and MK-16 gun. The deflection at the bourrelet,
viormal to the gun tube wall, is also plotted. It is again seen
that the contact of bourrelet on the gun tube is intermittent when
the C. G. eccentricity is zero or very smal', and the contact is
continuous when the eccentricity is large. The path of the contact
point on the bourrelet is not always a horizontal straight line
when plotted against projectile travel, which indicates that the
motion of the projectile may not be considered as that of a
compound pendulum with its oscillation plane rotating about the

13



gun tube axis. The frictional forces seem to cause the precession
angle to be smaller than for the no friction cases, however, the
presence of eccentricity is a more significant factor. The
deflection at the bourrelet increases with larger magnitude of
the eccentricity, thinner projectile wall and longe.- distance
between the C. G. and the driving band, respectively.

Figs. 12-15, 28, 35, and 42 present the computed results of
the angles, velocities and accelerations of yaw for different cases
of the XA201, MZA2 gun tube, MCLG and MK-16 gun. The effect
of increasing the C. G. eccentricity or the projectile wall
thickness, and decreasing the friction or the C. G. to driving
band distance, respectively seeni to increase the variation
frequency in the yaw angle, velocity and acceleration of the
projectile.

Figs. 16-19, 29, 36, and 43 show the results of computations
of accelerations normal to the projectile axis and at the C. G. ,
the bourrelet center, and the axial points with a distance from
the projectile nose equal to 2.5, 5.0, 7. 5, and 15.0 inches,
respectively, for the XM201, M2A2 gun tube, MCLG and MK-16
gun. They indicate that the normal accelerations will increase
when the C. G. eccentricity is increased or when there is no
friction. The variaxion frequency of the normal acceleration
seems to increase wi'h projectile wall thickness or shorter C. G.
to driving band distances.

Figs. 20-23, 30, 37 and 44 show the forces acting on the
projectile at the contact point of the bourrelet with the gun tube
against the time (ms), for the XM201, MZA2 gun tube, MCLG
and MK-16 gun, respectively. The force component F1 is in
the direction of the yaw or nutation axis, F 2 is perpendicular to
both the yaw and the shell axis, and F 3 is along the shell axis.
Their magnitudes are presented in terms of mg's or in weights
of the shell. It is seen that the forces will increase with greater
C. G. eccentricity, shell wall thickness and distance between
the C. G. and the driving band. The force component F1 is zero
and F 3 nearly zero when there is no friction.

A summary of some results is presented4 in Table I.

14



CONCLUSION AND RECOMMENDATIONS

Based on the calculated data and as indicated in the discussion,
it is concluded that the eccentricity of the center of gravity of the
projectile from its geometrical axis has the greatest effect on
the motion of the shell inside the gun tube. The motion of the
shell becomes more complicated when the eccentricity is
increased. The motion may not be considered as that of a
compound pendulum with its oscillation plane rotating about the
gun tube axis. When eccentricity is very high, this condition
tends to be approached. The deflection at the bourrelet, the
yaw angle, the normal acceleration of axial points and the bourrelet
contact force are increased with larger C. G. eccentricity.

Since the increase of the C. G. eccentricity increases rapidly
the bourrelet contact force and the normal accelerations at the
axial points of the shell and these quantities may affect the
performance of the shell and the associated fuze, it is therefore
recommended that the C. G. eccentricity be made as small as
possible so as to improve the shell performance.

REFERENCES

1. Chu, S. H. and Soechting, F. K. : Transverse Motion of an
Accelerating Shell, Technical Report 4314, Picatiuny Arsenal,
Dover, NJ, June 1972.

2. Baumeister, Theodore and Marks, Lionel S. (Editors):
Standard Handbook for Mechanical Engineers, Seventh Edition,
page 3-35, McGraw-Hill Book Company, 1967.

15



______ ____ __CONFIDENTIAL

HH Ncocoo:tUNI

HCr HCjr- Cm C. C-I C-I

0~Cl ~ o \O\H H!

4 OJH 6 -~ Ha UC) rI(jt\ CjClCi

an mHcYO H-I\D0 n -i \DcOU
N 01 f - o L \ - \0(n\, - -c 0 0 01\

Hc\J1 Hc4-j HH - r. 1 :

0~

40 0 \10co cooc OD-*0 _tco C)co

coco<4cWco Qc00 OD c0 cO

H- H t- _oo\0\oo0 0 tZ- \,O0\H

oC0ON2 mm c 01\ 0\ 01\ 0

c\Jc'Jc'JoJ~c C\OC'C CJ\

'0 0

HOJ.r\ H~j Cr CjC C'j CM

0

0w

c:3 I r~dC H

16 CQNFIDENTIA



____ ______CONFIDENTIAL

o~~xocor-~ r CQ~ XUH~

-- \0 c'j LN0

01t rd PA- rncOH Y cr0 (M 0\ \D -t--CQi
0r ri 0 t- ;L-r\a Y) C O CD \10 t- 0

rdI

(\j 00 HL C\iO H .

r-I-c\JH

0 0\100 cxj c~kO \100cO~x
0 0 ON cj c'j 0 1O

CY M\j ~ (\jO\j C\J N 0 c~O t- L
bo Coco coQ ~co c0 \,D \O \D\,O

-\t 0rc~ 0f\ c\j U\ rUNco c-
0000 00 00 -- -To ( ?9 M (Y)M cj c'\j c'j j

rH

'CONFIBEN1TAL



3'

01
0 /

IIt

Coorinat SytemsandE--e'DringlBan

18



XMZO1 TUBE



*O I I IA

*T - h- -

ITTT:
---------------------r. t.--. ICN.S

:_J ME 9- 'i~tT i2 :;zP7 -l

- -4 ~ --

K T*

q.-

+

II,

-T -1-

tt. 41'~NI



I' TF' i l.,
LI I'

1' EIplt I r

t U.. 1KU t I 1~ z -1 1:1

-CA---



T. T o fl

c;- !81 PRO JECT LE.X 0 TU~bE

0

C --- ;.

. .. .. ..

I"-_ F- 

- ------

I

... :1.09- - I. - _545

TMC M I.. ....

T -1 1 1 Q _ 1 1 0 1 6j -~ lqENr . L



t i I , 1! 1 1

Ii I F
'k Ti L A ' I 1i .IE

111 1 ; I

pt ___TJ 

Ill_ 

__



~~FJ§7IT FI --

44 4i

tapr 
TT AITT H 71KN

11- 

-4 1 
r- M~ T ~

4-__4-v i

.444 r _ it 414-



L',__I_ z - -
.JN- .L X2 -ME,,~

I* TjEfl APR -l F, Q1-. H"-L-I

~t 44I

£ :j .~.--TP--

4--

-+t



IN!
IR 6-I'T Xk BEI

411TIM p mi 1h 17

Gil q E
Iii I lk it

T 11 11

f ' 1 
itit I It 'l li W tilll 71, 7 1i

IJ-

oo

I KI-1
lit

K it',

4(1



411 ___

R F1, _- L UT

I. .... .._ _ _ I

4 81 -7QETL1 ~X1f1TB

I4-1

H Ltt

LL4



IF 1 11 11 11 t it

l i l t i l l

fit! I IIGI '311il A) i 6 kI 11 T cl N I
il E 20

HF If

f 4, 

IT 31 I .10 iW, ALL H,' I Rn I T F(1 M 1,

__+4_7,T_ T__

T 

T- -1 
f- J 1Et tI r_'H 1 -1-11 1 1 1, -1

ti 11
N11,

-- I - I - - - - I 111 t_ I I X

I tt

Ij t -I-- -

I Fill f I I _LJ_ 
u l

-1-1 fl -iIjI 11 J-
lit,

-I- ji

T1
if 14

-T-t- -T _t



FIGURE 5bJ

C Ga FINT BUL]RR!El T Q [NTE
8INCjM673 PROJECTL4. Xrl2OI TUBE (NOIFRICTIOP~IN~ff ~psi =aaTHETIL -000 1U. -PHI'. =0.4P- DEG--
C.IN CETRCTYi IN-Oz, WR+ THICKNESS .40 IN.-

1 9I

180- ---- G

2do

______________o 2-_____________________________________________ ________



I FlcURE 5c

-- u1 -Gi. AND POLRR!EL--T C DNTE~
8 INCF XM673 PROJEtCTILf :XM201 [TUBE (NIFRICTION)

-~ -4.~ INI 2i PHI .H=0. DEG,
C.G ECETRCTv5 1 ~-OZI: WR L TH;ICKN SS :.40 IN.

4 - -7-



I I

i8~1 c XMd73 POETL.X0i201 TUB~ (NO FR1LTOfJI u .-t'~ T L~ L =0 QWT E ~ O 1 Th = J 3 _
CIG. CCE1TRl191TY 50 14-07., WR4L Ti1ICKNESS .-40 N

0N

T_ _ _4

270
R=- C80



DC-M7 tQT-LIZ UB

I~~L =n 4IU~ A PHI =nl 4VF
CjG.- CCENtRIC TY 25 lld RL Mt-lCmKN S .38 N'.

-TLL I 1i41



FIGURE.6b -

R, 42. ERE

1673 PRO Lb LE. m bit Uor

:.TH I CKNEiL

iti

K. ~ -

MOO 71llV~

,,04to7771T, Th 1,
_______________ ____3



1 FIGUE 7a

-C G iRNE)2 -OLRRL -T CE NTl
IN4 - X 73 PROJECT.1(E, -MQl TUbEI

NUT -fEOoPI1locL THE __ -Oln

C.P L--CEN RIC TY ?5 D -0Zj.WRL- TH CKN SS 40 N.
G-,. T -~i~g. AND- DTrTA t iEfltt-ED -Tb 3/4i 4~~l

L IL L -'L-

Ii

-- K :1-.---2_7



FIGU E 7b
7 7

. 1 fti' "

C.,E ICEN RIC TY .5; D-OziR. T ~
-tC 4 Er ORI NAL- AWF.jr 4

T I 7II

T7H
I

__ <77
,1 I,,

I ij 1D2j7~ 7773



-17 tI, f *1.;

8, 18-IN -_m.Xt173!f'ROOJECTILE.- {XM20'1 TUBE . . '

-. -E -CENtRI TY A 40 WPj. tICNS~ N.

t__

__tWjit

r_.. ..-

rt. .

C4-- - -

47 .
--:-

-- I~ ..... .......
r 

. 4.

a .



- -- N 1t[T.,4X1

D -

.A- 
11>

-, A. .

L926 I ,O

I ~ ~ ~ ~ : __ . .. . - .. . .



T-I

CON dT Al 0LN-T - f-NLP TKfL.CT.[O

CG.'ECCE TRICITY 25 1N -Z, WORL L ~440R

-77

IL

CII

-4 , 
-

I K37



-+ -- -n I T f-f-A44d --- 4 - ---

10 8 -1 M 73 OPRWEC-T LE:,.1Xr212 :TU
T T 14 -S'. n.. r...nnni,. "PT 1 i -- i-,n

G.ECENiVRIC'4RL T

1 -4

..
4-

cr--

CD

-3 .3.' -W,6* ,

- 1-T

V~Tj7M -(!I..-Y.... ....



IGR9a (N FR 1 TO

JNI- CT fENTLECT'C 4

N XM673 O~JE E X21TBI(N Rc ON
P sl :;ntL-,0 H , .Rfh) nFlE-

CG ' CENf[RlC ITY- 10, fr -Z: WLL THIICKN SS 1.40 IN.,I

I I-AA-

L J
8TI

I 'I

~VAI

_ -~~~1j~T ~-TL77 177
5,67 ) -'3 7' 8- -M.3 , >7-0*~ ~ t- K V:4  E~ 7rLA 0

I----' *3f



I P.

CJG. CCEN R IC I TY 'I-OZj WILL TH~iCKNS 40 N-

- -- 4I----
LJ~T1T ~ V-

C7 77!) ~-~~

.A of

Li 'I 26, 313 3.o W9 831Z40



I EfIGUP E 9c ___

I -- C--- -NIH -1L----- 1

INE~I F(N FRI HO

CIG. CCEITIRIC TY 45 I-0Z1 '4LT.CN SWR40 N

ITT I I

LiL

~I7147

7- - -777

c; AM

-ICE

~ I7

143! 3 71 I 862.7 8, 4.00



M' ITIR t I

C. .inn T- 4.4 .n~.

wI 
FI- 

TE l.. CC WI 50_ 
_ _O; 

W L H k S -. 0 N

u it)-.P-i -0

U/j

i-i

__1 _ 

I 

I7

TR-~-H VE -

S~467



c bW-RC[L-1 OlNT- L. I-M2DEELECT 'OR
8,1 CH X 673 1.~EP ,L X jlTULE

C G. ECCENRICITY25 I-OZ IXRLT ICKN SS .38 N*..

I CQO
*0- 

- --]

LL CI

144I

CD - --- -~ *~-

r -C?

CI

LUR I IVE-

_ --- -- j



~'1 II

R C I. JDINT RrjD-E LE T I-0;
181 H X16-73 FROJECT LE. XM2OL 'TU3E

t.G CEN rR C TY 251 6 WRLITHiCKN ss t]N

tj 4 1
4 ,, I I'-

I - T



M, E

b~ 'N ~ F.I~iR
8IN -IH X 6573 P~RO CT I~ E-M9 TU.ET~D

T TTTD .S n Hn. ~'
St -'P~ EN k ft TY' 45 0I -OZ. WPi TH M -N SS 140 IN.

-C 1G. Ta -4RIV,~ BA14 D iST El RDUCE -/ ,X1 2 L .

~! I'

I i PC?4!V
-70I

~4-

II L

V9,I

III ___i.20.

6? EI.3"7.01 .82.67 V .33 f74.00

T R1 IIIW



,IN-H 1673 PR4ETLE, XM201 TWE
T~j A.:,J: JH DOEni nEt
C .. E -TENrl MTY S D-OZ.I WRL~. TH COE-SS 140; N.

G, 4- -M VMi- AN~bIMTA -F NL VAUJE -

-MTI

i1I]~I I-
LiI'

LZ
0 I3

I.!) T iK

! 1 
I

0~Lll

C-- K

,6 7 13 .37.00j 82-69 128331 IM.001

I-=-Thf V E N

K4



JNITTT - Ff .~-
H-1~..-R. io' E.9. WL~T~C

E- E# -o R

-- H-

Ti,

~AL.

t* vo;, 7

H-H

_4~



.1 - ..j. -E _ . ___ iiIOI

0.4 E- KXo1 Ito-J-~--

-C 7E TY lt WR THI CKN S$:40 -
IM I- I Ty _S

F-1 ~

__ I

MCI

;--- 1 -~ A

- ~ 4- 4

_ _6 _ j

1. -I-J,



YR >RAINGLE9  VEL ARNDA__'CC
5' 8 I CH X1673 PROJECTILE. XM2C1 TU6

25 CKNl 5 .4,0

I~ (o*<
12w I 3

_jL - I I
* I4

I I

7 - t

__ __3 _

LL)~

__ - Icr

F i--

c Ia:i

w cl -7

7~



l8JNtX-X 73 PfRO1. ECT LE'.,iXI120 I -TUB3E .

T" T TAlP J l "nrL-THPTQ fJ-L;-.n TPHi ia J
P~V~&; I}C [TY' WRL THCKN 3. ,

GIG__ ____ ~ i, S 144'
_________I _____ iT

1cr~
LaI --

ITI

_ _ _ _ _ c7 + ::~ .

I:*
_ 1~-7 1

;AlI ~ :4:.



CD I I 1

8 JNCF XM 73 ~TIl LE' 2 ,TUBEI(NO FR1I TIOILL

Ld I

UpO -0 
i 

C

U, -- ---5-- 
-

CC~
C9

77T

-T.1

T Ih,

.7 ~-v.-51



I I G 13b

V YFIO RNOL' V~L RN DRCC
C3 8INCd XM6273 P'fiJECTILE., X. 201 TUBI (NO~ FRI 5TO 1 )

LINLTJd 1T =n, I4L THET4-I .00LQOOI4Rf4=.L DE L-
C4G. CCN:T IMY 1o IrF-OzJ! WRLjLTI IC SS 40 N.

c

>ii

1 --

3T0, 3..2 3 -4

T 4E,9-M



YIR RN LE! , E RN'\i Fl1IC
~INC fXM20l PJETUTUBE RI TIONj)

__ I_~~~ IIF fa:: OtJHEI J LUEH1 ;O!
C jG. ECCENITRICITY 5 I t -OZ JWRL HCNS4Q N.

EL.

u.I~- --
L.LI'',

coc? '7

0
UI _Ec

cr1Ko.
C) I

I i

I IJ

3.09 3.18 3M7 2?j3 54 841

L.IE I12JL LI-1



IFIGt E13d1  I I3

'i -H- iI

CD IND X 7 P0JE--TiL _XM20 TUBE (NO :FRI~I I -

TO ul pl. T Qf. l 1- n i -H
JT- LL T' CI IS

I''.'EC'' TR C T .0 [

777k 7

C7 - I

a: .ZII

~j747

3.992 1 '545 11'5

E -M



UPF14'

F I iNDI

LKlk RN-IT 9 II~L Y o
'cz'I 8 H X1673 PR C T LE;. IXM21 1 TUb-

c -, E N R I C T Y 5 f i -OX. WALL THICKN S 38 tN.

I O

uV

p'T 

i

ts -



FIG1PE14b

YRN RINQLE, 9 VE~L RflD RI

:8 1 H XM6731PROJECT LE cj01TOC
'8IM1 H2,, =OD,-T LEAOOL X f Oi TUE

C.,G. CENTRICfTy 25 1 -OZ. WLt T 1ICKNES 42 N.

r- I-.-

Icr I

CDI

CD

I j

.0 1dj-

* {'E,,1b 1 :ri;
cc

CDI



-~~ FlOURR15a I

ol h N -PR0EE RND 1-RC1 CD ~ A- XA1B73 P0ETLE M<r20 TUBE
INITIRL PSI =0 0, -THET --.OCOl.PHI =0 EGD I_

C4.E CENTRIC'TY 25 1 -07 WRLTHLCINSS 140 N.

- z TO DRINr DSIG UCED-TO 3/.OR L V IME I
IU I

ULL)N

IL~ 0 M

CD1

* c
LD

LITI

-Z 4

Cri57

C:



I FIGURE 15b

YAW R:NE yIEL 0 RNOD RCC'l
[N HM673PROJECTIE NXM2O I TUBE

C.!G-. E CENTRICiTY 25 1 -OZ.! WLJ THICKNESS 40N

C) .G -OR REDUCED -TC1~ ORIGitu W
i CG TO v.T-V D D7STANCLAIJ

UC3

8---C

II C)

Cc

>1

LdI'



-]IG R 16 i-.. .. . . . .. .. :

IXti73 PROJ ECT ILE-1XtI :U
IN PHM2 'I I - ~ TWEl N.

C.7G. EFENRIC.TY'0 1 .o iWL :HCN:'3-$0'N.

--RQ.RT ;8TiIJRRLE . C TER.'in -RC . -;TRX 'PjOINT ...

t J

I YINI

17 -7 
Till -4... ~ .

*1- ~7 
q&..

- - ~ -c.I
:T t _



. .. . . .. .... I -

.C. . G. 'CENIR I ' W P TH CKN'=t" 5 , a7'F K N +R .,h:.i,

- : 1c i R.'llL I: b.. ... .. .... ., -+1 .. .. -....

c6 ..... .... ' i ...

"+ ~ --- 4 .. ... .s -" . . ' . .

-.i,--- - . . . -- : --. . .

I T!L ...' 7 : . : --- .. . .I , I ..7 1

J-1I

Ttt

it_ r-1 . .... .

: : . .. +- ... . + - -7_: -- _ -' - - . : --;: i .1: . .

... - ,, . . . . . .-° ' .. . ... : I - .. :--j b --4:---- .,,I  ..i
- -" I ....- -- .' -I .:

.. .. .. .... ........... :.... ..... I
+ -' , _ ' . ...+ . .. . . . . . , 2+& ~

.... ,__ , .. . ,+j, ,- . . .,



F1I Iji E 16c I - -____

-7

k;1 Mi673 PRO 01C LIE M~ I TL~I

C.GjWtRt fly'5 I~ ~ T 4 0

~1 i T-1

41 44 r44

*1 I

I- t

--I lit I I

IIt 
1E 4t r~i



a.~~T Iz 6 T1Fd -I~ ~

SINt Mt6713IPROJEC.T ILE ,iXr120i UEI
Mr.G EF I -n

I -

EtRV " A T -MT QW' y ! . . . . .

"-.I. . RT

-7-4

................................ .... ....
I.V

. . . . . . . .

,....-.i7..

__~~~ __2-1.~
AT-- 7 - ~ i..



I ~ IGUF, E7a

IN8 JI XM6173 PIROJE(]TL >31201 TUBE-i (NOFRITO)

-C.G Z- CEN TRIGC Tiv 01 1.-OZ1 WRL THICK~NESS 40 IN.

RVE ti-iCAT CENTE ,OF GVET
- R T RXIRL POINT 1.01N I MNS

2.5I

qD --

CD,0

I U,

*09 -'- 2 - 3 - 4 1 -4 -

*1TIJ1EA[ m



il ~i IGUR 17b INOPR H K I~ LEFRP7 I ONS_
9 8INCH XM673 PPIETL.X2ITUE (NO FRlCTI 4q

C.G. ECCENTRIC TY 10 tI0-OZ. WR I i1ICKNESS !'40 IN.
CURVE C ENER OF C

_ - E~C: N NO"
TISNWI PONT,15.01IN H O Nq

K!717137 7.7

CE

j in

u'
(-T_ _

_ _ ~iK_



_ _ ~ GUJE 17c, I
Mq RPL 1RCCS 'EFRRTI lf

INC XM6 73 P#OJECTILE. 201 TUBE (NOLFRICTION

-jG - T1 I R~-fI T 25 IN OZI WRHL TilICKN S 40 IN
]RE1---RdC. AT CENTER OF G FIITY~

:URVE R AT P.OURRELETC 'TER'
0 RqC9 T R I.PIT1. IN FFMN

~1~ ~ 14

I I I2'I

- . KI r- -

TI m



LER !.. O

8'INC11 XM6'7 PhOJE;TILI X 201 TUBE (NO FRIdTIOR3
COI E 1',EN~ TIC[ Y I' -Z 'WALL TIIKN SS 1.40 IN.

VIV I -lCNE f~WERQ-AC. MMIJ9 IRqC- AIALPONT15'0- N. IF NE

CDC

-o

oi

A [

7 -1,1- . -8-I
-66



FIGRE O~aI

0y- _:: L .-- E R 

- - -

{81 XM67~ PROE 2ITE

JNM 0fla JHE~T no Dfl -.BUIIf~,
lCG- "CN~Rt TY~ O RL THiKNSS ,38 N-

UE 4C.TCETOF GRVIT1

3 R C. AJ RXIRL' POINT tS:OIIN. FFM~ NOJEI
4- "1I*1

-- I

1 -7I

Kb .

o J-

I P

I I

LrL>I

- -hE .

(4)67



FIGUI{E 18b I

1 0 I'0!JC -E .T4 -

C :G CENrR C Ir TY'5 1 -OZ - Wk-~ THIICKNs SS 42 N.t
~ I I1 E T R O N 1 Y

--. A FIIL7 N s1..T MNOE E

:171

K 0 ~14-

9Li
1-1 'I-

2.36 -s 8.54

TI ,El'M5



I I FIGtURE 19a

I D 8 D0 17 PROIJECT LEJ XM2i1TUBE

C iG hCqEFR IC~ I TY7-i'l WR'"L Tt+LCI(ss00
LE r4EAT ICENaf OF I 1tS b N

27-0c~ A 8.qURR LET C TERJ'
:4 C i t A RXR POINT 15.0 +50.11 NOSE

C.q. t1V -BAI D]3TANCE MDI.E TO

J 3

T I I~,

I i61



IN I
1 FIG~~_LE 9b TrTl ot

~~K L 8 I 1H XM13 1E~-
c1 8DHX6PROJECTILE. XM2 1TUE,--

C~iG. E CEN:TRIC TY 25 lqj-OZ. WRLL TIICKNFSS '.40 N.
o '-CC.c NTeX OF GIAV ETY,

11 t VE 1-~ 18 REE CENTER -

C? 3 ACC.A~jAIRLPOINT 15.0 IN. Ful i NOS

2.5 L
CZ ODRPI1V DK DiSTMXGE REDU9ED TO 'C p.riII{AL W

-CGTO-)fD TfJ
Ci

C)-L-Vl'1 co
j CD

_- 17! "i
IU 9

CL)I

c'l

I CDI

4- I 70



CD I tS3 R,'E-- E.I OIL. TUBE~ -.
P-.---nn TiHF'TQd - i -PH r, n nr'l"

-F2. -3FOCE ..- IK~ 'L IIR~f N

....... j..

I . IT t

I -T A C

A , .. . .I --



*~~~ 
.----.;F-

tCE --- TIg__X-_

LJ T 17

1<----------

__ 7V

J A

1::T, ;
_ _ L.

t _____ __ rL 1

.....L~ 41
0 ~ 4 - 21-

* .

~~- --- I I -

140 TA

,T., **

I'A,-47



* ~FGUR E2 ~

1BOURPRELT COuNTRT FORGE
JNU~ 117 LESL=QI ~T .LES 01Jfl f

-; 8 1 CH !~63FOETLX112 I TUBE
0' G Ed.CCENTRCJLTY 2,5 II -OZ.' WRLL THICKN-=SS .-40'N

Fi.F2,F3-F.JRCE IN:RXL S-1.-2,-c DIRECT13bN
0 C3I

)j

CD-- 77
C? I

I M - -- '
J~ II I73



IFIGUA 20d'

B I- RFI L*ID -C-TE

B 1HEELLIIROJC4IE,:nAIJTUECRE -

CGG ECENTRIC TY 50SO O'W THICI(N SS .40 N
FlF2 F3-FORCE, NR1110 DIECIN

C? I :

21' I I

_ _ _ _ __ _ _ _ _ _ _ I _ _ _ _



1 80 R P.E LI T, Cn :A, Ff F R qE
! B 8 1 NCF ,X!'6,'73 P ROJE,$TILi X 20 , lUBE (NO FRICT IO )

TH' 00 IP - "---- . .

FC.,Ir CCENTRICty '0 1 -o wk 'TH ['C6 SS 41 N

I_ R I

'J

311

U-1

_ _I ._ , _ ,,I , . .
L -' -- - - i -L

i-, I t ' ''

• j . 'i

- I

I 1 -5

.05 275. ... . , ,, . . , ..... ;.-



FIGUR) 20-

BIOUR Lg-T C NTR T FORPCE
I1NC XM673 PROJE(,TIL9, X '201 TUE(OFRCIN

iTihu 218W TA flE1 G CENRICTY 11 U-OZj WL HCN-SS 4 IN

F OF2. 3-FORCEf IWRU1- DIR CTI N[

CV

0F

Iq ).723 1 585-1mL 7L/6-



IGUE T____c

1~ 8 IINCF XM1673 PROJE(TL. XH0 UBE (NO FRICTIO)
Lb~ ITL L .QLQ-4HET. td UL.2  x1;G 1 ECCENIITRIC TY 5 N-OZ WRIL THI1CKN--s SS4
F1 .FZPF-FflRCE1 INT I-1,. OIRECTIIN-

Cp..

in F

CD~~ ~
I ~I3 -7

CDp

CJ

3 0 I .8.2? L2.3654 18.54

T I HEIs[ 77



.. ... ... ....2 ~ I ! I r

j7F IIF

C2

r t~ ~i-*tI I' - i~L

A N XE3 p 1 I, 3E 'I'

I I i r ,h- 4 n

7' ,- - -

Ii I
I , K

QM I I IIIIII 1

I '~, 0 II 4-H a

I t

-- 4~

i,' '. J ,

I'"'

__...,.i I----- -- K -- -4-- -



B'URr IN I
CD 1. -

C 8 INCH X 1673 PROJECT LE. 'M2C 1U E

1G CCENTRICTY 5 I-Z RLTICNS 3 I.
Ft.F2.F34I DIR'ECTI IN

3-~pRCET

I I X

3I
0 I 1 II

CDFI F -4--4Alr

-4K

09 3.18 3.27 L 56h.45 L8.544J _



-I B iOU_ T f P. R-
I8w X 7q. P9, ECTLF XM201 11tUBE__

clIF2. 34E IS '' 7Z" RL 'z Ik S 2 N.

'7 LU Y --
C ? 'k

02 -

~':iK 71
C)'I

I --44 I ..f 4.
It +I' ''

'4H- 1 T -1

iT. jl L 'I T



I p I A

IT isC I PII =0' p

C1. UMK D F-Oi T 4,N

G; TOlD 1 1 c T I ij

-~~4 t-4- fjJ ,

CD 00, r

*4 L

-T-j1,1

--- ,--.is



I I G IR Z 3
- I7

8 K X 1173 PR ECTIL' X I. UINITI-RoP01 HEIT 00dol. PHI~. E&
C-.0,E EfRIC T Y 51 D-oz4.WR_ JT KNE5 40 w
F1F il ,, =3 1C EIN RX[i -r 1 t - ' PIR CTL N

0 C-4~, TObITTf m3tlAN &STANG& DUCED iO 3 O 4D L AIi

-C- - -,

IT if

I~~~~ i '1 ± ~- r-

.00

1L b- ;
CT'



H

I
MZAZ TUBE

KI

A -- -~ -



*r If

_ TA

itJC LV 2L~

.. .... 01 0E .



.8 6"- C- PM 2

-tE~ IT U WLLL. -9'a

t5

.. .. .. .. . . .

* :V:

VU A

A-L

..... I....:..

1]4 1



.. .

1 NH 6 PO I tE 2I-P -. -Ip-r-nL.-

.. _ .. . .. ._ ..

nn. ;

85.



II I

* CiG.E-CCENTRICfTY to t-INOZlFWRi1 TKICKT~rS 00'- N:

_ _ r _ _ _ _ _ 0_

* 1 _ _ _ _ _ _ _ __ _4 -

*___~~~.. .....L... ..._



'' I FIGLJE 16c

81 Jii6 CHR J2Cl iLE1'M2 2TU3
-- T IN - P Qiv -; n r1 -TT ~ n Ann I f

CGe' ~It~ *W ' 2' L HN 4,'

0 71

I if 1, 1 111 1! 1 1 I

If7

~7
II. II M

I ill

j~tr r- fL rT4-d:,
1, Jt



7-

__T j

I H 7

IT, t fl -, W

ji
T _i"__n,T-v1TU-f--Pc,'

q Ic ,__fl T; OT_ TRML__4H TZ3 KN
77-

-T
-4-4

44-'
-71 ffIE"

-4 1

T
-4-4-7 -74-1

+

LI-L 1-4
7-

F4
it 4.4- 44-14

4 7___ T_ J4

-4-T-- _T7 -- VI

T
1-4 !- _Ir F -I 4_41+p 4-- T _41"

4

It

]it TE +T
it

TF-T-1-

T,-1 4 _f 41- it
_L7
44--t-

-- t-4+

jLLLL 7- -T--,-

Ll 4
r-L-i.l-' -4-;4-1- LitT, H A It , - , L -;4- q=, T -4t-I +44 1-1

_114 Li- 7
r

t-I# J -'T 7

-;IT- 144-t IT



, -. kla t -AO, ''  -T A , N FA. n' Tun.....
M61 RE I LE -M2

C.I dz__TUBE

I- TT *I ' . ,, -;- HP'" - h....
i . --. OO0!"-I-~PHI., - ~ t_-

;, R' L -"::N:5 -' 0 !! ...
S. .. . .... ...

t• I .. .,t.. ... .. . . . .I .. "

4L' - - ...4-aJ 1iI Q--- -
: -- 2 :- .. . . . . . . ... .

r w. .. ..: : . - - . . . .t + -.- I, ... __..

IF-

- ::T-. 14 ,,_ __. .

- --, -- Ic - " . ' .

, -I - I ,I T- 

"-"-"

J 4 A-L- L : r 7 , 49, ..

- v -... 140 - -

.L:. ,_ ... , '. . . i -:I N "



'r n

E MEII T-Y - Oz

VK- 0 . . . . ..

'7-,

wl.4 4 -1

.471, -

-.- L

cb ....
t

i~j~ *'-+~z~z* U-7

4--

_ -r

1
:~.~2JI4 :j~:zjT WI P4-t--- ~ L.

4 ~ ~~ .4 1f.4:V ti A,~,~ :.i1
11 T IIh



'-r--.. w

.E jEt. i I - .H "~i F ,r r s -_ ,N--
-J-

-,7 - 7-7

:141

-r, 
7 -1

7 _t_ TT, --I H +

777 LL -TL4J -

- ~ ~ ~ ~ ~ ~ II f1t**t1**I1i *i~



*.r~~~~~ T~4 --.-1

C-uz n- - T- r-T

±57 .- .TL 8H~ E--,N~

~~ IT_

in--

Q>:u.>~~. -7 .T JT ' 7:

1 7-

'I I



. . . . . . . . . .

18-:1 NCH. lRM6E 3t- PROJEC' T ,

-'C 'G TyccENTRIGIT.o 0 1'0 O L:ThCjWS RN 0T
.. . . . . . . . .

C2

.Lrl

2-76 Is BQ t

A r--- ---O



-P E--yJ-. -TU76-7 -N I ....M-- R

GE CENTRI C. I ty - WR TIIK S:4Li~

IL W

__ IN

OD- 
- .

r -. . . . . . . . .

-4- ~-41



iFIGUIE: 8 ~

8 1CH M63PROJECI LEjti2 TUBE

C. G. ECENTR Y (25-[ -OZi WRN --CK SS__0IN
-CD- ~T~CN~ 0N
CD ~IC.

1----

crI,
tog _ V

LL . : ______D '

IL J , _ _!

FL~T cr- IF1 ; 1. 1

C'L ) 
_ 

_:_

IIT

c F74E1 1 Ifi1 i11 i
co .iu CDL[R ~i I



______ ________ 7 ____ ___ ___ ___ lL

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

t I--I',

I -I--:_:-I_:

CD ... +I>-
.- if _KIIU1

F~t 

i 
-

jj<714

t -4.

-4 4- -f

t7 72j1



' -  ~~. ..r,........
.. .. . .. ...

I ]
'I NCHR.,.C7 I LER I M2 TL!EJ ,... ... .NI TTII ' 'pczr - F -n - " - I:'T Ann" - ' P T n -- h . . . .. . .:~ ~ ~ ~ ~~~~~L- -. .... . K, N::: .. ,: 00.PT -:',9 Sn --...-: I:: UI C-CENT..RICIT¥Y a it ROZ.V FTI.

.. .. .... ... c N,×m N, !N.F : : : :: :: :
. . . . . . . . . . .. . , . . . . . . . " " . . . . . . . . . . . . . .

_'r: T j .
----- L - - . . P-IT ..R .IE... ..T EN ER. .. .I :. :: . -

3- M .. T .. . . .. . . I5 I . Off. NO " ...... "'. ".

7.5..

T - T .~ ";""

i . - --7

71TE•71  :. :.:J .- 1

j.: f: I

- '7.

~~ 71P- p------

.t.

Ii6 lf;

.. . 4 P . . . . . .... . . . . . . .

~w. *.............7717777777



.....I~ ..-. .....

81 c H.l<167: 3, R JEC- t12-10

.-. G-., CEOfRM.TY 0 r Tl-02... 1WRL 1-'-- K 4 -
. .. .. .

-WU -- * *T~--

0 uw,.> A- I

-71-
* -2 .

- - - ~ A.H~+~ =7

Z~z~-7F
4 , ,.

c D.

1C34 t'

C3- 4, ,4, . ~ 4-* ~ -- a-



M,~~K -,;UE

CE lll. rT -?F-OZ A~R TH i R -5S 40'N
114-~o~ Et -CET O b iY ;J]Bw FT c rc

0 [T 1515

ILI!

I ~ 7 r ~ i T . Ir-L C3,. . ~j

LL'I

- I N!I
! . 1I11

i+ T - L4-I1~ I 911



i-i- t-- - L

'-_ 
--- 7T

E+;T 8-rNK ILI -- ;U T11CKN

~~~~~~~~~? ? ~ RT x~ P u.iet" ~ j3 ,~ i

+ J4+

* E~~~I -j-%- H-i

-4 4-Lk h h TI ti -- H
* -,It7j-:

4 Jt~~+ .4 
~9

_ -7 iIL4L4



"-;", -.8: :CH: C' I LI ''Ma 2:,t$L E.?

-n .. ,r r .. . n-1 -  .I'T

72211 E R-1

t ~cc -W " 1

..I .L.t1. .T.. .... .4A .I. "-

LI

F14 .... .. I _ _

CD. 4C -RCE1 01 O S$"

... N J.... ..... R14... .

- t " ' , , "

*1 o . .,

I T..

' ' '* I -

' LL- +TTtc+*' .cTT2F2

,*. .. . , , , , . ; : .+ .,-

tt

44: 4~ 4 , LL
~~ 22~z

.6 4-0
'1'.~* ~ ~ tTT1TTTTTTTTTTT'TT~>...j~, ..Fr



V ~ 54-4-4
~ Z~ L- t-- 1,7

.. .. fl .

~ ThFie,

14- - T K

<17



T C

K! KI M 7 1PRJ im, I',02TP
C.G. Mffg l I; 70Zia WL iTHIIdvN --SS 40 1 N,
FViF.F 3C I N RI A-1., MR C-t L I IN

CD Th

0 ti

I --

Fi l. rtir .

I mq2II~~1it



1 'CCEW4RICITY-13 ZW07''i
A-Ip I_ .

ez r4

it-f

r_

FT TtI* 4-41 i-tv{_Tf 2
t~~~~~~~~ ri t ~ L.4~_ _



MCLG GUN



*j.INCH.:P [OJECTfL E II'jLLG' N ..5.4.
i,-CENirRICTY:o OZ WR TH,-.:CKN -S 0 N

7.,

4' - 1 ..
* IT'

I~~ ~ ~ Th-.-~ :

3;0 . ::.4

it 77K



L:

I~~tH:E~ LL t:1h

7 -7 Iq- I I

_____ - - I

T- - 4 4

~~..~r 7~ 771

t~ r

it I
1,' 1, T i t

.44 7- -- 1



I N
V.,12firin, 11

TT I pq f.T

Tt ji4 4---

Lp; 4'[

-4-4

'-Ii-- 14 1

I- ihf2

IA--, LiA v- -- K 1y

1'. J- II
4 '

~- T

TLI 4--_ _

T 4

71 M_____



+1- 1-. K*I

IC T1.4

H-P IFfLf dUN

'II N *i 7..

-- - 1 U $ ' --T-jH4N

C 0- I

I- 7



I H J4:.

r QJJE El ri LG32 !N2':::

Nircir~. h tIR 5W~ SL0. N'..
*' .>v.: tc YI: i77

r.. 47 tt

- 1 -44- 
-1

I T

I t1

H4 T 4
t-.:f-

[11-1

T 4

4n, 4N Ifi

__ 
9 ,. . T I

444441 7.



6- 1'LCR RS--L,-
~~ TIL ~t

4- h -t P1 J:'HT

1 i71

FlVtvVi



T;~

6n 1ITY ~ T 1 yO7r, ,

~~ 4 -- ~~1~

rHr

Ti t

-A ~~

I-1 4-K

f4L- 44,I
~rf111-: 74p'

-a----- - 9 44--

4,4



I'l1 IT

1 -,1 P Ij ' h i . G

A ., 
, nC-I

';~~~~~ TiCL~Iu
CDPJ$T1 £17

LO -4V

*j IT

I.-7t

T T

7 f.

T-4'

-- - 4-~

r 4.2 J i + t +.....

f 7 -T f + -7 I j

'' -, ~ I~ t-1.7 T 4 jF ,TFi ,- ~ V
Of 3s

* ~ ~ . . ...... L 4 * '

4 ~-Q* ~ <l~f ~ ~ 2.:1;



OJE !TEtI.

I- T R .. bITf 1N

2- WPIL L~* ,8 .1-0 IN-

4.C Ufr2A{+ Q Q
C3 ~ '-~ jg.~~ T ~-

tt

=1 .,I 
I

13 C 6 . 39 -

'V* '''K ' V .4-- --
1 1 3



fl~F I -~T7
3 18 INLH PIROJE~j1~ MLC NF1 I i v

_to ' n. 'T'T T14 tB
J-~ - MNTRCT 0. 1 Z W TF=~K SSt

.17

-- .UC)JJ

LO .

__ _ __ _*1*

C?_ - i f -f~ ~ i~ ~ i:

IC *

c~l*ju
C>I

~ U, *I A 'A . *I: :
r. 1W

.31 4 .16i. '2 1 :! !, 7 ; *44

-R VI--



II
-- T

* IJ'l ___ 

2 -

-44 
-T

F~t ~ '"4 It4 J - - -I'

44-4

rrr~ 
tt 

*r,

4 
+

-- T 4

A ij4.

I' 1

r+ 
4,,



-7~

1-~- 4 rI4 4 1~ 1~T~4\V1

its t2 CY L~tP1 Zt- t Mt j4  N11T cr

.LLTT Ji

I~~ -- ~- ~ 4T~
_ H 14

I A

-7r r h
4~~1- -'J

-71 . 1-

o: it 14 Ift I I

o IIT

L -1-4 iT < {II

Iij r i '-l -

Li FH -' I-

t'I Ti -Af~t
*1 .41(14 1Tj; hqvk~~ 44



4 - --1

-- O KI i l 
-r-,,

i. id
7

1 T7~i

i--IL}I i ' ft 1,r N-l: :~>;1 ~ 1.I
-n--Tl tT I - - - -H

__ __ I-' .r ,
fF 4Q'

I - I-

F Tp ~ ~ ~~~A r~f4-~ ~K~



117
'5 ~~ ~ ~ 4 -4-~ F ~~~PV-

I - FFr ITTTF1~.44

71 ~~~T-: H I-- TI1=1 .. ~sTTTT

T -'-4

1 4.'

-1 4

IIIJ-
+ 'T

47 0~FlY~l~riL
CEC3I



af~<yzy~~1~~r~ ____I~~2 __w-l - H'- I

i . - I t,'

17- j 414 1 T- Ti*

ft 1jj ..T. It __z _

-4- -N, T

l'-*~ 1-~ 4 i T 4-tI4'.

-A-

AL L

- I iV~~

4--H

*IT - t- -t-

4 4-* 4 $~I ,

14 I JL'T-i I4 '41 1 ;i; I Tj: ,j 1~

IIt



GhcVIR i'A

H1 L

U3 1 bul , ON

C ~ T RXl PIT 1 ~~ C 4,
4 v?

MT .t ' fj I I

i1- AT C E

-1-!- t T

jI t r r. 1.rLT J

'-I--kr-il-

cr -~ ~ -'p.
1 *7.1

LiL
IT I-* I

t+ r-'

___ Ji~ ~~~j2

4 V,
~1-



- . ,1- . -A

17r

1 
i .

I 1 

.,4.-1,-.

I H \ 71

rii ue*'v t

I 
'

AT I 'F' O

t 4

' 7'

41-'

J.,4

dt i ~4

' _: _, i~

~U:L~4l~t>7 '+ 
___ ''

14 1: 4 ;

.~i; ~''m ~'r
~~H1~-~~1 ~2 M~lh I



______ _______ __ :1. FIGU -F-364I .: :v .:

7jc~~~A IF JRj -hOn- -N tj

* JJ -- n,.. 4 PPI:.~j T~S -- :n- ,: r,I'-E-CNRI-T 'THRURN771t l7a
............................

CD A

. . . . . . . .

U- 11 ~-
[joI**,-*---

C) _ _ - __ . ,.

.JD4 *8

CE . . [r

-



.1q --

*~~~ OB:~GG I3 fJ~TYI O 0Z2 'WA_ TjICI(RN S4H9

........................ ... H....

I . . . . . .. *

14.

t I

411

f
-4 74

~ I

11.1
A I



INI

C? IC PirO U t I .. ..

___ ?__ TTT ________ 
1..... tW1.E. T...I...... ftl

_n n. - twI n

C! 'IKN 140-1N :f

;G- C N1 fRIC ATY~ 0-14- ~LRT

4 1 f -. :I

I:.:.... coI

cz, .

".--- -

)

I 1- f

.6 -I _ jiiI.. .'Ga

T-1 E.~'I.1



~~~1 1 1I,.

44--

Tv L I L %J6kL

.21i 1 7 4':1 7 7 
-C

VT 7

.~*.I7 -IT
~1.

0-92 14 18I.2

77'I :



IN_ TIRC -1V L T

TKI T rI

-1,N- X- -.L -0 11114;;;,

3- R I 1-L '4

c 10j

e4-..
771'~ ~ 1

~t

L{J

TV

0 Lb%~*
r7', .TI

-tt:'

CD~

~-H~t~I1Ei T-- ~r



MK-16 GUN



I
-1 Ri- -

Tt T I PHI=,n-,EG,

IT-

1 4

(r-)1 ITI T I7 7 V

i IIi I I II t

I li

v Ij

F J It



V, E. 0 CL II -. l~.8 ELOLLFOECiW1C MK 16 _

T-ILNIfi -n __

C~.. CE'fRIITY 4 1Z~ ICK ESS 1.40 IJ.

10
C; -s

Nl L. ...

-- 47

N Ik

C)- , i 612 L-80I

-r
Z 3



IN(H FllOJEC T H K

'70 4 t T*- -- 1  4 G.i' CCt~ TRI V Y t ' L I ESSr4 1N.

1, IT

iti

.1 Id !
Jil

iII4'I ; '
~~ - -~i - i.- 4-rt4



C'E1 N -

IC PROJ ECTE--JM 16 -U - 7 n-~CE~T1 T ET i K S&'-40 N\o
I

I7-

IR



.- 4

Ci-,,- OUR R- EL --- C N]ER

E I FPU) t4OC

CGE - C I --8S 4

IT 
-

41T

j:-

~4 ~ F 7,

pol
...... __ ..... _.

7i77 H'TT 1-



FIUI40d I

j N !i i3 Q ,, H

HFT4 - I- -- -. -

CJGL IC N TRICZI 0 Wi THfrCKN 4fN

711
0 .-- -~ .L

iA7 - --

H-4 4

I~ II.



I F l 41a

'01"lp-tM- rTtT T HN

;'G.,iCETk -C Y !0 10Q'~~ 1CO ESS .40 IN

'44 i

4.,.

lilt'VTlT1-TV 77

I Ij

IT aR

11'33 TI 1 VT I'



I I I, 1i

i-I t

L .Ly. SYN o I

14-1 ,

if

29-r r7I I I 3, r1



CON _0__-. . .. i

f INCHPR

:.jr C)
C? - I--EDI I

CD_- 
- = - - v -

C?_ 
_

C .3I- !I2K,1V

L"ii

C3 
7f

CD

07

44: -,47
W E~4Lj4J i



T"YE~i EC~ETtONr

C..ECEN RIE'T 0; ijQt TOZ THCKNES~ON

CK :S ± 4 I N

L L

LL~cLL

ID!

~-J1

S, H

443 .27 7Lot-~-i-<



- 7I

f IN FpO WEd8iILE I' UL1 i

~CIG CC TRI IiTY! 10; -oz 1 I; L R I M E , 4

C) 1--.-i~ 
~I 

T- 
I

LLIJU

LgN 1

L)L

>+* -t 'dT _

(n 2.1 14-

I C? 7



IE I= Y-I4

* I MK- II

T IU ridJECTILE ijI

G 1EN1RICITY 0O R-07OZ R4 TiII'QNES 3 40' N.

91 i 4ftl pD

CE 71

cD I--- 1 1 1'

Y ' I

I IiI I'T

o. I' r1-t

1311



C3 IN -, ~ i m.J

9 ) I
IN tf -F t--n -- Tf --,n i -H n. mO.

8 -_i TKIN EN R I __" s 0"' H4

Ir I '

I ()L...2- ~ lif

I J i l l

M8~ T

R Hr/

a:L' L.! -S- <

4.;c CO~



I FGUR] 4Zd

C;1 1jYR RNCHR. LEK "ILE RKbCG'I
I~~H ff.E INCPRECI;I I

b1.ECEN-iTPY 50, 11$0 o WAL.. TH IC'K S140 IN.
I I I-r-I-..--...0

I .-..-.-3-.............I

QC) I L rT

jt '
F I 
I II

o I LMK: iI T
I r I

C;;
m 4~ iIK

Iq C __

CC i

TK
~ L~LL. I7



INCH PQJECTILE.J1K 16 (;N

C.G. ' CCEN11TRIC I TY I'' -flZ WRtIL TIltKNESS,4O N.
CURVE 1-4-C.RS CIEI1OFA RI-

0 1 . II

-3---R-C -R7 RX IRL~ p hI N, .0iN. IF NO$E 1

r --- r-- 1
?- .2 I I '

kCID

I

LiL

-~IV 7VT

-

-1

04.26 8.52 129 Q7.01-4 21.90
7pi , I II

1M +



FIUE43b*

NOR" ~E F--'--'

A00 N~7JEC ILE M1l t- N,

CI 11:R LAN Ii C 't D.O -OZ WR L THI;CKN -SS .4d N.'1

3-~Y *ELCC. OT AXALiPOZNT XT U -- LF
7' t-, L

C-0I 'j

4I i- I'I -

'I i1A

1zI
P4-,I-4

- I I-7

4-r

T T i' ~ Z

I H:':T
.0 I, +'Th

Im



j I I FIURE 43cI

E INCH PR JOILF, r-16, JN
21T 3IIL PS WI ~T Am =nji n{4za

~ I G.:::CNrIPY --01 5 1. RfTHjICKNESS' ~4ON

:i~~AXIAL P CINT Is:,1[N III

I .- ps

I 'A i

h L.L

J6q4'*/ f.U I O

-11 Ia

I 143



I ,I GU E'434 1,

3B -- C - -0....

I NCHIPRI J K , ' EI
L_ I E .. .I., n j .HI

Ci. . CNIRIC Z ,,IL "1 0[,1N S L 4--l- - -

j' fF l8% --- "-RLZN °TlU.'t i /-
IRVE~~ I--C A T

it I T

I C - I 4Oh4S
SLKLC .1I I -1

' i, ,t

- H-- -7 T

I T

(_ 0 nI <.,

C 4

I l .26 2.,3

II& i., i. 1



'IGURI' 44ia~

4)L ELEJN 1CFaOR'E
18 IN H P50JE f-ILE, I16 G

TR y TY 01 Ill L TCK.CESS .4 !IN. -
F Ih.r2F-ORCE IN OX 113- 21-. 1ETO

T1 T-7

I4 4

I--7

J,,

D 4.2 52 Lt

09 I~tt1.15



R- ROU EP L T , N6 fl f' F
E_ I NCH p R IJ E t 'LE,:MR-

C IG .' E CCE fW L T 11,;RL H 'KN b

FI F2'F3-FORCE I -III~t- T I
LOI

LL 1- L4

4 _4 T II

- It IL.-

T7 I EII
146ii'I



INCR AN~ '~ Il 6 N
CiP 3l )IC t - M- 16~

C, GN RCC IT'I 6' t~ -OZ WRL TH I CKN S5S 40 IN.
Fk3:pc E IN pL f - DlR CTIO K

- ~---- 7-1 -

III

Lr

II1



F~ ~IGUF 4J

B BOLPELE.T' CqNtRCT FLIRGE
8 NCiPROJECTILEJ MX1116 GUN 11

0'0 THET=q 01,! PHli- :O- -
C.G. E -CENffi TY $0X I -OZ.,WRLL.. THIICKN SS ~.0 JN.
F~i.F2.r3-FJRCEj INR1--',- I TO

I j

TII IS
* 1143



DISTRIBUTION LIST

Copy No.

Department of the Army

ATTN: DARD-MSN
Washington, DC 20310

Department of the Army
ATTN: DAFD-CN 2
Washington, DC 20310

Commander
U.S. Army Combat Developments Command
ATTN: CDCMR-U 3

Fort Belvoir, VA 22060

Commander
U.S. Army Combat Developments Command
Combined Arms Group
ATTN: CAGD-F 4
Fort Leavenworth, KS 66048

Commander
U.S. Army Combat Developments Command
Artillery Agency
ATTN: CAGFA-WC 5
Fort Still, OK 79916

Commander U.S. Army Combat Developments
Command
Nuclear Agency
ATTN: LTC R. Rogan 6
Fort Bliss, TX 79916

Commander
U. S. Army Test and Evaluation Command
ATTN: AMSTE-NB 7

Aberdeen Proving Ground, MD 21005

149



Copy No.

Commander
U.S. Army Materiel Command
ATTN: AMCRD-WN 8

AMCbF- N 9
AMCRP-K 10

5001 Eisenhower Avenue
Alexandria, VA 22301

Commande r
U. S. Army Materiel Command Field Office
ATTN: Mr. C. R. Miller 11
Kirtland Air Force Base
Albuquerque, NM 87115

Commander
U. S. Army Araments Command 12
ATTN: AMSRA-RE-NP 13

AMSRA-RE- CN 14
AMSRA-QA-NR 15
AMSRA-LN-MC 16
AMSRA- LN- CD 17
AMSRA-MS-NM 18

Rock Island, IL' (1201

Commander
U. S. Army Ballistic Research Laboratories
ATTN: AMXBR-XSG 19

AMXRD-BSP 20

Aberdeen Proving Ground, MD 21005

Commander
Harry Diamond Laboratories
ATTN: AMXDO-DCB 21
Washington, DC 20438

Commander
Naval Ordnance Systems Command
ATTN: ORD 0523E 22
Washington, DC 20360

150



Copy No.

Commandant of the Marine Corps
Department of the Navy
ATTN: A04F 23
Washington, DC 20360

Commander
U. S. Naval Weapons Evaluation Facility
ATTN: Code SWA
Kirtland Air Force Base
Albuquerque, NM 87115 24

Commander
Marine Corps Development and Education Command
ATTN: G. 0. D. Development Center 25
Quantico, VA 22134

Commander
Field Command, Defense Nuclear Agency
ATTN: FCWD-C 26

FC/SME QALD 27
Albuquerque, NM 87115

Director
Division of Military Applications (USAEC)
ATTN: LTC F. Akiyama 28

LTC Berrier Z9
Washington, DC 20315

Manager
USAEC, Albuquerque Operations Office
ATTN: Mr. D. Overton 30
Albuquerque, NM 87115

Director
Los Alamos Scientific Laboratory
ATTN: Mr. L. Horpedahl 31
P.O. Box 1663
Los Alamos, NM 87544

151



Copy No.

President
USAEC, Sandia Laboratories
ATTN: Mr. W. Alzheimer 32
Kirtland Air Force Base
Albuquerque, NM 87115

Director
Lawrence Livermore Laboratory
ATTN: L-24, Mr. G. G. Staehle 33

L-125, Mr. C. Wraith 34
P.O. Box 808
Livermore, CA 94550

Commande r
Frankfcrd Arsenal
ATTN: Mr. H. McGrady 35

Mr. D. Lenton 36
Philadelphia, PA 19137

Headquarters, Department of the Army
ATTN; DAFN-CNN, COL Cowan 37
Washington, DC 20310

Headquarters, Department of the Army
ATTN: DARD-MSN, LTC F. Hungerford 38
Washington, DC 20310

Commander
U. S. Army Materiels and Mechanics Research Center
ATTN: AMXMR-K, Mr. F. Rizzitano 39

AMXMR-T, Mr. J. Adachi 40
Watertown, MA 02172

Commander
U.S. Army Watervliet Arsenal
ATTN: SWEWV-RDD-SP, Mr. J. Busuttili 41
Watervliet, NY 12189

152



Copy No.

Vice President
Sandia Laboratories
ATTN: Div 8177, Mr, J. C;ison 42
P.O. Box 969
Livermore, CA 94550

Commandant
U. S. Army Field Artillery School
ATTN: ATSFA-PL-FM 43

ATSFA-CA-NW 44
Fort Still, OK 73503

Director
Materiel Testing Directorate 45
Aberdeen Proving Ground, MD 21005

Commander
U. S. Naval Weapons Laboratory
ATTN: Mr. J. Logan 46
Dahlgren, VA 22448

Commander
U. S. Naval Ordnance Laboratory
ATTN: Mr. R. Schlie 47
White Oak
Silver Spring, MD 20910

Commander
U. S. Naval Weapons Center 48
China Lake
China Lake, CA 93555

Defense Documentation Center
Cameron Station 49-64
Alexandria, VA 22314

Commander
Field Command, Defense Nuclear Agency
ATTN: MAJ L. Brown 65

Livermore, CA 94550

153



Copy No.

Commander
Picatinny Arsenal
ATTN: SARPA-CO, Mr. H-W. Painter (IN-TURN) 66

Mr. A. Dorfman
Mr. R.C. Lundquist

SARPA-AD, Mr. V. Lindner 67

SARPA-AD-D, Mr. J. Dubin 68

SARPA-AD-D, Mr. E. Buchanan 69

SARPA-AD-F, Mr. F. Sedlacek 70

SARPA-AD-D, Mr. A. LoPresti 71

SARPA-AD-D, Mr. J. Matt 7Z

SARPA-AD-F, Mr. F. Saxe 73

SARPA-AD-E, Mr. S. Fleischnick 74

SARPA-ND, Mr. A. Moss 75

SARPA-ND-D, Mr. M. Epton 76

SARPA-ND-D-A, Mr. J. Drake 77

SARPA-ND-D-A-l, Mr. D. Costa 78

SARPA-ND-D-A-Z, Mr. C. Spinelli 79

Mr. P. Fritch 80-90

SARPA-ND-D-A-3, Mr. H. Posternack 91

SARPA-ND-C, Dr. L. Nichols 9Z

SARPA-ND-C, Mr. F. Scerbo 93

SARPA-QA-N-A, Mr. A. Biasotti 94

Mr. C. Merrick 95

SARPA-FR, Dr. E. Sharkoff 96

SARPA-FR-S, Mr. J. Gregorits 97-98

SARPA-FR-S-R, Mr. G. Demitrack 99

Mr. T.M. Roach 100

SARPA-FR-S-A, Mr. A.A. Loeb 101

SARPA-TS-E, Mr. R. Geany i02

SARPA-TS-T, Mr. M, Costello 103-108

SARPA-AD-E, Mr. D. Katz 109

SARPA-AD-E, Mr. W.G. Eppler 110

SARPA-AD-E, Mr. C. C. Cavanaugh i

SARPA-AD-S, Mr. F. Menke 112

Dover, NJ 07801

154



-_ 1O'Fm TTAT, ,

SecurtY -Classification -

DOCUMENT COHTROL DATA - R & D
(Security classification of title, body of abstract and indexing annotation must be entered hen the overall report Is clui lled ,.

I. ORIGINATING ACTIVITY (Corporate author) I2a. REPORT SECURITY CLASSIFICATIONC onfidential

Picatinny Arsenal, Dover, NJ 07801 2b. GROUP

3. REPORT TITLE

(C) TRANSVERSE MOTION OF 8 INCH PROJECII LE, XMf673, IN THE XMZ01, M2A2
GUN TUBE, MK-16 AND MCLG GUN (U)

4. DESCRIPTIVE NOTES (Type of report end Inclusive dates)

5. AUTHOR(S) (First name, middle initial, last name)

Szu Hsiung Chu

6. RPEPORT OATE 7A. TOTAL NO. OF PAGES 17b. NO. OF RFS

August1973 154__
84. CONTRACT OR GRANT NO. OA. ORIGINATOR'S REPORT NUWDER(S)

b. PROJECT No. Technical Memorandum 2103

c. AMCMS CODE 6646.03. 12263 9b. OTHER REPORT NOS) (Any other nmb.r , atay be asliedthis epot)

d.

10. DISTRIBUTION STATEMENT

Distribution limited to U. S. Government agencies only; (test and evaluation);
(24 Jan 73). Other requests for this document must be referred to Engineering

Sciences Division, Feltman Research Laboratory, Picatinny Arsenal.

Picatinny Arsenal, Dover, NJ

13. ABSTRACT

The dynamic behavior of a projectile during acceleration in the gun tubs requires
a quantitative discription, since if balloting becomes excessive, undesirable
conditions such as damage to fuzing, shell body engraving, inaccuracy of fire due to
yaw, and yaw velocity at the muzzle may result. The approach taken in this report
utilize the equations of motion derived in an earlier report titled, "Transverse
Motion of an Accelerating Shell" g] to descirbe the balloting motion of the 8-inch
XM673 projectile fired in the MK-i6, MCLG gun, XM201 and M2A2 gun tubes.

Most previous solutions which have appeared in published works to date dist-usb
the problem in a simple way, or considei separately the main factors that effect
projectile motion. Effects of friction forces at the bourrelet and the driving baud,

changes of the eccentricity and the location of the center of gravity, and the wall

thickness of the shell were considered in this formulation.
The analysis shows that the contact of the bourrelet on the gun tube is intermitter

when the C. G. eccentricity is zero or very small and the contact is continuous when

the eccentricity is large and that this parameter is the one that most effects the
performance of the projectile and the assoicated fuze. The analytical results are
presented in graphic form.

DD ~~..l473 RPLACUS 0ORM178 JAN 44 WHICH ItFDN IADD INov6.173 SOLKS F~t MMYUSX CONFIDENITIAL

rity Clsslificaton



CONFIDENTIAL
Security Classification

14. LINK A LINK 8 LINK C1 KEY WOROSI ROLL' WT ROLE WT ROE W

IBALLOTING
TRANSVERSE MOTION

SIDE FORGES

ARTILLERY
CANNON

CONFIDENTIAL
Security Classification


