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/BSTRACT

An analysis of the XM129 grenade lsuncher was conducted
to determine the dynamic loads, the resultant stresses,
and the operational power requirements. Gereral reletion-
ships defining the lcads were derived. The equaticns were
evaluated at various points. Power requirements and
stresses were determined based upon these equations. The

results can be used to facilitate the analysis of any
future design changes.

(1)




REPORT

8A-TR20-2741
CONTENTS
Pege
Abstract (1)
Sub ject 1
Objectives 1
Summary of Conclusions 1
Recommandations 1
Introduction 2
Conditions for Analysis 2
Symbols (Defined) 3
Schematic of Barrel and Drive Cam 5
Barrel and Drive Cam Analysis 6
Schematic of Feed System 5
Feed System Analysis 6
Powver Analysis 6
Stress Analysis 7
Appendices 8
A - Barrel Porce Analysis 9
B - Feed System Force Anslysis 27
C - Stress Analysis 34
D - Distribution [V

(11)




REPORT
SA-TR20-2741

SUBJECT
A theoretical analysis was mace of the XM129 grenade launcher.
OBJECTIVES

1. To determine the loed and the stress levels of the various
funccional components of the weapon under normal firing conditions.

2. To ascertain the operational power requirements.

3. To provide general relsationships which would facilitate analysis
of the effects of any future design changes.

SUMMARY OF CONCLUSIONS

1. A firing rate of 300 rounds per minute is obtairable with the uce
of a 3/4 horsepower motor.

2. The stress levels of the critical components are well within the
allowable limits.

RECOMMENDAT ION

A rollar device should be incorporated in the follower stud design to
reduce friction between the stud and the stud guide.




REFORT
8A-TA20-2741

!, INTRODUCT ION

The XM129 is an automstic, 40mm, grensde launcher powered by an electric
motor. The weapon hss a fixed breech and s reciprocating barrel. The
operation {s controlled by three cams: the barrel cam, the locking cam, and
the feed cam. Chambsring is accomplished es ths barrel {s driven rearwvard
over the round by an internal drum type cam; this action incloses the
cartridge and disconnects the link from the adjacent round ‘n the belt,

At the same time, the¢ barre! cocks the firing mecharism. When the barrel
reaches the rearward position, the locking cam provides translational motion
to a sliding barrel lock which engages & receas provided ir the barrel.
After th: firirg and dwell portions of the cycle have been completed, the
barrel is unlocked and driven forward. The feed cam then functions the

feed system, vhich ia a gear end lever arrangement driving a feed slide.

The weapon cycle is ther completed.

2. PROCEDURE

%. A dynamic force analysis was conducted to determine the stresses
and the power requirements. General equations, defining the theoretical
losds on the critical components, were derived. The equations were then
evaluated and the results tsbulated (Appendix A).

b. The results of the force analys’s were used to calculate the power
requirements (Appendix B).

c. The calculated maximum stresses for the critical cowponents based
on the theoretical force analysis are given in Appendix C.

3. CONDITIONS OF ANALYSIS
Analyeis of the XM129 was based upon the assumptions that:
8. the vate of fire of the weapon is 300 rounds per minute,
b. total weight of the amminition belt {8 €0 poundas,

¢. belt pull is constant,

d., coefficients of friction are values believed reasonabie with normal
surface fianishes &nd lubricstlion conditions,

e. masses of relatively light components can be ignored,
f. bodiea under load are in & biaxial state of stress,

g. frictional forces of small msgnitude cen be neglected.




sl

STMBOLS

] Presaure

Pg Gear dismatral pitch

Pg Can driving force

Py Amwunition belt pitch

Be Horizontal! force on feed lever
P, Feed gear contact force

Pd Force on cam follower

P Total ammunition belt load
Py Ammunition belt inertis load
Fi... Force

Q Link stripping force

T Torque

Rj... Reaction forces

W Weight

LB} Dynamic tooth load

W, Amwunition belt weight per linear inch
Wy Total ammunition belt weight
V¢ Feed velocity

K Link extension rate

I Moment of inertia

M Moment

Y Gear tooch form factor

X Pisplacement

X Jelocity

SA-TR20-2741
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4, SYMBOLS - Continued

L, o<

a’b’..oo

Acceleration

Aass

Angular displacement
Argular veloctity
Angular accecleration

Angles

Coefficients of friction

D.mensional constants

-4 -
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Schematic of Barrel and Drive Cam

5. BARREL AND DRIVE CAM ANALYSIS

The barrel assembly consists primarily of the barrel and a follower
stud, which is fastened to the top. The varrel i{s guided by a bearing at
the front and by the receiver at the rear. The reactions at the points
are shown on the barrel free bo i(agrams (Sheet 2, Appendix A) as R,
Ry, F), and F5. Rotational mot_.n is prevented by the follower stud
which {s guided by a longitudinal slot in a tube encircling the barrel.
The reaction at this point is designated by T,.

In the cam development (Sheet 1 Appendix A), X is the longitudinal
displacement, R is the cam radius, and 8 is angular displacement. PFrom
the development, it can be seen that the barrel is accelerated or decel-
erated in four arese. In these areas, the displacement equatior is paraboliec,
which results {n constant s&cceleration (Sheet 1, Appendix A). This means
that, at any particular speed, the only variables in the analysis result
from the geometric configuration. Maximum forces were determined by use
of dynamic aquilibriumequations derived at the eight points indicated on
the cam layout, at the beginning anu end of each parabolic segment. The
equations were evaluasted at these points w th the use of the dimensions
obtained from drawings and layouts. The r sults are tabulated on Sheet 6,
Appendix A.

In the prelirinary calculations, an a-sumed coefricient of sliding
friction of 0.2 was used. This resulted in longitudinal friction forces
higher tham the driving force; in which case, the mechanism would be self-
locking. A coefficient of 0.15, however, would give ratisfactory resulta.

In the field, the presence of dirt, wear, etc., could cause the coefficient
to reach the 0.2 value, resulting in stalling. Sin¢e the major portion of
the friction occuzs at the interface batwean the follower stud and the gulde
tube, a roller device should be incorporated at this point to insure that the

friction remains low.
-5.
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Schematic of Feed 5System

6. FEED SYSTEM ANALYSIS

The feed cam is 8 face cam secured to the rear surface of the cam drum.
The cam imparts motion to a follower which rorates the teed lever. The
rotary moticn is transferred through gear segmenis to the feed arm which
in turn drives the feed slide. The feed slide is guided ir the feed tray
and, by means of a pawl, feeds the ammunit.on belt.

The belt load was calculated based on a constant feed velocity (Sheets
10, 11, 12; sopendix A). An expressicn was der{ved (Sheet 13,Appendix A)
by equating tae input and output torque< in terms of the cam contact force.
By use of this equation, the point at which the maximum cam force occurred
vas determined. TFree body diagrams were then drawn for the individual
components, and equations relating the forces were derived. The dimenaions
corresponding to the point of meximum cam contact force were substituted,
and the forces on each component calculated (Sheets 14 through 17, Appendix A).

Vs POWER ANALYSIS

The power required to operate the gun at a constant velocity {s composed
of twoc ~omponents: the power required to drive the barrel and the power
requirsd to function the feed aystem.

The power is the product of the avarage torque and the angular velocity.

-6-
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7. POWER ANALYSIS - Continued

The torque curves are piocted on Sheets 2 and 3, Appendix B. Ths average
torque is the area under *“e curve divided by 360 degrees. By use of the
average torque, the power requirement was calculated (Sheet 4, Appendix B).
The operating power is 0.70 HP.

The power required to accelerate the gun to operating speed in 1.25
revolutions can be approximated (Sheet 5, Appendix B). The moment of
inertia of the rotating parts was calculated and the accelersting horsepower
was calculated (Sheet 6, Appendix B). The accelerating power requirement
is 0.49 HP.

8. STRESS ANALYSIS

4. The maximum forces (Appendix A) were used to calculate the stresses
an the feed system components (Sheet 1-7, Appendix C). The maximum stress
developed, ~hich is less than 60,000 psi, is within the allowable limits.

b. The fur<es determined (Appendix A) were used to calculate the stresses
on the barrel lock and on the barrel cam follower (Sheets 8 and 9, Appendix C).

The stresses here are only 5000 psi (shear) in the lcck and 4,400 psi in the
follower.

¢. The stresses in woat of the components are of low magnitude. This
indicates that the Use of either low strength steels to decrease cost or
lightweight alloys to reduce weight is possible.
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BARREL FORCE ANALYSIS
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BARREL FORCE ANALYSIS - Continued
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BARREL PORCE ANALYSIS - Continued
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BARREL FORCE ANALYSIS - Continued
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BARREL FORCE ANALYSIS - Continued
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BARREL FORCE ANALYSIS - Continued

v J‘\\L t = 3 ,)F t 4 ‘
(}\ = 2 M\) '3 - 2 ) | N — ) )
8 = ) I £ N x -
N = 9DIE S A < e e 5 A X = ==L L
{- o= D 9 4 \, - ‘f O () ] = (J(J )
| e K 1 D ]
RPOS | ' 2 2 T g J B () | I 2
e L T = —s - 4 S
S o° a4s° | 435, ©o° 1 4" 4 Zv ali
e + ] _ L1 _ - e
(; 4| 4H ~1rH ‘l .,}'_" i 4_n 4- A.II . Al
- e L --- + + e
a s’ 2.5’ 5 G A <. 5 | 3
—— - L= —— e & i - . ——
S > 5] 5.8 = | T = S-S'T =
= = ‘ t Tt — =
Q & o zow <)y s © ! S5 l o ! Q
—— e e R S e
L X L8 6L CBOG -8B 606G F2Bw w | G ¢ =L C l B o6 12_:3 ars
- - - Y S e e et e A
T A B LE !

SOLVING EQUATIONS (1) THROUGH (7 FOR P YI1ELDS

POS ! 2 3 4 S & 74
=4 B 1 OO .| 34 | 3.0 2SR y 4.0 |3 QJ-‘
—t — — - R (U NI U U N—

SHEET 6 of 17




REPORT
8A-TR20-2741

z
fe o =
=

M X

e

W

Nz OCAND

APFENDIX A
BARREL FORCE ANALYSIS - Continued
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APPENDIX A
BARREL FORCE ANALYSIS - Continued
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BARREL FORCE ANALYSIS - Continued
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BARREL FORCE ANALYSIS - Continued
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BARREL FORCE ANALYSIS - Continued
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BARREL PORCE ANALYSIS - Continued
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BARREL FORCE ANALYSIS - Continued
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BARREL FORCE ANALYSIS - Continued
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BARRXL FORCE ANALYSIS - Continuad
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EARREL FORCE ANALYSIS - Continue.
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POWER ANALYSIS
TORQUE REQUIRFD TO Dk:VE BARREL
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POWER ANALYSIS
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