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Using a Le Duc representation of the pressure-travel curve, the
linear and angular velocity and acceleration of the projectile are de-
termined as a function of travel within the gun tube., With the motion
parameters established, the set-back force, spin force, and spin moment
are calculated as a function of travel within the gun tube. |

Based on these equations a computer program is developed which out-
puts, both graphically and in tabular form, the force, moment, and motion
parameters for the projectile during the interior ballistic regime. The
program requires the input of the projectile weight, diameter, polar
moment of inertia, muzzle velocity, gun length, maximum pressure, loca-
tion of maximum pressure, and the rifling twist., A FORTRAN listing of
the program is given and the program illustrated by a sample problem,
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INTRODUCTION

Currently, improvements in projectile design arc concerned with the use of
thinner shell wall components in the round itself and the replacement of conven-
tional copper rotating bands by those which use a less critical material, Before
changes of this nature can be adopted, it must be guaranteed that the projectile
will maintain its structural integrity under the severe stress patterns developed
by the loading during the launch cycle. Under these circumstances, it is required

that the impressed loads be determined with detailed accuracy throughout the launch
cycle,

For most projectile-gun systems, pressure and velocity travel curves are
available for a range of muzzle velocities. With this information the linear and
angular acceleration of the projectile are readily derived. Once the accelera-
tions are established, the magnitude of the critical forces and moments acting on
the round may be deduced as a function of travel within the gun tube,

The most important forces imposed on the round are the axial or set-back
force and the spin-producing force which acts at the interface of the rifling and
rotating band. This force develops the spin necessary to stabilize the round and
determines the acceptable rotating band materials and configurations. The set-
back force causes axial compressive stresses to act along the shell body. Thus,

the set-back force limits and establishes the acceptable shell body materials and
dimensions,

In this report, the equations which express the pressure and the resulting
axial force, spin force, and rotational torque on the projectile, as well as the
linear and angular velocities and accelerations of the projectile are presented
in some detail as a function of travel in the tube. The resulting equations are
then applied to determine these parameters for a projectile-gun system for which
pressure and velocity travel curves are available.

OBJECT

1. To assemble and present in sufficient detail equations which define the

loads imposed on a projectile and the projectile's resulting motion during the
interior ballistic cycle,

2. To develop a simple computer program which will print and plot the forces
and resulting motion of a projectile during the interior ballistic regime,

RIFLING

During firing,! the rifling in the gun tube interacts with the rotating band
of the projectile in order to provide spin. The projectile spin must be suffi-
cient to resist the overturning aerodynamic moment developed on the round during
free flight and maintain stability of the round.

t. Army Matericl Development and Readiness Command, Engineering Design Handbook, AMCP 706-252, February 1964.
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Profile

Because the rotating band material is relatively soft, the lands engraved on 5
the band must be sufficiently wide to maintain the band's structural integrity 9

while transmitting the spin-producing torque. As a result, the rifling grooves !
must be wider than the lands,

It has been found empirically that a groove-to-land width ratio of 3/2 for %
the rifling will, in general, give satisfactory performance, thus

W

c = LS W (1)

where W = groove width of rifling
W;, = land width of rifling.

In addition, it has been established that approximately eight grooves per
inch of gun diameter are adequate, or

N

Q

c=8D (2)

where Ni; = number of grooves (to nearest whole number)
D = gun diameter (inches).

From Equations 1 and 2, the widths of the lands and grooves may be determined,
thus considering the interior circumference of the tube

™D = NG (WG + WL)' (3)

Substituting Equations 2 and 1 into the above

WG = 0,2356 inch
and WL = (0.1571 inch.

Empirically the depth of the rifling groove has been determined as

h

0.01 D (4)

where h

rifling groove depth (inches).

From the above equations a general rifling configurations is readily calcu-
lated for any diameter gun.

Twist
Twist is of paramount importance because it is directly related to frce flight

stability. 1In general, a gun tube can provide either a constant or an increasing
twist, The equation for the rifling curve is
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= pxn (5)
and = RO (6)
where peripheral distance along rifling

constant

axial length along the gun tube

exponent which defines the rifling curve
radius of gun tube

angular location along rifling.

D0\ KRTS ~< <

The constant p is determined as follows
dy/dx = tana = npx"-l. (7)
Now at the muzzle
X =1L

and tana = tanaE.

Substituting this into Equation 7 gives
p = tanag/nLP-1, (8)
Substituting Equation 8 into 5
y = &anaE/nL“‘9 xm, (9)

For constant twist rifling n = 1 and (8) and (9) become

p = tana (10)

and y = (tana) X (11)
where a is now everywhere constant,

For constant twist rifling, the twist is usually specified as the number of
projectile diameters (calibers) the projectile must move along the gun tube axis
in order to complete one revolution, i.e., Ny calibers/turn.

Using this information in conjuction with (6) and (11), and

y = 7D = tana x Np(cal/turn) x 1l(turn) x D(in./cal)

and tana = (7/Np). (12)
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PROJECTILE MOTION IN GUN TUBE!,?

During firing, the pressure developed by the expansion of the propellant
gas drives the projectile down the gun tube. During its passage through the tube,
the projectile's rotating band engages the rifling of the tube and imparts an
angular motion of the projectile about its axis of symmetry. The forward and

rotational motion of the projectile are of major concern., These motions establish

the two critical elements essential for satisfactory exterior bal.istic perfor-
mance, namely, muzzle velocity and projectile stability. Also, when the motions
are delineated, the forces and moments acting on the projectile are readily re-
constructed and the projectile can be efficiently designed to maintain its struc-
tural integrity throughout the launch cycle.

Velocity

The linear velocity of the projectile during its passage in the gun tube is
usually measured at discrete intervals along the tube and for a range of muzzle
velocities, This data is then presented in graphical form. With this informa-
tion the linear and angular velocities and associated accelerations are readily
represented in mathematical form,

a, Linear

It has been found that the velocity-travel curve is accurately reproduced by
means of the Le Duc formulation in which the instantancous velocity is assumed to
be a hvperbolic function of the distance travelled in the tube, thus

V = ax/(b+x) (13)
where V . instantaneous velocity
v = distance travelled in the tube

4,b = empirical constants.

b. Angular

The angular velocity of the projectile about its axis of symmetry is calcu-

lated from the equations which define the rifling curve and the linear velocity,
thus

y = R@ (6)
, dy o, d8 de\/dt
and I = tana = R Ix - R (3?)(3;)

tang - Ré/V

and the angular velocity is

§ = V tana/R. (14)

2. HAYES, 71. J. Elements of Ordance. John Wiley & Sons, Inc., New York, 1938.
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Substituting (13) into (14) gives

8 = (tana/R) (ax/b+x) (15)
where & = d0/dt = instantancous angular velocity of the projectile.
Acceleration

a., Linear

The linear acceleration follows directly from the linear velocity as expressed
in (13), thus

dv _ (b+x) a dx/dt - ax dx/dt
dt (b+x)2

and simplifying gives
a_ = dV/dt = (ab/ (b+x)? V.
Substituting (13) into the above,
a, = a2 bx/(b+x)3 (16)

where a, = linear acceleration of the projectile.

b. Aggplar

In a similar fashion the angular acceleration is obtained from the angular
velocity, thus, differentiating (15)

w d6 _1d

: t

N
o
f
|
a1
=2
ot
w
=
£
i
O]
la.
ot
—
&l&
N
—
353
—

j - 1 |d%xdy. dxd [(dy
and S‘R@‘de*—t‘dt(dx)]
5oL [(e2x) (ax), (x) (a2 ) (dt) (e
R \gt2/ \dx dt / \dt dx/ \dx/ \dt
[ 2
g - L|(92x) (dx) , (dx) (8%
R a2/ \dx dt ) \dx?

g = %-[ac tana + v2.i£§%EElJ. (17)
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For the casc where the rifling twist is constant

d tang

dx =0

and (17) reduces to
6 = a./(R tana), (18)

Substituting (12) and (16) into (18), the angular acceleration is oXproessed
as a function of the rifling twist and the distance travelled within the gun tube,

e o bx (1)
0= (b+x)3 (ll) (NT) (19)

FORCES AND MOMENTS ON PROJECTILE IN GUN TUBE

The expanding propellant gas acting at the base of the projectile drives the
project ile forward and at the same time spins it about its axis of symmetry., ‘The
spin is produced by the force systom created by the interaction of the lunds of
the rotating bund with the rifling grooves of the gun,

Pressure and velocity data are measured ut intervals along tho longth of the
tube during firing., The pressuro and velocity data are usually presonted in
sraphical form and are readily available for most projectile=gun systems. The
measurced pressure is utilized in overcoming friction and in imparting linear and
angular occeleration to the projoctile,

Thiv information, in conjunction with the ritling curve and the projectile
paramet ors, permits the calculation of the furces and moments acting on the pro-
jectile ut any point in the gun tube,

Because it is less cumbersome algebraically and most convenient to develop
t11 the forces and moments from the velocity travol curve, this procodure will be
adopted in this report.,

Axial Force

The axial force is coincident with the.axis of symmotry of the projectilu
and results in the forward acceloration of the round.

For this determination, it is conveniont to dorive a forward velocity-
producing pressure Py from tho hyporbolic velocity formulation, Tho magnitude
of the pressure obtained in this fashion will overywhere be less than the actunl
measured pressure in the gun tube, This is so bocause the measurod pressure pros
duces the linear velocity and the projectile spin, overcomes friction in the tube,
and accelerates the propellant gas and dobris,

However, the velocity-producing pressure Py follows the same geneval contour
as the actunl pressure Pg and differs from the actual pressure by a smull multip-
licative constant,

TR R T T - o -
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where I, = axiul foree i

Py = proessure which produces Hnear velovity
A = base aron of projoctile

Mp w projectile weight g
age ~ linour acceloration

P = measured pressure In gun tube

Gy = empirical constant,

Substituting (16) Into (d0) gives

Mp we hk i
44
by * A (b+x)‘ (44)

el

The meusurved prossure amd uxinl force ave obladnud an d funvtivin ul pirve 3
joctile travel from (20), (41), and (Ad), thus

th,uﬁ hx
ariiyyer (d3)

I

%L.“l bix

The distunce along the gun tnbe at whieh the miaimim presauye vvvies (s ol
critleal concurn, At thls puint the wtrvewen tn the gun dind the projevi il dav
both at o muxinum,

; This divtance I dotopininod by oguating the flest desivetive ui the jhessiiy
! with rospuct to X ogual to 2o wd sulving the yesulting st o o a1

) thisv is donv, it is found that

{ X¥ = h/2 Ldv)
; whore X* w dintance along gan tube at which maabmum prossury vecurs

‘ b = Lo Due constuant,

P | Tho weximum prossurvs amd foprces doveloped o Che gan iiv e ulita bisd by
; | substitutiug (25) Into (22), (2¥), wnd (4d),

| T™is glvos

? PV ‘(4/J7HMP/A)nu/b LA
‘ na X




Py 4/27) M, a2/b (27)
P 4 (01/27)My/A) a2/b. (28)

The constant 0 follows from (26) and (28), thus
G- pUmax/meax, (29)
Spin Momunt

The torque which produces spin about the axis of symmetry of the projectile
ly ylven as

“"

-1y 8 (30)

wheaeuw 1« torque about axis of symmetry
lp v polar moment of inertia of the projectile
0 w instantaneous angular acceleration,

substituting the expression for the angular acceleration as given by (17) into
(30),

IO U“/R)[uc tana + V2 d(tana)/dx]. (31)
U8 the 1wist 48 constant, (31) reduces to
b1y g tana/R. (32)

The rovgue may be expressed as a func' ion of the travel in the gun tube by
sbitltutding (12) and (16) into (32), thus

2
I« (1p/R) (n/Np) [%m-"-’)‘?] (33)

Comparing (22), (23), and (33), it is seen that Py, Fa, and T vary directly
inoa function of the linear acceleration., Because of this, plots of all three
plant it ton will have the same general contour when expressed as a function of x,
Ao the maximum valuo of each of these quantities will occur at the same loca-
Clon derinod by (25),

win toree

Phe "o cx which cause the projectile spin are developed through the inter-
wtion ol cho Jandy of the rotating band with the rifling grooves.

fhe torees pesulting from this interaction are depicted in Figure 1 where it
by b ) !h(!‘

Iow Ny (vona v sina) (34)
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(N cosa) R (1 - u tana) (35)

where N = normal force acting along the depth of the lands
u = coefficient of friction between rifling and rotating band,

Now substituting (31) into (35),

[ d(tana 2]
N =(I /Rz) 8¢ tana + V2 dx . (36)
(P cosa (1 - u tana)

For a constant twist rifling (36) becomes

d¢c tana
N = R2 . 37
FP/ )cosa (1 - u tana) (37)

This result may be further simplified by recalling that
<l
tana << 1
therefore, (1 - u tana) = 1
with this approximation, (37) may be written
N =1, ac tana/ (R2 cosa). (38)

If (16) is substituted into (38), the spin force may be expressed as a func-
tion of the distance travelled in the tube, thus

N = I, tana a2 bx/[R2 cosa (b+x)3]. (39)

Y

A
)
O
Z
7
(=]
4 N N cosa . . .
q \ Figure 1. Force diagram due to interaction
x of rifling and rotating band.
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RESULTS AND DISCUSSION
Rifling
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A typical rifling profile for an artillery weapon is illustrated in Figure 2,
Using (1), (2), and (4), the number, depth, and width of grooves for a typical
artillery rifling configuration is plotted in Figure 3 as a function of the gun
diameter. These figures detail a representative rifling profile, In practice,
deviations from this norm are introduced for a variety of reasons., However, the
initial design of a new artillery weapon usually starts with the typical profile
and alters this result to conform with stringent mission requirements.

The rifling twist imparts spin to the projectile in order to provide gyro-
scopic stability to the projectile when it emerges from the muzzle., The spin
must be sufficient for the projectile to resist the upsetting aerodynamic forces
and moments developed in free flight and to cause the initial yawing motion in-
duced at launch to damp out rapidly., To perform satisfactorily, the axis of
symmetry of the projectile must be maintained in substantial alignment with the
instantaneous tangent to the trajectory as the round proceeds to the target,

B QSBT3 A B iR 5 AT

The rifling may develop the required projectile spin through either a con-
stant or increasing twist, With an increasing twist, the final spin imparted to
the round corresponds to the twist at the muzzle. An increasing twist is used
4 primarily to reduce the peak maximum forces and moments developed in the tube
E during the launch cycle,
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Figure 2. Typical rifling configuration.
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GUN DIAMETER (ins)

Projectile-Gun Parameters

The equations presented herein are sufficiently general and apply to any

However, in order to illustrate the vari-
ation of the force and motion parameters as a function of travel in the gun tube,

specific projectile-gun parameters associated with conventional artillery shell

artillery projectile-gun combination.,

will be assumed.

a. Projectile

Weight - 96.0 pounds
Diameter - 6.0 inches
Polar moment of inertia - 495 1b-in,?

b. Gun

Caliber - 155 mm
Length ~ 200 inches
Twist - 20 cal/turn,

DIMENSIONS (ins)

Figure 3. Dimensions and number
of lands and grooves in typical
rifling profile versus gun diameter.
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Of the many pressure and velocity travel curves available for the 155-mm
artillery cannon, Zonc 8 results will be used.

The following data is extracted from a representative curve

Muzzle velocity - 2,800 fps

PGax - 53,900 psi

X* - 22,5 inches,

X* identifies the distance along the gu: tube where the maximum pressure
PGnax occurs. With X* known, the empirical —onstant b which appears in the Le Duc
velocity formulation, Equation 3, is calculated through Equation 25. With b es-
tablished, a is determined from (13) by noting that V = muc-zle velocity 2800 fps)
at X = gun length (200 inches). When the constant terms a and b in the velocity
equation are known, the force and motion parameters are readily calculated,

The pertinent equations which describe the motion of the projectile and the
forces and moments which produce that motion were programmed for the computer.
The plotting routines available from the computer were used to develop the graphs
presented in Figures 4 to 8. The FORTRAN listing for the complete program is
given in Appendix A. The projectile-gun system parameters detailed above were
used in performing the calculations. The gun-tube pressures, linear and angular
velocities and accelerations, the axial and spin forces, and the torque are given
as a function of travel in the gun tube in the table in Appendix B.

It is noted that for the constant twist rifling assumed here, all the impor-
tant force and motion parameters except the linear and angular velocities are
linearly dJependent on the acceleration and thus the pressure. With the exception
of the velocities, all the curves discussed below effect the same general contour
as the pressure travel plot. The values at the start are :ero, the maximum values
are reached at X = X* and after this the values steadily decrease up to the muzzle,
The linear and angular velocities are both hyperbolic functions and increase from
zero at the start of travel to a maximum at the muzzle.

Pressure and Velocity versus Travel in Gun Tube

The pressure acting in the gun tube and the instantaneous velocity of the
projectile as it travels down the gun are plotted in Figure 4 as a function of
distance travelled in the tube. The velocity was calculated using (13), where
the empirical constants were first calculated as described above. The measured
gas pressure distribution in the gun tube is determined from (29), (22), and (21),
where the value of Pgp,y has been read from the available curve.

Projectile Motion

a. Linear

The linear velocity and acceleration of the projectile are plotted as a func-
tion of the distance travelled in the gun tube in Figure 5. The linear velocity
is derived from (13) while the acceleration follows from (16). ‘
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Figure 4. Pressure and velocity versus travel in gun tube.
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b. Angular

o e ki i

The angular velocity and acceleration of the projectile is plotted as a func-
tion of travel in the gun tube in Figure 6. The angular velocity which is lin-
early dependent on the translational velocity is calculated from (15), while the
angular acceleration which is linearly dependent on the translational acceleration
is determined from (19).

Forces

The axial and spin forces acting on the projectile are plotted in Figure 7
and are described by (23) and (39) as a function of the distance travelled in the
gun tube. Both forces are linear functions of the acceleration and as a result
have the same general contour differing only in magnitude,

The tangential force may be used to calculate the maximum stress distribu-
tion in the rotating band or adjacent projectile area. This result should prove
especially useful in evaluating the performance of the new braze bonding method
now being developed to attach rotating bands to artillery projectiles.

The plotted force is the maximum force developed at the base of the round.
To determine the force applied at an intermediate interface of the projectile,
the force obtained from the plot need only be multiplied by the ratio of the
weight forward of the interface divided by the total round weight,
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Figure 6. Angular velocity and acceleration versus travel in gun tube.
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Spin Moment

The unbalanced moment acting about the axis of symmetry of the projectile
which derives from the tangential force and produces the spin is calculated from
(33). The result is plotted as a function of travel in the gun in Figure 8.
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REMARKS

The computer program presented herein has been developed for constant twist
rifling. At some later date it will be modified to include variable twist rifling.
The modifications will include provisions for altering the variable rifling curve
at its inception in order to minimize the initial stresses.

The procedures and program used to obtain the force and motion results for
artillery projectiles launched from 155-mm cannon will be applied to all conven-
tional projectile-cannon systems when the appropriate pressure and velocity travel
curves are made available,

In this report, the analysis and equations that are presented and programmed
have largely been extracted from the Engineering Design Handbook Series prepared
by DARCOM. This series presents the analytical methods and the appropriate equa-
tions and procedures to be used in designing ordnance equipment. It would be
advantageous if all major portions of the Handbook were computerized. The com-
puter program should both print and plot all pertinent information necessary for
the determination of the most efficient component design, The computer programs
and computer manuals should be made available to all Army installations and major
contractors charged with the responsibility of developing ordnance equipment. In
this fashion, conventional, time-consuming hand calculations are eliminated,
initial design concepts are rapidly evaluated, and the preliminary results widely
disseminated and reviewed by responsible monitors.

16

i s 2o d¥
s g by
_ i o 4

1
3 &
1
;«i
f

L S i Rk Dt S e

>
e | S LT o 18 e A e A e T

ol

B A 5

=

2SI e oot .

U S,

e i e
e -

et ety 3 st~
€ oy L -

-
i Y o e e s
PR N el o

W D o e A ot T, N . Lt oM S . A . -



APPENDIX A. FORTRAN LISTING OF COMPUTER PROGRAM FOR PROJECTILE LOADS IN GUN TUBE

CCMMCN /CAFLOT/ PPESS (4023 oVEL(4D2) s ACC(402)+ThID(402)y TH2D(402)
1 o FOPCEL4O02s TORQUECHOZ2: o X(402: ¢ ENT4O2!

QEAL LCTH#IPCLAR

DIMENSION HEDJTNGU3:

2 CONTINLE
WRITT (E6+150!
150 FCRMAT( * PEAC IN FEACING 48 CHARACTERS MAX *)
REATD (S+112% (HCDINGI(LYe L=1.82
CALL INITT(30}
WRITE(EL1011

REAC (£+102! WTe CIAMy LCTHe VMUZy XVMAXy PMAXe CALTUNIIFOLAR o
1 MORT

KOUNT=39

WRITE(7+107) WYsDIAMs IPOLARe VMUZ

! WRYTE (7+1C83 LGTHe FMAXs XMAXs CALTUN -
! 3 CONTINUE Qﬂ’ﬂ}

TANALF=PI/CALTUN !

ANC=ZATANCTANALF e

, CSALFASCOSIANG) s,

' AREA=QD 425 sPIeDIAM2e2 Ty
T2.% XMAX -

; ASVMUT#(B ¢ LCTEI/LGTH e

NRITE (7+109! Ay 3 :

T e e

ao

| IF (TPCLAR .NEfe 0.1 CO TC € o
: INOLAR = WT(0.1409DIAN®»2} !
C WRITE (751111 IPOLAR

‘ & CONTINUE Y

- C ey
- IF(PMAX oEQ. 0.} FAC=1. v
| IF(PMAX oEGe Oa) GC TO 15 *Ej!
PMAXC=4B.¢HTo(A®82] /(27.9AREASGSD) e
FAC =PMAX/FMAXC
15 CONTINUE
COEFF=12.¢FACOWT/ (AREA#G!

(@]

ENDPTzLCTH ¢ 0.5
ITND= ENOPT
INCREASE IENC IN ORDER TO INCLUDE 2ERO POINT AND CATA STORACE FOR
PLOTTINSG
IEND=TEND+2

12 2e ]

(¢}

DIS:'loO

CHECK TC SEE IF XMAX CCCURS IN THE STANDARD ONE INCHE INCREMENTS

OO0

£ DO 40 I=1+IEND

DIS=DIS ¢ 1.

IF(XMAX oNEe DIS 3} GC TOC 4O
ITTARZC

: €O TO 50

i 40 CCNTINUE

E 17
;
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e

[~ S VO VR SRS PR . (]

VES HFRE IF THE VALUE CF XMAX IS NCT BETWEEN O AN LCTE IN INCREMENTS
TARZ1 INODICATES THAT XMAX HAS FRACTIONAL VALUT
ISTARZ]

o e e o2 7 e S

C INCREASE IENC IN ORCER TO INCLUCT XMAX PCINT ‘
ICND=IEND ¢1
*C CONTINUE

1.

IEN-IEND-1
Xt13=TYEN
PRESS(1)=IEN
VELIU13=TEN
ACCt1I=TEN
TH1D(1:=TEN
TH2D(13ZIEN
FORCFEI11=IEN
TORGUE(1)=IEN
EN(13=IEN

. e Lali A i stini i o e N

R Ne)

DIs=-1.,
IFLAG=0

DO 10 I=2TEND
IF (IFLAG .EG. O! €C TC ¢
X(I? =XHOLD
XM1ZXMAX + 1,
IFLAG=D
GO YC 9
3 CONTINUE
DIS=DIS + 1.
XtII=DIS
XHOLD=X(1?
XM1z X(Il-l.
CONTINUE
! IF t X(I! «GTe XMAX <ANDe XM1 LT, XMAX 3} IFLAG=1
IF (IFLAG +EGes 1) XUII=XMAX
IF (I «EQe YEND] XU(IJSLGTH
BTERPM=(BeX (1]}
VEL(IISAeX1I)}/BTERM
PRESS(IY = COEFF o (A0e2] oBeX(13/ (BYERM e¢e3)
ACC(IIZ12+0(Ae023eBeX(YI/(BTERMes 3}
THID(II= 24.eVEL(I3e PI/( DYAMe CALTUN!
TH2DUII= 28.8ACC(TIe PI/ IDIAM® CALTUN}
ACCtII=ACC(Il/G
FORCE(II=WTeACC(TI/Z2000.
TORQUE(I!= 2,¢IPOLARSTANALFeACC(II/(DIAM1000,)
e EN(II=2,¢TORQUE(II/ (DIAMSCSALFA}
i 10 CONTINUE

S e
8. ]

BT T T TR TR ST R L T e

. c
.‘ WRITE (701143 (HEDING(L3s L=1+81
ﬂl WRITE(T701041?
LINES=0

ST T TR | TR ST

v DO 2C K=2+IEND
fow I:“
b LINESSLINES ¢ 1

SN WRITE (7+105) X(I)s PRESS(I)e VELUI)e ACCUINsTHID(INsTH20(I )
1 FORCE(I)e TORGUE(I)s EN(I)

=t
Ll i S
ST T T A

o s .
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FORCE(I)=FORCE(I)*10C3.
TORIUECI)=TORIVE(I)elCOO,.
CHCIIZENCI) 1000,

IFCLINES «LT. KOQUIT) GO YO 20
WRITE (7+114) (HEDINCIL)s L=148)
HRITE (7.104)
LINES =

20 CONTINUE

(¢ W9}

¢l CONTINUE
CALL PLOT2
IF (NORE «NE, C) GO TO 2

OO0

S92 80800000000980000088080800 FORMAYS SN BESSEIR OGNNSR OSSIPINIOIOBNIIQRINOIDY
161 FONMAY (1H1s * INPUT= WGT(LBS)e OIAMCINS)y GUN LCTHUINS)sVMUZLF/3)
1 oXMAXCINS) e PMAXUINSG) o CALTUNC(CAL/TURN)s IPOLARILBS=INSCG)y

2 MORE ¢ )
c
122 FORMAT )
c
104 FORMAT (/¢68Xe* AXIAL*e21%e? SPIN *9/95X%s
i * TRAVCL PRESS VEL ACC TH1D TH2D
2FORCEX(LIO)3 TORQUEX(10)3 FORCEX (10)3 %y /o
3 6Xe* CINS) (LB/IN2) (F723) {CS) (RAD/S) (RAD/S2)
4 (LB89) (LB3=-IN3J) (LBS) s /)
¢
105 FORMAT  7XeFGelo UXy FGadr 3IXoF5e00 3IXo F3a0s 2%X9 FB«D002XvF9.00
1 5X9 F7.2v 7X0 F6e42v 6X0 F7.2 )
c
1C7 FORMATL 1F1e//7 o 5CXe * I NP UT D AT A'e/7s
1 45X%e * MNGY DIAM IPOL AR VMUZ *y /o
2 45Xy *(LBS) CINS) (LB-INSQ) (F/3)%s /o
3 45Xe FGBe20 2%X0 F5e420 2%9 FBe2¢ 3%y F5.0)
C
108 FORMAT (  //77/79¢ 4B5Xe * LGTH PMAX AMAX CAL/ZTURN % /y
i UEXo *(INS) (LB/Z7INSQ) CINS) * /o
2 USXe FGalv 3Xo FBeOo 2Xe FS542v S5X¢ FYe0)
c
109 FORMA! (2772779 50%e * INITIAL CALCULATIONS 4 /27
1 H4CXe * LE DUC CONSTANTS *9 /70
2 40Xe 0 A=% F8s20 * LF/S8)% V2
3 4QOXe ° B2%y FGa20 * (INS)® )
c
111 FORMATY ( /727 o MCX o * MOMENY OF INERTIA * /27
b WX ¢ IPOLARS®s F7420° LB-INSQ® )
c
112 FORMAT(8AG)
(o
114 FORMAT ( 1HY /77 o 30X o B8AG )
[+
COsvontitunnnneotesenosetsstsss FORMATS o0 essrovsssvsetoetnsosstisnssdos
o

END
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¢ THIS PLCYS FRLSSURCY VELCGITY ANG ACEELESATICN (P CTM LINEAK ANE ANCULAR
e V& YRAVEL IN THZ "UN TUAL
o )
CIMMON /BAPLIT/ PAFSELUNZYoVELIUN™T s ACCINDT) oTHIDLNOZ), THOINNZ)
1 0 FOPMCELUEYy TORGUECUUZI oX (U0 ENCROZ)
£
C  ALL MOPTYCNTAL HEALINC” reLLeCw
| DIMEASICN  XPRESVCEIs  TLEAVALIEDs TANCVALLIO)s IFCHTEL €00 3YRAVLY)
1 +7T00Q¢E!
CATA TERZGV /40K FFESCURE AND VELUCITY VS TPAVIL TN CUN TUPL 4
DATA TLINVA /ZEUH LYNEAR VILOCIYY AND ACCELERAYION V& TRAVEL SN GUN
1 otunt /
DATA TAMSVA /GOH ANOULAN VELOCYYY AND AGCELFAATION V5 TRAVEL IN 6V
IN TUpt /
DATA I”CRTO /W3M AXIAL AND SPIN FOACLS VS YRAVEL N BUN Yu® /
EATA TTCRG  /3CH YORAU® VS TRAVEL IN GUN TUB® /
~n
¢
DATA TYRAV /Z1AH TAAVEL = (INB) 7
¢
€ ALL VEOTIZAL LAJELS FOLLOW
"
DIMENSION YPRESUODoYVEL (NS YACEES2I 0 YAX®C11)y YTOM(E) sYENF(IU)
! ¢

DATA YBRES /800850800030 30 V6000687 =
CATA YVEL Z06o0 0760 1Nt 070 040 0%/
‘ DATA YACS ZGUoGT 67 o000 ol 900 20UK0 N0 10900/
" DATA YAXF ZCEv000 730t 8o 0300 1001900806069/
Y DATA YTOR /7840790120010 0800/
! CATA YENF /030800 130100320180 9900208004/

DINLRSTYON  FLBINCLICIs VENUBEy VRDS (700 AFVZLED o ARDPA C D PLELIE )y
' 1 YOLYINL S

DATA PLUOIN 2400760860 930470730 78033080 004)7/
DATA VIS 2000700470030 417

DAYA VHDS Z0000200b 0680470030017

DAVA AFS2 2400700390 400041/

DAYA ARDYSZ 740092088088 08700308000)/

DATA FLUY QU TEINEI YN/

MATA TOLEYN 780018 oGGoNN TS0 78183041/

3

3n

M- 1
" CALL INTTYTY( YU
‘ 10 CANYINULE
CALL NINITY
CALL SLIMX(1d0Us870)
K=Ke
CO YC (1020 Y0l0 K) o ¥
COO00so0noaninnosutunnntesod ORANI | ¢ov00e00000000608000000000000000000000s i
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CALL UM UR N g v

CALL UNPLAYE Mapwy Ny

CALL ANRLM Eriwul et mirnintoby-ny§
CALL BINDYY

CALL YluvueRtiul

IR UEAIE TR 19

CALL veney Avdmgvd

CALL AWMUY (ReBfUTa v Lt outy 8481

WINTTUNTAL YU™ HLAUIWe

vALE SMUVAIN(AUY sTRY |

CALL riienY s e

Al AUUIYYY weoy TP WY
LEEY VO NI VAL LAMML

vREL MUVANNE RN gwahi

VALL VIAMIL G gy YrmgY i
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VALY MuvanR] gy WY |

VALL VI ARIL gy WYL
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CALL ACULTSY LUy TANCVAL

CLhEY VTt AL LABLL

CALL MOVALYS (4 ")
CAUE VEARML (12 0YACE)

iy

A

CALL RUYATY L QwUE v By ARPE D)

CTheRY VIR ouaL LAlLL

CALL MOVAKY (RO NLD)
FALE OVUARY L ¢y Yy

CALL NCYAYE (Sl Ty VR

CEhE N AL poYYUL ML AL ZKG

Vel M VARY (Why s )

SALL AOLYSYT L9y 1YnHAv)
NLETOET

(A A A A N oy

i

ANBIIINN s bgveinbudsennn (HAPY
LY R T
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CALL ACUTST(1R,ITRAV]
tO0 70 1¢
Covenesnssenisssssessssstissistsivtntiititssessssss 0000000000 008083800838000488000

~

.~

C

Coe8 6086383086088 080808388¢ CRAFH § S¢820008858083335508305088883888388088808¢
4 CONTINUE

C AXIAL AND SPIN FORZES V. TRAVEL

c

v
i
3
4
8
L

ol

CALL CHECK! XeFORCE!
CALL DSFLAY(XsFCRCE}
CALL ARROW (X{40FCRTSIYNIvE0~E;

CALL DINITY
CALL YLOCRT(O:

CALL CHECK (Xe¢ EN 3
CALL DSPLAY(Xs EN ! ‘
CALL ARRCW (X(1203+EN(12C)e-EsE} 1

FCRIZONTAL TCF HEADINC

[P N o NE]

CALL MCVACDS(200+¢7€C 3
CALL AQUTST(4B ¢+ IFORYD?
CALL CHRSIZ(2:?

LEFT VENTICAL LAPEL

(& Walh]

CALL MCVABS(3D0 +50C @
CALL VLA3EL (11sYAXF:
CALL NCTATE (O +20Ce E»:TLPES!

c
' € PRIGHT VEPTICAL LABEL
c

CALL MCVABS( 980»5C0}

o o ST RN - A et i AN e o R, -

CALL VLABEL (10 +YENF
CALL NCTATE (95042300 S+ TLBS
c
C PORIZONTAL BCTTOM HEADING
c
CALL MCVABS (400 50 3
CALL AOUTSY ( 18+ ITRAV @
c ;
CoOC8 0838880803880 88888030 8888888308 ¢0880880388308¢08%80830083588008888808080888¢ ‘:
¢ i
60 TO 1S
c g
Ceessessss088888884888280888 CRAPH € ¢88¢0800088880080¢08¢88¢808080¢880008884038 !
c - |
. c :

C"..“".‘..““‘.."“.‘...‘....“‘.O..‘.‘.‘. 0980080808380 8080800080008808800¢
S CONTINUE
{ C TYCRGUE VS TRAVEL IN CUN TUBE
] CALL CHECK (XsTORQUES
A CALL DSPLAY (XsTORGUE!
£
\ C HORIZONTAL TCF HEADING

5 —— .y —— L
ISYPTIPY, IV SR S TS PR

-
el

-
PRGN LY,

. i J: L e
L T "V l'h-..m,-‘-\iw- Jrey
T Y
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TR

~

ALY ... L O

DN

(@}

oy Y =~

BEST AVAILABLE copy

CALL MOVA3S(300, 7€0 !
CALL ACUTST(3Cs ITCRG?
caLL CHRSIZ(2:

LTFT VPRTICAL LA3EL

TALL MCVA3S(5N, SO0
CALL VLABTCL (Es» YTCR:
CALL NOTAYC ( Os 330s 3¢ TOLSINI

HORIZCNTAL 3CTTYOM HEADINC

CALL MOVA3S (400 .0
CALL ACUTST (18s ITRAV

(0883808088288 8880838883588 88 8838408808888 08008 2088830883830 8300080080008080¢

<2

15

30

CONTIANUE

CALL OCURTR (ICsIXe1Y:
CALL EPRASE

IFUIC «E3. 33 GO TO 30
IFLK «MNEe £ 3 €GC 7C 10
CINTINUE

CAaLL FINITT (C.400:
RTTURN

END

SUS20UTINE ARROWIXMAsYMAsIX1eIX2:

C THIS SUBROUTINC ADDS ARROWS TO LINES ON GRAPHS
WHICH INCICATES SCALES

(o Mo

NTAE/ECU

XDRZ=1€%,

IF(IX2 +LTe O XDR=-XOR
CALL MCVEA(XMA,YMA!
CALL DRAWRUXDRO:

CALL DT™WREL(IX1+%1

CALL 7RWRTL(D¢-10:

CALL DRWREL(IX2:5?
RTTUNN

ENC

NSTAB 319¢2919¢1el9dl €¢7 1 S 0 29
ENC

24

i e, S
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TRAVEL
(INS)

U
1.LC
2.00
3. CC
4.0C
5.C0
6.00
7.C0
8,00
2.C0
10,00
11.L0
12.00
13.CC
14.00
15.00
16.00
17.C0
l18.C0
19.00
2C.C0
21.CC
22.00
22.5C

J.LC
24.00
25.C0
26.C0
27.00
28.CC
2¢2.C0
Jo.CO
31.¢0
32.cC
33.00
34.0C
35.CC
36.C0
31-C0

APPENDIX B.

PRESS

tLL/IN2)

Ce
15€39.
l4192.
19986.
25049,
«947C.
33324,
36078
39589,
421C9.
4Nzaz,
46147,
47739,
49r8s.
50221.
51163,
51934,
52552.
53036.
53399,
£3655.
§3815.
53391,
£39C0.
53891,
53825.
£3€99.
£3523C.
33295.
53C28,
£2725.
5391,
E2C28.
51641,
31233,
5C8C6.
50363,
49307.
4eyug.

(O RE VIR NS S h..;zmz

VEL
(F/5)

0.
75
146,
214
280
MRS
404,
462
G138,
572
624.
874,
122,
169,
31U
857,
900,
240,
980,
1218,
1C55,
131,
112¢.
1143,
11¢C.
1193,
1.2%.
125¢6.
123¢6.
1316,
1344,
1372,
1399,
1425,
1§51,
1476,
15C1.
1324,
154¢.

BEST AVAMAZE COPY

INPUT DATA
WET DIAM IPCLAR VMUZ
(LBS) (INS) (LB-INS3) (F/S)
S6,CC 6oCC 495.,0C 280C.
LGTH PMAX XMAX CAL/TURN
(INS) (LBZINSG) (INS)
200.00 53900 22.50 20.
INITIAL CALCULATIONS
LE DUC CONSTANTS
A= 343C.CC (F/S)
* Bz 45.00 {INS)
AXIAL
ACC THiO TH2D FORCE(1C)3
(6S) (RAD/S)  (RAD/S2) {LBS)
Ce Ce Ne «CC
2027. W7, ¥1C1C. 164,59
3901, 92 76995, €487
5352 135, 108263 517.8C
6708, 176 135717 643.98
7852 216, 155069, 757.C32
8924, 254 180552 856472
9822 290 . 198724, S42.9%4
19602, 325, 214498, 1017479
11277, 355, CoBible 10E2.58
11959, 392, 239924 1139.44
12358, W25 2ELCZ9, 118642¢
12784 WSH . 258554 122731
13146 Y83, 265963, 1261,8°
13449, 511 272103 1291.13
13701 55¢, 277204, 1315,32
13998. 565, 291379, 1335414
14C73. 591, 284732, 1351,.CS
14203, 616, 287351, 1363.48
14300, 640 289318, 1372.81
14369, 665, 29C7CS. 1379,.39
14410 68C. 224574, 1383.82
14432, 703, 2919385, 1385447
UTE 71¢. 222034, 1385.7C
14432, 129, 291087, 1365447
Jhyly,. 15C 291626 1383.76
1438G. 77C. zeCcy3. 130,52
14333, 740, 253°75. 1375.93
14272, 808. 2838734 437714
142C1. 827, ce711c, 13€1,2¢
14120 845, 285C7C. 1358.,5C
14030 362, 233957, 1345.90
13933, 875, 281892, 1337.5E
123<9. 896, 27917¢S%k, 1327.62
137208, 9i2. 271582, 1317.13
13606, 926, 27527C. 13C6.16
i34€7. 943, 2728173, 1294 .76
13365, 958, 270402 128305
1324C, 37%. 267869, 1271.C4
25
LA SR TR AN At U P S

TORJQUEX (1013
(LCS-INS)

«00
£l.54
98451

138.72
173.86
2CH 55
231430
A FYY]
274473
2924217
307436
I20.3C
33135
34Ce71
3u8.58
358.11
360.46
Jeu.76
268011
370.63
372.41
I13.52
374408
374.11
374.05
373.589
312.171
371447
369.91
JE8.06
565496
J63a.6H
361412
35B6.43
355.60
352.84
Ju8.°7
34640
J43.l5

PROJECTILE MOTION AND LOADS VERSUS TRAVEL IN GUN TUBE

SPIN
FORCEX(1LY3
(LBS)

«0C
17.73
33.24
i6.81
58.66
6%.C2
78 .04
85.9C
92.72
98.62

103.71
1C8.C8
111,90
11496
117462
119.82
121 .63
123.C¢
1246212
125.C6
12566
126.C3
125.21
126623
126.21
126.06
125.76
12534
124.82
124.19
123.48
122.70
121.85
120.94
119.99
11,98
117.9%
115 .88
11%.79

R N O ORI - "W R Some Tl X

PR i

il

B e itk st ka5




AXTIAL SPIN

TRAVEL  PRESS VEL acc THiD TH?D FORCEX(1C)3  TGRGUEX(1C)3  FORCEX(1C)H3
(INS)  (LB/INZ)  (F/5) (65) {RAD/3)  (RAD/32) (L3s) (LBS=INS) (Les)
38.C0  48963. 1570, i3i12. 987,  Z652uU. 1258477 315,84 114.€7
35.0C  4s478. 1592, 12982, 10C1. 262057, 1246 4 3¢ 376,48 111,53
40.3C  47987.  1al. 12351, 104 259395, 1231467 133407 112.38
41,00  47490.  163S. 12718, 1021, 2573CE. 122C.92 329462 111.22
42.00  46290.  1656. 12584 , LO4C. 254597, 12084 CE 326017 110.C5
43.00 46488, 1676, 12449, 1053, 251873, 119514 322466 108.87
W4elO  45983. 1096, 12314, 1CEE. 243141, 1182417 319.16 107469
4S.CC  45473.  171€. 12173, 1676, 246403, 1159.1¢ 31E.66 106451
46.00 44973, 1734, i2cu4. 1049, 244666 1156419 312415 105433
47.00  WuuEg. 1752, 11903, 11ii.  24Ce33, 1143, 23 308465 104414
43,00 43965, 1770. 11174, 1112. 238207, 1130429 305416 102,97
4S.CO  y3i4EY. 1708, 11640, 1123, 235481, 1117.4C 301466 101479
50,00  42965.  130S. 115C6. 1134, 232788 1104458 298.21 100,62
51,00  42469. 1422, 11373, 1145,  230161. 1091.83 294477 99,46
52.00 41376 1439, 11241, 1185, 227431, 1679.16 291435 28.31
53,00 41487, 135S, 11110, 1166+ 224781, 1066458 287.95 97.16
54.CC  41CC2. 1471, 10960, 1176, 222182, 1054411 284.£9 96.C3
55,00  40S2l1.  1336. 10851 . 1185.  21954G. 1041474 281425 94490
56.C0  uCCW4. 1202, 10724, 1135, 216967, 1€29.49 277494 93,78
57.00 39572, 1317, 10597, 1234 2144C6. 1017435 274467 92.68
58.CC  391C5. 1331, 10472, 1214, 213274, 1005, 34 271,42 91.58
59,00 38643, 1946, 10343, 1223. 203370, 993,46 268421 30,50
60.CC 35186, 1960, 10226, 1232, 206893, 981,7¢ 2654C4 8%.43
f 61,00 37734,  1374. 10105. 124C. 204464, 970408 261493 88.37
X 62.0C  37287.. 1587 9985, 1248, 202024, 9584 6C 258480 87.33
; 63,07 35346  2301. 9867, 1257, 1936324 347425 255474 86429
i 64.CC 364100  2C1W., 2750, 1265, 197271, 9364 L5 252471 85,27
E; 65.00 35973, 2427, 3615, 1273. 134918, 924,98 249473 84426
g, €€.C0  35554. 2039, 9521, i26.e 292636, 914, 6 24E.78 83.27
C 67.00 35135,  2.52. 3409, 1739, 19C353. 903427 243497 82.29
o 68.0C  34771.  20CH. 3235, 1297,  18812C. 622463 24C.2¢8 81,32
; 63.00 34312, 2376 9183, 13C4. 135907, 892413 238416 87.36
? 7C.CC 33s1C.  2Ces. 9083 . 1312, 182724, 871,77 235436 19,42
o 71,0 33siz. 4539, 8975, 1319, 181571, 861455 2324690 18.48
| 72.C  $312C.  2ill. £870. 1326, 175447, 851,48 229458 17.51
13.00 32734 2.22. 3ts6. 1333, 177353, 34154 221420 16466
74e(C  323€3.  D.33. BEEY . i34Ce  17526E. 811,74 224455 15,77
75.00  3.977.  21du. 3563, 1347, 175252, 322.08 221495 14,89
760C0  31EC6s  21E4. BUEW . 1354, 171746, 812456 219436 14402
17.0C 31241  21€5. 8366, 1360, 16867, 8C3417 216484 13.17
! 78,30 3Casl. 2175, 8270, 1367, 167317, 793492 214434 12432
79.0C  30527.  2185. 8175, 2372, 1bLY0B, 784 .8C 211488 71448
80.00  30177.  219s. 8081, 1379, 1604024 175.a1 20945 10467
81.00  29833.  2205. 7989, 1385,  161¢35. 766496 207406 69.87
32,00 29493,  2215. 7898, 1392, 159796 758423 204471 6§9.07
83.CC 29189,  z224. 15034 1357, 157983, 749463 202438 68,29
34.00 28429, 2233, 1720, 1403, 156137, 741415 200.10 §7.52
85.CC  Z65C4. 2243, 1673, 1408, 154437, 732.8¢ 197,84 66476
86.G0 28184, 22524 1548, 1415, 152703, 124457 195462 66401
87.0C  278€3. 2261, 74634 1420, 150024, 716446 123,43 £5.21
83.00 27558, 2269, 7330, 1426« .49318, 70848 191,27 64 54
89.C0 27252, 2278, 7238 1431, 147CE1. 70C.6C 188415 63482
| 90.C0 26950, 2287, 1217, 1437 i4en17. 692485 187406 63412
" 91.00 26653, 2295, 7138, 1442, 1444CE. 625,21 184,99 62042
; 92,00 26360,  2303. 7059, 1447, 142820, 677468 182496 61.73
93.C0  26C71. 23124 6962 1452, 141256, 6704 2€ 180496 6106
[ 94,00  25787.  2320. 6306 1457, 133716. 662495 178.98 60439
| 95.C0  255C7. 2327, 6831, 1462, 138198, 6554 1° 177.C4 59.74
| 96.00 25231, 2335, 6757, 1467,  136702. §43.65 i75.12 53.09
. 97.CC 24953, 2343, 6654 .« 1412, 13:229, 641466 173424 58445
o 98.00  2us9l. 2351, 66124 1477. 133776, 634477 171438 57483
; 93,00  JW427. 2356, €541, 1482, 132146, 627,28 169454 57421
i 100.00  <Y166.  2366. 64724 1486,  130936. 621429 167474 56 460
;) 101.C0 23910, 2373, 6403, 1491, 125E46. 614, 7L 165496 56.0C
¥ 102.C0 23657  2380. 6335, WweE, 128177, 6C8.42C 164420 55,41
: 103.00  23408. 2387, 6269, 150C. 126328, 501480 162447 54.82
;. 1C4sCC 23163, 2394, 6203, i5C4. 125498, 595,49 16Ca77 54425
~ 105.C0  22921.  2401. 6138, 15C8, 124167, 569427 159.C9 £3.68
" 106.00  22683.  2408. 6074, 1513, 122898, 583.14 157,44 53412
Y 107.C0  22448.  24ls, 6C11. if17. 121623, 577.1¢ 155,81 52457
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TRAVEL
(INS)

108.00
1Cs.CO
110.00
111.00
112.C0
113.C0
114.00
115.CC
116.CC
117.30
119.00
114aC0
120.00
121,00
122.00
123.C0
124.00
125.C0
126.00
127.00
128.C0
123,00
130.00
131.C0
132.00
133.C0
134,00
135.C0
136.C0
137.00
138.(C
139.C0
140,00
1%1.CO
142.C0
143.00
144.CC
14500
146.C0
147.00
148.C0
149,00
150.00
151.C0O
152.00
153.CC
154.00
155.C0
156.00
157.C0
158.C0
159.00
16C.CC
161.C0
162.00
163.CC
164.C0
165.00
166.CC
167.00
168.CC
169.00
177400
171,00
17¢.00
173.0C
174400
175.CC
17¢.CC
177.00

PRESS
(LB/INZ)

22216,
£l98e.
21163,
21541,
21322.
21107.
20894
<Cb8te.
2Cu18.
202785,
20074.
13876,
19681.
19489,
19299.
19112,
13927.
18745,
135685,
18388,
18213,
18041,
17871,
17703.
17538,
17374,
17213,
17054.
16881,
16743,
16590.
leu3s.
16290.
16144,
15999,
15856,
15714.
15575,
154837,
15301.
18167,
15035,
149Gk,
14775.
l4647.
lu4s522.
14397,
14274,
14153,
14033,
13315.
13798.
13683,
13563,
13456,
13345,
13235,
13126.
i3C18.
12913.
128C8.
12705,
126C2.
12501.
12u4C1l.
123c3.
122CS.
121C8.
12C13.
1193189,

VEL
tF/7s)

2421
2428,
2434,
2441,
2447,
2453.
2459.
24E5.
24171,
2477
2483,
2488,
2495.
2500,
25C6.
2311.
2517,
2522,
25217,
2533,
2538,
2543,
2548,
2553,
2558,
2563,
2568,
2512.
2577,
2582,
2587,
2591.
2596,
2600.
2605,
2603.
2613,
2618,
2622,
2G26.
263C.,
2634,
2638.
2642,
2646
265C,
265K,
2658.
2362,
2666
2670,
26173,
2677,
2€681.
2084,
2668,
2691,
2095,
2638,
2702.
27C5.
2709.
2112,
2715.
2719.
2122.
2125,
2128,
2732
2735,

ACC
{GS)

5349,
888,
5828,
1R 9.
5710.
5652,
5536,
5639,
EWbh,.
54 30.
8376,
5323,
5271,
5219.
5168,
5118,
5C619.
§02C,
4972,
4924,
4878.
4831,
4786,
§741,
4697,
4653,
4610.
4567,
4525,
4484,
4443,
4402,
4363,
4323.
Y284,
W246.
4208,
4171,
4134,
4c9d.
4062,
4026,
3991,
3957,
3923.
3883,
3356
3823,
37190,
37¢8,
37126,
363S.
JbEl.
3634,
3604,
3574,
I544.
3515.
J4B6.
3458,
343C.
34C2.
3375,
3348,
3321.
3295.
3268,
3243,
32117,
3132,

TH1D
{RAD/3)

1521.
152¢%.
1529.
1533.
1537.
1542,
i545.
1848,
1583.
155G,
156C.
1564,
1567,
1571,
1574,
1578,
153..
1585,
1588.
1891.
1585,
1593.
i16C1.
16Cu.
1607
161C.
1613.
1616.
1619.
1622.
1625.
1628,
1641,
i63u.
16317.
i639.
1642,
1645,
1647,
1650,
16%3.
1655,
1648,
166,
1663.
1665,
1668,
1617C,
1673,
1675,
16177,
1630,
1682,
1634,
1687.
168¢c,.
168..,
1693,
3656,
1638,
~7CC,
1762,
17ubke
1706
1708,
171C.,
1712,
174,
1716,
1718.

TH20D
(RAQ/S2)

120368,
1191312,
i17912.
116711.
118526,
114359,
1132C8.
112073,
11C¢S54.
lC3351.
i0817€3.
1C769C.
106633
135590.
1045862,
103547
1302547,
1C1561.
iC05848.
996284
9gtél.
977417
96326
95217,
95020
94136,
93263,
SZ4Cl.
91881,
90713
89885,
89C68.
88262.
87467,
8681,
95706
85141,
84386,
8364C.
329CW .
82117,
91460,
8c751.
8CC52,.
79361 .
76679,
73CCS.
1734C.
16683,
T6l34.
153¢13.
4760,
74134
734117,
72906,
72304,
717C8.
7i119.
71C538.
59363,
62716,
68335,
6828L.
67732,
671¢1.
666L6.
66127,
656CH.
65C8¢8,
84577,

27

AXIAL
FCRCEX(1C)3
(LBS)

57115
E€5.28
559,49
553.79
548.17
542.,63
537.17
531.78
526447
901624
516,08
51C4,90
505937
5Cl.02
496414
49133
486459
481.80
47729
472473
HEB, 24
4o 3.81
459.44
455,12
45C.87
k46,67
44253
438,44
434,41
43043
426,50
422,63
418,80
415,03
411,30
407.62
4C3.99
4COo.41
196.87
393.38
389,93
386453
383.1b
379.84
376457
373,32
37C+13
366,98
363,86
3EC7E
35774
35473
351.77
348.84
3uS.94
3u2,.C8
34C.25
337.46
334,7C
331.98
329,28
326462
323,99
321,39
318.82
316.26
313.77
311.28
3C8.84
3Cbeh2

TCRGUEX(1C)3

(L83-INS)

$QQQ20
152.61
151.0¢
149,51
148.CC
146.5C
14E.C3
143.57
142.14
140.72
139.33
127.%6
136460
135.27
133.S5
132.65
13137
13C.10
128.86
127.63
126.42
125.22
124,04
122.87
121.73
12C.58
119.%7
118.317
117.28
116.21
115.15
114,1C
113.07
112.05
111,04
110.C5
1C9.01
103.10
1C7.15
106.20
1056427
104433
103.45
102,55
1Cl.67
1CC.7€¢
99,93
99.08
98.24
97.4C
96.58
95.77
24,97
94,18
93. 47
92.82
€1.86
91.11
8C.36
89.63
gg.eC
88.18
87.47
8677
86.,C8
85,.3¢
84.71
8.0
83,38
82.73

SPIN
FORCEX(1C)3
(LB<)

52 .03
S1.5C
5N .97
5045
49. %4
4943
439.93
eell
47.%6
47.48
47.01
4655
46409
45464
4520
4N 76
§4.33
43.9C
43.48
§3.C6
42.66
4225
N1 .85
41.46
41 .07
40.69
40.31
39.24
39.57
39.21 Y
38485
38.5C
3815
37.81
37047
37413
36.8C
3648
36s15
35.84
3552
35.21
Jue.91
JuabC
34.30
3u4.C1
3372
33,43
33.15
32.817
32.59
32.32
32.CW
31.78
31.51
31.29%
31.00
INTH
3049
30.24
30.CC
29015
2%.51
29.28
290N
28,81
28.58
28,36
28413
27.91

R S
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AXTAL SOIN i
TRAVEL FRESS VEL ACC THiC THOC FCRCEX (1013 TGRSUEX(10)3  FORCEX(1C)2 .
(INS) (LB/IN2) (F/S) (GS) (RA3/3) (RAD/32) (La5) (LBS-INS) (L83) 3 g
178440 11876, 2738, 3167, 1728, 6YC T 304402 P2.08 27.1C ?‘%
178.CC 11733, 2741, 3142, 2122, €3C73. 3C1.C5 81.44 27.48 1
.80.00 116402, 2744, 3118. L7124, §3079. 299.31 30 .81 27.217 ‘g
181.C0 11562, 2747, 3634 . iTob 62501, 2€7.CC 80.18 27.C6 !
182.C0 11463.  275C. 3C70. 1708, €2109. 204,71 79.57 26.85 i,
133430 11375, 2153, 3046, 1736 §1532. 28244t 78435 25.64 1
164.C0 11268, 2756, 3023, 1732, €3161. 29Ce 01 76435 26444 ; §
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