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SECTION I
INTRODUCTION
This report describes the concept of a 25mm Ammunition Storage and Feed

System designed to be compatible with the F-15 aircraft and a high rate
of fire rotating barrel gun.

Section II, supplemented by Appendices A, B, and C, gives a functional
description of the system and its operation. The manner in which the
system design accommodatec the interfaces with Airframe, Weapon, Power
Distribution, and Control is included in the descriptions.

Section III, supported by Appendices D and E, describes the characteristics
of the system as developed by analysis of the design.

The basic characteristics of the Storage and Feed System are given in
Table 1.




i 5

TABLL 1. 25MM STORAGE/FEED

SYSTEM CHARACTERISTICS

Storage Container

Storage Container Size

Transfer/Feed Mechanism

Ammunition Capacity

Ammunition Feed Rate

Time to 6000 SPM Rate

Time to First Round

Method of Powering

Operating Power

Rectangular Box

Power Operated

Dual Bays
Recirculating Conveyors

48.5 x 22.5 x 28.6 Inches

Dual Pitch Expanders
Multiple Conveyor Carriers
Buckets Cam Positined
Flexible Conveyor, chute
For Gun Motions

694 Rcounds

Gun Demand Includes
Any Rate Up to 6000 Round/Min

Common Drive Accelerates
or Stops Weapon and
Storage Container at
Same Rate in 0.4 Second

System Reversible to
Align First Cleared Round
with First Safe Round
Position in Gun

External Power Drive
on Gun or Aircraft

29.6 HP, 6000 SPM Steady Rate
40.9 HP, Peak Acceleration
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SECTION II

FUNCTIONAL DESCRIPTION

2.1 SYSTEM DESCRIPTION

The system described in this report is designed to be utilized on an ad-
vanced air superiority fighter to feed and store 25mm linkless ammunition.
This system was selected for two reasons., First, the system offers the
maximum utilization of the available volume for round storage and, secondly,
significantly reduces the power required to achieve and hold firing rate.
Because of the size of the round and volume limitations within the aircraft
envelope, only rectangular configurations were considered. The feed and
storage system consists of three primary components (Figure 1):

25mm Linear Linkless Magazine
Pitch Expander/Combining Unit
Weapon Interface Unit

The magazine consists of two storage bays operating in parallel, with each
bay functioning at one-half gun rate. The ammunition within each bay is
carried within and cradled by conveyor elements. This arrangement provides
maximum protection of the round cases and avoids, wherever possible, rubbing
of the rounds along guide surfaces. All loads required to handle the rounds
within the magazine are imposed first on the conveyor elements and only in-
directly upon the rounds themselves. Wherever possible, the conveyor ele-
ments are folded accordion style for increased capacity and to further re-
duce velocity and accelerations imposed upon the rounds.

The Pitch Expander/Combining Unit attaches to the upper right-hand corner
of the magazine. The Pitch Expander extracts the rounds from the magazine
conveyor elements, expands their pitch, and places the rounds into buckets
carried in the combining pcrtion of this unit. The rounds from each of the
magazine bays are placed in alternate buckets which are then cammed toward
the centerline of the combining unit as it is rotated.

The Weapon Interface Unit consists of a magazine turnaround unit, a weapon
interface conveyor housed in flexible chutes, and a weapon turnaround unit.
After the rounds are cammed into a common path, they are picked off by the
lower transfer sprocket in the magazine turnaround unit and inserted into
the weapon interface conveyor elements.

The rounds are cammed out of these conveyor elements as they pass over the
drive sprocket in the Weapon Turnaround Unit for hand-off to the lower weapon
transfer sprocket for insertion into the barrel group (Figure 2).

Fired cases are removed from the barrel group by the upper weapon transfer
sprocket. This sprocket reinserts the cases back into the Weapon Interface

Conveyor at the drive sprocket for restowage in the magazine.

The sections which follow describe these components in detail.




25MM LINEAR
LINKLESS MAGAZINE

PITCH EXPANDER/
COMBINING UN:T

WEAPON
INTERFACE

TO WEAPON

Figure 1. 25mm Linear Linkless Storage and Feed System
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2.2 SYSTEM IMPROVEMENTS

2.2.1 MAGAZINE IMPROVEMENTS

The magazine (Figure 3) has been reconfigured to achieve significant advan-
tages (Table 2) with respect to reliability, visibility, and operation when
compared to the magazine described in Emersun Report No. NB-4833-014-1.

The magazine drive system is made up entirely of conventional gearing with
hafts powered centrally between the ammunition bays rather than

from the end of one bay, minimizing shaft windup and thereby insuring proper

timing between the bays. The upper and lower drive sprocket shafts are

tevel gear meshed, thereby reducing backlash between conveyor drive sprockets.

Minimizing backlash results in smoother flow and better timing at the folding

sprocket areas and the magazine handoff area to the pitch expander/combining
unit.

Increased reliability has beca achieved by alternately extending the con-
necting pins on each end of the conveyor elements. These extended pins
track in continuous guides throughout the magazine bays. These guides form
the throat path at each folding sprocket, thereby dictating the folding path
of each conveyor element eliminating all dependency on the toggle effect of
the conveyor elements themselves,

Protrusions to the magazine outline have also been reduced by centralizing
the drive system. This results in increased aircraft envelope clearance
and a reduction in protective covers required and minimizes the possibility
of damage to the magazine during handling operations,

Visibility into the magazine has been improved by the addition of removable
ine bays.

2.2.2 PITCH EXPANDER/COMBINING UNIT IMPROVEMENTS

The Pitch Expander/Combining Unit (Figure 8) has been designed to achieve
major advantages (Table 3) with respect to operation and reliability when
compared to those mechanisms as described in Emerson Report No. NB-4833-014-1.

Initially, it should be stated that a si
achieved with

on housing
rather than in two distinct housings. Primarily, this weight reduction is
caused by the elimination of mounting provisions that were previously re-
quired to join these two units together. 1In addition, the utilization of a

single housing eliminates the need for external timing provisions between
the two mechanisms,

In the present design, each carrier element in the combiner mechanism is
by a steel dovetailed crossbar whereas Previously this
by means of two relatively small diameter crossrods,
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Figure 3. 25mm Linear Linkless Magazine
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This ~hange was facilitated by the replacement of the previously specified
standard roller drive chain with that of a special articulated one, thus
permitting a greater design latitude in the attachment and sizing of these
items. Thils greater design flexibility has permitted each crossbar to
achieve a significant increase in stiffness as compared to that of the
previous concept by the maximization of its sectional properties (EI). 1In
addition, each crossbar has incorporated positive control features which
effectively improve the guidance and support of each of the carrier elements.

As was previously mentioned, the present design utilizes a special articu-

lated drive chain. This chain design which is comprised cf a series of sup-

port and connecting links has a 1.00-inch pitch rather than the 2.00-inch v
pitch associated with the standard roller chain. The utilization of this :
reduced spacing tends to minimize "chain hop" and thus provides for a

smoother transition of the chain and round carriers as they travel from a

straight to a curvilinear path at the sprockets. In addition, this reduced

pitch contributes to a significant reduction in shock loads and its asso-

clated power consumption at the sprockets. Besides the reduced spacing, the

present drive chain concept has incorporated extended cam followers which

are positioned and contained in a continuous cam track on the outboard side

of these chains. These cam followers together with its cam track not only

form an effective horizontal support for each of the associated crossbars,

but also aids in the establishment of the previously mentioned transitional

drive chain path.

In the present design configuration, the pitch line of the drive chain and
the rounds have been positioned on the same horizontal centerline. This
change was initiated so that the rounds would undergo only minimal acceler-
ations and decelerations as they are led on and off of sprockets. In other
words, the present design insures that the linear velocity of the round in
the straight is equivalent to the tangential velocity of round ir a
curvilinear path at the sprocket. The end result of this change 1s that
power consumption is minimized,

2.3 SYSTEM DESIGN
2.3.1 MAGAZINE

The magazine (Figure 3) is a dual bay magazine, utilizing maximum aircraft
bay volume, with a storage capacity of 646 rounds of 25mm ammunition, 323

rounds per bay, and provides for ammunition feed at a selectable weapon
demand rate.

The magazine permits restowage of all fired cases and unfired rounds re-

turned by the pitch expander/combining unit from the weapon, and is com-

pletely reversible for round repositioning at burst termination and during

the reloading cycle. The magazine is capable of being operated completely !
filled, partially filled or in an empty state. A closed loop linked con-
veyor system is contained in each magazine bay (Figure 4). The conveyor
elements position and carry the rounds minimizing actual round contact with
guide surfaces or folding sprockets. The conveyor routing, throughout each
bay, consists primarily of a series of vertical loops, folded accordion
style, terminated at each end by a six-cavity sprocket which unfolds the
conveyor elements, reverses the direction of motion and refolds the belt.
The conveyor belt path at the forward feed end and bottom of the magazine
bay is straight line with the conveyor elements extended at their normal
pitch of 1.875 inches. At the forward feed end of the magazine bay, five
cavity sprockets terminate the straight line conveyor path,

11
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Utilization of the accordion folding technique increases the number of
rounds per unit volume by 40 percent insuring high storage density and
reduces the conveyor belt velocity by 50 percent of that for an extended
belt (Figure 5),.

With a weapon demand rate of 6000 SPM, using the dual bay magazine, each
bay is required to supply 3000 SPM to the weapon.,

The extended conveyor belt velocity is 93.75 inches/second

p = 1.875 inch Conveyor Pitch, SPM = 3000

SPM(P) _ 3000(1.875) _ _
60 Sec/Min 50 = 93,75 inches/second

accordion folded belt velocity is 46,88 inches/second

0.9375 inch Equivalent Conveyor Pitch; SPM = 3000

SPM(P) _ 3000(.9375)
60 Sec/Min - 50 = 46.88 inches/second

The conveyor elements are pinned together, with one pin on each element
being an extended guide pin. The extended guide pins- alternate on each
end of every other conveyor element. These guide pins follow two separate
closed loop guide tracks (see Iigure 3) in each magazine bay, one track
mounted to the center bay divider and one track mounted to the outer bay
cover. These two guide tracks together form a complete and pos.tive con-
veyor guide path throughout each magazine bay.

The throat geometry of the guide tracks at each folding sprocket (Figure 6)
has beern established by a computer program (see Appendix A) to assure smooth
folding and unfolding of the conveyor elements and to minimize chain hop
effects of the conveyor elements while on the sprockets.,

The use of the guide pin and track design greatly increases the magazine
reliability by completely eliminating dependency on the toggle effect of the
conveyor elements themselves to maintain their respective folded and un-
folded positions during magazine operation.

To aid in the folding and unfolding process, push rods (see Figure 3) are
strategically located laterally between each conveyo~ element in the folded
state. These push rods are fixed at their ends to c’osed loop chains
located between each vertical folded loop in the magazine bays. The chain
and push rod units are powered by gear takeoffs in the upper and lower gear-
boxes. The push rod drive shafts are common tc both bays and extend the
full width of the magazine. The rods effectively push the folded conveyor
belt through each vertical loop to the folding sprockets achieving a con-
stant conveyor velocity in the vertical loops. This reduces friction be-
tween the guide surfaces and the conveyor elements and lowers the forces
exertea on the folding sprockets which reduces wear and power requirements,

The pitch spacing of the conveyor element, 1,875 inches, dictated the chain

pitch which could be used. Number 35 chain was selected based upon its
pitch of 0,375 inch, and a push rod is positioned at every fifth pin joint,

13
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This chain has an ultimate tensile strength of 2100 pounds but is loaded to
only 90 pounds at 7.5 g's inertial load. This represents an effective
derating of 95 percent. Operating the chains at these low load levels will
assure long trouble-free life,

Vertical extruded guides, mounted on the center divider panel and outer
cover of each magazine bay, are located between the folded loops to provide
support tracks for the push rod chains and side guidance for the folded
conveyor elements., Openings have been provided near the top of both
magazine bays for the erit of rounds to the pitch expander/combining unit
and for the re-entry of cases and unfired rounds from this unit.

On weapon demand, movement of the magazine conveyor belts is initiated
causing live rounds to be simultaneously cammed out of their respective
conveyor elements by exit guide fingers located in the magazine opening

areas, where they are picked up by the expander sprockets in pitch expander/
combining unit.

As the empty conveyor elements proceed slightly further, re-entry guide
fingers cam either empty cases or unfired rounds from the expander sprockets

into these empty conveyor elements for restowage in their respective magazine
bays.

Locating fittings for mating the pitch expander/combining unit to the maga-

zine are mounted outboard on the magazine at the upper and lower extremes

of these openings. The lower fittings are slotted to accept external close

tolerance pins on the pitch expander/combining unit while the upper fittings

have close tolerance holes to accept pip pins for quick removal of the two

units. The pitch expander/combining unit fittings when mated with the '

magazine fittings also provide for the proper lateral positioning of these
two units,

In order to provide compatibility between the magazine and pitch expander/
combining unit network conveyor, the conveyor belts in each magazine bay
are precisely one-half round pitch out of alignment with respect to each
other. Loading and downloading of the system 1s accomplished through
utilization of AGE equipment, mounted to an access port in the bottom of
the magazine, with the complete feed system remaining intact in the air-
craft. The AGE essentially consists of a multiple sprocket arrangement
driven from the magazine spur gear located at W.L. 98.152 and B.L. 11,699,

causing a simultaneous exit of empty cases or unfired rounds and entry of
new live rounds,

This arrangement requires no additional access to insure that the lead
rounds enter the system sprockets and guides correctly, L

16




5

A

i
i

2.3.2 MAGAZINE DRIVE SYSTEM

The magazine drive system (Figure 7) is made up of the following components:
® Drive gear
® Upper gear box
® lLower gear box
® Bevel gear set connecting upper and lower gear boxes.,

The magazine is driven from the pitch expander/combining unit by means of
4 spur gear drive,

The drive gear is located outboard on the magazine at B,L., 11.699 and
W.L. 137.62 and is splined to the feed end drive shaft of the upper gear box.

This gear box powers the four upper conveyor folding sprockets and has three
takeoffs for powering the push rod drive shafts located at B.L, 4,50,
B.L. 3.00, and B.L. 10.50.

The lower gear box is powered from the upper gear box by a connecting double
bevel pinion shaft, one pinion meshing with a bevel gear on the upper con-
veyor spirocket drive shaft and the other pinion meshing with the lower con-
vVeyor sprocket drive shaft, Utilizing gearing to power all conveyor drive
Sprockets rather than chains minimizes the backlash between the sprockets,

across the bottom of the magazine (reload area) and along the right side
(pitch expander interface), Excessive backlash between sprockets in these

loads and wear on the connecting pins and should be avoided. The lower
gear box powers five conveyor folding sprockets and has three takeoffs for

gears,

The gear boxes are internally mounted to the center divider panel in the
magazine, with the conveyor and push rod drive shafts extending the entire
width of both magazine bays. Using this approach, all drive shafts are
powered from their centers, minimizing shaft windup, and maintaining proper
timing of the conveyor elements between the two bays.

This drive system design incorporating all lightweight drive gears in place
of comparably heavy chain and drive sprockets reduces weight and ninimizes
timing problens associated with chain-driven components. The problems

of chain stretch and tension adjustment are eliminated by using the
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Figure 7.

25mm Magazine Drive System Schematic
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gear-driven sprockets. The only chains utilized in the current design
are those powering the push rods and these are operated at loads less
than 5 percent of their ultimate capability.

External timing, between the magazine and pitch expander/combining unit at
assembly or disassembly in the field, is reduccd to one point which occurs
at the power drive gear mesh. Timing provisions are incorporated at this
point such that the units cannot be mated without proper timing having
been achieved.

2.3.3 MASAZINE CONSTRUCTION

The basic magazine construction consists primarily of aluminum sheets rein-
forced with right-angle extrusions. The magazine utilizes a hard back center
as the primary structure. The hard back consists of the center shear web,
also serving as the ammunition bay divider, to which the upper and lower
power drive gear boxes are attached.

The gear boxes run the full width of the center shear web, providing lateral
rigidity and pickup aluminum right angle extrusions, riveted back-to-back at
the sides and bottom of the center shear web. The upper magazine contour

is formed by the power drive gear box which also mounts the magazine hoist
fitting.,

The magazine top cover consists of a formed aluminum sheet, with right-angle
extrusions riveted to the outer edges providing stiffness, and is attached
by fasteners to the upper gear box,

Vertical extruded guide sections are mounted to the center shear web pro-
viding continuity between the gear boxes. These guides control the con-
veyor in its folded configuration and provide running spaces for the push
rod drive chains. The guides are secured with screws and plate nuts pro-
viding for easy removal in the event of guide damage.

Individual steel folding sprocket throat guides are piloted to their corres-
ponding gear box bearing bores and are attached to the gear boxes and cen-
ter shear web by means of fasteners. The use of individual guides reduces
weight, provides for easier assembly, and minimizes maintenance time re-
quired in the event of guide damage. The repetitive use of individual guides
permits economy of fabrication due to both size and quantity. The magazine
bottom cover consists of a flat aluminum sheet with riveted right-angle ex-
trusions along the sides and ends of the sheet. Reload access ports are pro-
vided in this cover. The cover attaches to the center shear web by means of

fasteners and matching plate nuts mounted on the center web right-angle ex-
trusions.

The extrusions, attached to the bottom cover and running the width of the

magazine bay, also incorporate the horizontal portion of the conveyor element
guide track.

The magazine end panels are constructed of aluminum sheets with right-angle
extrusions riveted to their vertical edges. These extrusions incorporate
the vertical portions of the conveyor element guide track. The magazine
side panels consist of flat aluminum sheets, attached entirely around their
periphery by fasteners to the aforementioned panels and providing continuity
to the magazine.
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Steel folding sprocket throat guides, housing the drive shaft bearings,
are piloted to the side panels. Vertical slots are machined into the
side panels in the area of the chain-driven push rod units. The chain-
driven shafts are held by bearing caps, spanning the slots.

Extruded vertical guides extend into the slots between the bearing caps.
These guides control the conveyor in its folded configuration and provide
running space for the push rod drive chains. The guides are mounted out-
board on the side panels by means of fasteners that match side panel plate
nuts. Removal of these guides provides visibility to the folded conveyor
elements for inspection purposes or in the event of a jam or malfunction.
All gearing and drive shafts are supported by ball-type bearings containing
double shields for protection from contaminants.

All drive shafts span both magazine bays with only the push rod chain and
conveyor sprockets reoriented to insure that one magazine conveyor is
precisely one-half round pitch-off with respect to the other conveyor to

‘maintain proper hand-off timing to the pitch expander/combining unit,

All drive shafts, excluding the push rod chain drive shafts, are hollow-
centered utilizing maximum material effectiveness. The drive sprockets
and shafts are splined, with blind spline timing provisions incorporated,
for ease of field service and repair. Except where noted, all fabricated
magazine components are made of aluminum alloys.

2.3.4 MAGAZINF MOUNTING

Magazine mounting in the aircraft ammunition bay is accomplished by three
sets of fittings which prohibit aircraft deflections from transferring loads
into the magazine. These fittings are:

Ammunition magazine support - Forward bulkhead
Ammunition magazine support - Aft bulkhead
Upper and lower sideload fittings

The ammunition magazine support-forward bulkhead consists of an adjustable

Pivoted turnbuckle connection to the fuselage station 481.50 forward bulk-
head,

The ammunition magazine support-aft bulkhead consists of a pin and seat-type
fitting which locates the magazine to the lower section of the fuselage sta-

tion 509.5 aft bulkhead, The fitting positions the magazine in its waterline
and station positions.

The upper and lower sideload fittings locate the magazine in its buttline
position. This is accomplished through closely defined fittings which lo-

cate on the aircraft vertical "tee" fittings of the forward and aft bulk-
heads.

In addition, these fittings serve to guide the magazine as it is hoisted
into or removed from the aircraft ammunition bay.
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2.3.5 PITCH EXPANDER/COMBINING UNLT

This unit consists of two distinct mechanisms, the pitch expander and the ].
combiner, both of which are enclosed within a common housing (Figure 8).

The primary functiou of this unit is to transport rounds from a dual bay

magazine system and to combine them into a single flow of ammunition suit-

able for transfer to the weapon,

2.3.5.1 PITCH EXPANDER MECHANISM

The pitch expander mechanism has been designed to transfer rounds sequen-

tially from each of the magazine bays to the combining mechanism at an

expanded pitch. In order to avoid overboard discharging of spent cases and

unfired rounds, provisions have been incorporated into the mechanism so as, !
to permit the return of these items from the weapon to the magazine for

stowage. The expander operates at firing rates of up to 6000 shots per |
minute while synchronized with the weapon. In addition, due to the neces-

sity of weapon clearing at burst termination, the mechanism is capable of -
operating in the reverse direction. Finally, all of these capabilities can

be performed regardless of whether the mechanism is empty, partially filled,

or totally filled with complete rounds or empty cases in any combination,

The pitch expander mechanism consists of a total of four expanding sprockets 8
that are so situated that one pair is aligned with each of the individual
magazine bay openings. Each pair of sprockets has the capability of trans-
| ferring rounds and cases and also of effecting a round pitch expansion or
contraction orior to handoff,

In the operation of the mechanism, upon weapon demand, the two lower expander
sprockets assisted by hardened steel round guides extract live rounds from
each of the two magazine bays. Prior to extraction, each round must be
partially cammed out of its respective carrier element by a set of magazine
guide fingers so that the round guides can effectively move the extracted
round into a vacant cavity of the expander sprocket. To insure a smooth
extraction of rounds, each expander sprocket is designed to provide a

Precise velocity match of its pitch line with that of the magazine con-

veyor at the point of transfer. The equations used to formulate this
velocity match are given below:

Vc = Linear velocity of magazine conveyor in inches/second
R = Firing rate in shots/second

P = Pitch distance between rounds in inches ;

WS = Angular velocity of expander in radians/second
N = Number of cavities in expander sprocket
VS = Tangential velocity of expander sprocket in inches/second

Y = Radial distance between sprocket pitch line and the center of rotation
of the expander sprocket in inches.
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At a maximum firing rate of 6000 shots/minute or 3000 shots/minute for
each magazine bay, the following can be computed:

R = 3000 shots/minute : 60 S . 50 SPS
min

VC = RP = (50 SPS) (1.875) = 93.75 inches/second

For velocity matching Vc must be equal to VS

93.75 inches/second

R21/N = (50 sps) (2m)/4

78.539 radians/second

Wg rg = 93.75 inches/second = (78.539 rauians/second)
= 1.194 inches

Therefore, rg must be 1.194 inches at the point of transfer to assure a
precise velocity match. The rounds are transported within the magazine at
a minimum pitch; for this reason, the pitch lines of the expander sprocket
and magazine conveyor had to be separated by .210 inch to avoid, upon sys-
tem reversal, the interference of the sprocket cavity sidewalls with the
conveyed rounds as they retreated from the handoff point.

Subsequent to extraction, each of the lower expander sprockets must effect
a pitch expansion from 1.875 inches to 4.000 inches where it is compatible
with that of the combiner mechanism. The angular interval over which this
expansion can occur is dictated by the timing relationship that exists be-
tween the expander sprockets and its two physical interfaces. The equations
used to formulate this timing relationship and thereby establish the
sprocket centers are presented in Appendix B, A computer program was
developed using these equations to determine a solution which satisfied
the above stipulated design parameters. The results of the program showed
that three possible solutions existed, only one of which was compatible
with the aircraft envelope and round geometry. This solution stipulated
that the angular interval over which the pitch expansion could occur would
be contained within 125°,

The expander sprockets have utilized a design philosophy similar to that
which was used on the GAU-8/A feed system. This design entails the use of
four expanding carriers which, when driven by a drive sprocket and controlled
by a set of cam guides at each end, induces a reciprocating motion which
effectively expands the pitch of the rounds contained within each of the
carriers (Figure 9). Based upon extensive testing during the GAU-8/A pro-
gram, it was proven that this type of mechanism was extremely reliable and
durable at speeds approaching 4500 shots/minute. Design of the expansion
cams was based upon cam/follower contact angle in order to minimize sensi-
tivity of the device to friction variations. It was evident that a reduc-
tion in wear and power consumption was achieved due to the smaller frictional
level. The only disadvantage encountered with this approach was that the
round accelerations were somewhat higher. However, an analysis of the
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Figure 9. Pitch Expander Mechanism

final configuration showed that, at the maximum weapon demand rate, the
peak tangential acceleration was 21 g's while the peak normal acceleration
was 41 g's. These values demonstrate that the acceleration levels exerted
on the round are well within the acceptable limits of 200 g's.

Throughout the expansion process, positive axial and longitudinal control
of rounds is maintained. The former is achieved by means of a set of
hardened steel guides while the latter is accomplished by means of a
guide surface designed to engage the extractor groove of each round.

Subsequent to expansion, the rounds are transferred simultaneously from

the two lower expanding sprockets to a succession of carrier elemeiits on the
combiner mechanism. In order that this simultaneous transfer of rounds take
place, it was necessitated that one expander sprocket be rotated one-half
round pitch with respect to the other. Once again, as was the case at the
magazine interface, each expander was designed to insure a precise velocity
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match with the combining conveyor. The equations used are identical to
those stated previously except that, in this instance, the transfer is
occurring between two rotating sprockets rather than between a rotating
sprocket and translating belt. For this reason, it is only necessary to
utilize that equation which rc¢lated to a rotating sprocket, that of Vg =
Wgrg. Results of these computations revealed that r, must have a value of
2.488 inches at the point of transfer to effect a smooth handoff. Once
again, hardened steel guides are utilized to extract the rounds from the ex-
pander, insert them into the combining conveyor, and provide positive gxial
and longitudinal control,

As was stated at the beginning of this section, one of the requirements of
the pitch expander mechanism is to restow empty cases and unfired rounds.

In operation, both expanding sprockets simultaneously extract empty cases
from the combining conveyor, effect a necessary pitch contraction from 4.000
inches to 1.875 inches and sequentially insert them into empty magazine
carrier elements., This is achieved by using expanding sprockets and cam
guides which are identical to their lower counterparts except that they are
opposite hand parts. Cam angles, accelerations, and velocity matches are
identical to those which were discussed previously in this section.

2.3.5.2 COMBINER MECHANISM

The combiner mechanism takes rounds from the two pitch expander sprockets
and translates them over a given distance into a single stream of ammunition
at a maximum combined rate of 6000 shots per minute,

In the operation of this mechanism, rounds are sequentially transferred into
a conveyor network in which each of the alternate carrier elements are
aligned with one of the two lower expander sprockets. In order that proper
round transfer can be achieved, it is required that the round pitch of both
the expander sprocket and of the carrier elements be identical at the point
of transfer. The conveyor network has been designed to provide a round
pitch of 2.00 inches between successive carrier elements and consequently

a 4.00-inch pitch between alternate cnes matching the output pitch of the
expanders.

Subsequent to handoff, each of the carrier elements containing a round is
translated over a distance of 16 inches. This motion is achieved by a series
of crossbars which are spaced at 2.00-inch intervals and which are laterally
restrained by roller bearings positioned near each end of the crossbar.,

Each crossbar has been designed to support a single carrier element. Support
is accomplished by means of two integrally cast carrier foot guides which
engage a continuous machined way in the crossbar. Short support links at
each end are used to combine the crossbars into a continuous chain.

Motion is imparted to these drive chains by means of cam followers
positioned and concained in a continuous cam track on the outboard side of
these chains, These cam followers essentially perform four functions.
First, they engage pairs of sprockets which provide the power transmission
necessary to drive the conveyor network. Second, because of cam track
constraint, they serve as a horizontal support for each of the associated
crossbars and consequently their carrier elements. Third, the cam followers
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together with the cam track form a lead-on and lead-off path for the
sprockets in such a manner as to minimize chain impact and associated
power losses. Finally, because rolling rather than sliding friction exists
as the cam followers are translated along the cam path, power consumption
is minimized.

It should be noted that while the carrier elements are maintained at a
2.00-inch pitch, the cam followers are positioned on 1.00-inch centers.
This reduced spacing is to minimize chordal action and thus diminish dy-
namic loads and premature chain wear. This reduction in pitch is achieved
by the addition of intermediate articulating points (connecting links).

During the process of longitudinal motion, a transverse movement 1s super-
imposed upon each of the carrier elements. This movement causes them to
converge towards the centerline of the combiner mechanism so that at the
end of 16 inches, the two streams of carrier elements have been converted
into a single flow at a reduced pitch of 2,00 inches.

This transverse movement is achieved by the utilization of two independent
cam tracks. Each alternate carrier element is controlled by one of the
tracks. The control is effected by means of a ball-bearing cam follower
secured to the bottom of each carrier. This cam follower, when inserted
into either of the cam tracks, causes the carrier to move transversely

along its crossbar as it is translated longitudinally along the cam track.
The crossbar has been configured to insure a smooth sliding action between
it and the carrier element. The crossbar has been designed to provide
maximum stiffness and preclude magnification of the caw loads. 1In addition,
the utilization of cam followers running in a cam track permits a lower

level of power consumption due to the lower coefficient of rolling friction
associated with it.

The design of the cam track profile proviaes a lateral movement of 5.73
inches in a distance of 13.40 inches. 1In order to minimize the loads
assoclated with this lateral movement, it was established that the cam pro~
file be so shaped as to permit camming action to occur over as long an
interval as possible. Final definition of the cam track profile was accom~
plished through the use of a computer program which was developed using

the above design criteria (Appendix C). Results of this program demon-
strated that the most desirable solution was that shape which simulated a
modified sinusoidal curve, Subsequent calculations based on this curve
revealed maximum cam angles of 30 degrees and round accelerations of
approximately 37 g's, which are well within the acceptable round design
limit of 200 g's.

After the rounds are cammed into a common path at the far end of the com~
biner mechanism, they are sequentially extracted from their respective
carrier elements where, in turn, they are inserted into a transfer sprocket
in the weapon interface assembly. In effecting this handoff, the rounds
undergo an incremental pitch expansion from 2,00 inches to 2.22 inches,
This increase is one segment of a multiple step pitch expansion process
that occurs as the round is conveyed through the weapon interface assembly

with the final desired result of achieving a pitch that precisely matches
that of the weapon.
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In that the combiner mechanism must handle empty cases and unfired rounds
that are returned by weapon for restowage, a design philosophy identical

to that discussed above is incorporated into this mechanism, However, the
utilization of a closed loop drive chain in conjunction with an identical
carrier cam track in this instance causes the empty cases to be diverted
from a single common path to that of two streams of flow which are then
suitable for transfer to the pitch expander mechanism. Since the same
design philosophy has been used, it necessarily follows that all previously
stated comments with regard to functions, accelerations, and loads are
applicable,

2.3.6 PITCH EXPANDER/COMBINING UNIT CONSTRUCTION

The pitch expander and combiner mechanisms are enclosed in a common housing.
This housing essentially consists of a total of seven structural members:
(a) an upper and lower cam plate, (b) a forward and aft end plate, (c) a
top and bottom cover, and (d) a center support. Each of these structural
members has been fabricated of aluminum for reasons of cost and weight
reduction. In addition, each of these items has been so designed as to
preclude numerous machining operations.

The upper and lower cam plates, which are bolted to one another, are
positioned on the horizontal centerline of the combiner mechanism. These
plates serve to provide a structural shape in which two pairs of sinusoidal
cam tracks are machined. The design criteria that was utilized to develop
these plates was based upon sciffness rather than stress levels so as to
preclude deformation of the cam tracks.

At each end of the cam plates, aluminum fittings have been mounted in such
4 manner as to align with each of the cam tracks. These fittings, which
possess an identical shape to that of the cam tracks, provide a smooth
continuous path for the cam followers as they travel from the lower to

the upper set of cam tracks.

In addition to the cam tracks, a continuous rectangular slot has been
machined into each of the plates. Steel fittings are, in turn, installed
into each of these slots. These fittings provide a center guide track

for a series of crossbar foot guides whose purpose is to furnish additional
stiffness for each of the crossbars,

Positioned and bolted to either side of the cam plate assembly are the
forward and aft end plates. As one of its functions, these end plates
furnish the means cf supporting the four gear-driven shafts that comprise

a portion of the pitch expander and combiner mechanisms. Two of these
shafts are utilized to support the upper and lower expander sprocket assem-
blies. The position and retention of these assemblies are achieved by a
cross~pinning of the drive sprockets. Each of the elements that comprise
the expander sprocket assemblies is of steel construction because of high
loads and wear to which they are subjected during the expansion and
contraction processes. 1In particular, the carrier element has utilized a
steel investment casting which has been so configured as to effectively
cradle the round by providing support at both the neck and the base of the
round. A casting configuration was utilized for reasons of weight and cost,
The other two shafts provide support for the pairs of aluminum chain sprocket
that drive the combining conveyor network.
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All of the four shafts are supported in the end plates by sealed radial
bearings and have incorporated a spline at the gear interface end. These
splines have a blind tooth so as to achieve repeatable timing upon reassem-
bly in the field. Both the shafts and associated gears are fabricated from
heat-treated steel alloys.

Another function of the forward and aft end plates is that they provide a
mounting surface upon which a series of steel cam guides are bolted. To

insure proper positioning, these guides have been piloted into the adjoining
bearing bores.

Extended close toleranced locating pins have been installed in the lower
portion of each of the end plates. TIhese pins engage slotted magazine fit-
tings while close toleranced Pip pins located in the upper cover mate close
toleranced holes provided in a set of upper magazine fittings. The combina-
tion of these extended pin and Pip pins vertically position as well as sup~
port the pitch expander/combining unit on the magazine. Lateral positioning
is achieved by closely defining those machined surfaces on both units

which physically interface with one another upon attachment.

A different technique was utilized to attach the magazine turnaround unit.
In this jnstance, a pair of close tolerance pins are mounted on the turn-
around unit in such a manner that when the two units are joined, :-he pins
engage a set of close tolerance holes in each end plate of the pitch
expander/combining unit. Upon engagement, both units are effectively
aligned and positioned to one another so as to insure smooth round trans-
fers. High strength, quick-release fasteners have been installed in the
top and bottom covers of both units to effectively connect the units.

Due to the restricted aircraft envelope, each of the fasteners has incor-
porated the added feature of a retaining ring so as to capture the fastener
on the turnaround unit in the disassembled state.

External timing at both of the above-mentioned interfaces is reduced to

a single gear mesh at either end. Timing provisions have been incorporated
at both of these points in such a manner that assembly is prohibited with-
out proper timing being effected.

Bolted to the upper and lower surfaces of the end plates are the top and
bottom covers to which steel round guides are riveted and bolted. Thase
guides, eight in number, provide effective radial control of the rounds
throughout the combiner mechanism while longitudinal control is achieved
by the individual carrier elements. These carriers of aluminum bronze
cast construction achieved this round control by the incorporation of a
protrusion which engaged the extractor groove of each round. 1In addition,
two other protrusions were utilized to cradle the cartridge case and
projectile nose, All driving loads are imparted to the carrier element
rather than the round, thus minimizing the possibility of the round being
damaged mechanically.

The round guides mounted on each cover also fulfill the capability of ex-
tracting and inserting rounds to and from the upper and lower expander
sprocket assemblies. In order to minimize weight and still provide sufficient

structural capabilities, lightening holes have been incorporated iato each
of the cast covers.




The funtion of the center support is to provide an additional mounting
surface for the remaining set of expander sprocket cam guides, utilizing
the same technique of mounting. 1In addition, the expander sprocket drive
shafts when inserted into machined bronze bushings installed in this
casting provide a center span support for each of the rotating shafts.

2.3.7 WEAPON INTERFACE ASSEMBLY

The Weapon Interface Assembly is configured to accommodate the weapon
throughout its range of boresight adjustments, which include horizontal,
vertical, pitch, and yaw directions, and the recoil excursions as cited
of .75-inch recoil and .40-inch counter-recoil. A further objective is
to isolate, to the greatest extent possible, the weapon recoil loads from

the ammunition feed system,

The Weapon Interface Assembly is made up of three units:
® Magazine turnaround unit
® Flexible chutes

® Weapon turnaround unit

In the following paragraphs, a brief description of each of these units is
presented.

2.3.7.1 MAGAZINE TURNAROUND UNIT

The magazine turnaround unit consists of an aluminum cast housing that
contains two round handling transfer sprockets and a single conveyor drive
sprocket, all of which are attached to gear-driven rotating shafts (Figure
10). One portion of this unit sequentially extracts rounds from the pitch
expander/combining unit, effects a two-step pitch expansion and, subsequen-
tially, transfers the rounds to the weapon interface conveyor while the
other portion simultaneously reverses the above process so as to permit the
return of spent cases and duds.

Due to the fact that in the wrapped configuration, the combining network
conveyor has an equivalent round pitch of 1.93 inches, and the weapon inter-
face conveyor has an equivalent pitch of 2,44 inches, it becomes necessary
to perform a pitch expansion so as to effect a round transfer from one
conveyor to the other. An intermediate transfer sprocket has been incor-
porated to provide a means by which the above-mentioned pitch expansion can
be achieved. This expansion is accomplished in two stages., The first
stage occurs when the rounds are cammed out of their respective combining
conveyor elements and are inserted into the transfer sprocket by hardened
steel round guides, Subsequent to this hand-off, the transfer sprocket
undergoes a small angular rotation at which time the second stage occurs.
Round guides again cam the rounds out of the transfer sprocket where they
are, in turn, inserted into the weapon interface conveyor. Throughout

both pitch expansion stages, positive longitudinal and axial control of the
live round have been provided. Longitudinal control is achieved by an aft
round guide which engages the round extractor groove while continuous upper
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and lower guides control the axial motion of the round. In addition, each
transfer sprocket utilizes a high siae-wall design whose function is to
provide control of each round along its pitch line once it has been
partially cammed out of its respective cavity.

While the weapon interface conveyor is powered by the conveyor drive
sprocket, its motion is controlled by a set of guides mounted in the
magazine turnaround unit. These guides, which are of steel comstruction,
consist of two link guides and a finger guide which have all been configured
in such a manner as to establish a conveyor pitch line which makes a

smooth transition from a straight to a curvilinear path. The significant
advantage gained from the transitional path is that the chain hop and its
associated shock loads are minimized. In order to assure proper positioning
of each of the conveyor guide elements, locating pins and piloting techniques
have been employed so as to locate all of these items relative to the
centerline of the conveyor drive sprocket.

Bolted to the forward end of the magazine turnaround unit housing is a
gearbox assembly whose primary function is to provide an interface for the
input power that is required to operate the entire feed and storage system.
The gearbox assembly essentially consists of a bearing-supported input
drive shaft to which is mounted an input bevel pinion which forms one-half
of a bevel gear set. Power is transmitted to the input drive shaft by
means of an aircraft-supplied, hydraulically-operated line shaft. So as

to provide proper alignment and coupling of this line shaft and the input
drive shaft, universal couplings have been utilized.

Since both the feed and return chutes are physically interfaced with the
turnaround unit, provisions have been incorporated into this design to
allow for their attachment. These mounting provisions consist of a series
of chute brackets and mounting lugs which ef{ectively engage the standard
quick-disconnect type latches that are mounted on each end of the individual
chutes. In addition, to insure proper positioning of each of the chutes,
close tolerance holes have been provided in the turnaround unit which
accept extended guide pins located in each of the chute end fittings,

All of the three sprockets and their associated drive shafts have been
fabricated from hardened steel. In particular, each drive shaft has
utilized a hollow center design for reasons of weight reduction and utiliza-
tion of maximum material effectiveness.

All three drive shafts are supported in the turnaround unit by a combination

of sealed roller and angular contact bearings. In addition, a spline has

been incorporated at each of their gear interface ends. Each of these splines

utilizes a blind tooth technique so as to achieve repeatable timing upon

reassembly in the field. All spur and bevel gears are fabricated from

heat-treated steel alloys., All other components that comprise the turnaround o
unit are of aluminum construction for reasons of weight reduction,
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2.3.7.2 FLEXJ/BLE CHUTES

Two custom-designed flexible chutes have been integrated into the feed
system to transfer the linked conveyor elements. One chute guides the
conveyor elements full of rounds from the magazine turnaround unit to the
weapon turnaround unit. The other chute guides the return of the conveyor
elements full of spent cases and unfired rounds from the weapon turnaround
unit to the magazine turnaround unit.

Both flexible chutes are predominantly of aluminum construction with
stainless steel guide surfaces to afford the best combination of weight
reduction and wear resistance. The chutes have been slzed to accommodate
the conveyor elements at rates up to 6000 rounds per minute while avoiding
large energy drains and preventing conveyor element damage. The chute

has also been designed to minimize the contact between live rounds and
chute guides. Since the 25mm LLFS must operate in the reverse direction
for round repositioning at burst termination and for reloading purposes,
the chute design must accommodate conveyor element travel in either direction
while maintainirg its required flexibility. 1In order to allow complete
reversibility, individual leaves, required for flexibility, are interlocked

in opposite directions to present a smooth, continuous guide surface for
conveyor or rounds,

The chute design permits quick disconnects at both the magazine turnaround
unit and the weapon turnaround unit by means of standard chute latches and
close tolerance guide pins. The guide pins ensure that the chute opening
is accurately positioned for reliable insertion and extraction of the
conveyor element at both turnaround units. Sufficient flexibility has been
provided in the chutes to allow for normal gun excursions during recoil

and counter-recoil as well as accommodating required movement during
boresighting operations.

2.3.7.3 WEAPON TURNAROUND UNIT

The weapon turnaround unit interfaces with the weapon transfer unit This

interface is preliminary only based on the final configuration of the
weapon transfer unit.

The weapon turnaround unit (Figure 11) 1is designed to convey live rounds
to the weapon transfer unit and to accept empty cases and unfired rounds
from this unit for restowage in the magazine. This unit consists primarily

of an aluminum cast housing containing the weapon interface conveyor drive
sprocket,

The flexible chutes are attached to this unit by means of steel fittings
mounted to the housing sidewalls. Proper chute positioning is maintained
by steel bushings in the housing which accept extended locating pins in the

chute end fittings. These Pins also isolate recoil and counter-recoil
loads from the chute fittings themselves.

The weapon turnaround unit attaches to the weapon transfer unit by means of
tension fasteners. Locating pins are utilized to achieve pProper positioning

between the two units and to isolate all weapon recoil and counter-recoil
loads from the fasteners.




B

The turnaround unit design assumes inclusion of two transfer sprockets,
positioned vertically, incorporated into the transfer unit. The expansion
design philosophy for the Weapon turnaround unit is identical to that
previously utilized in the magazine turnaround unit, in that the rounds
undergo a double pitch expansion. The total round pitch expansion ratio
is approximately 12.2 percent.

feed loop while cases and unfired rounds exit from the upper portion of
the conveyor loop.

Upon weapon demand, rounds at the drive sprocket are lifted from their
respective conveyor elements by hardened steel cams mounted to the sides
and bottom of the turnaround housing for hand-off to the lower transfer
sprocket where they undergo their first pitch expansion. The second
expansion, matching the required weapon pitch, occurs at the hand-off from
the transfer sprocket to the weapon barrel group. The expansions between
the respective sprockets are achieved by offsetting the sprocket centers
coupled with the use of guides to maintain round control.

turned cases and unfired rounds for acceptance in the upper portion of the
feed system loop for restowage in the magazine. The side cams controlling
the conveyor elements in the loop configuration around the drive sprocket,
have been tailored to minimize chain hop and acceleration-deceleration
effects. These effects are particularly significant in large pitch con-
Veéyors running on sprockets with small numbers of teeth. Tailoring of
these cams to the conveyor configuration Provides for a smooth transition,
of conveyor and rounds, from a straight line to circular pitch and reduces
the shock loads on the conveyor as it comes on the sprocket,

Timing between the turnaround unit and transfer unit is achieved by the
use of conventional Spur gearing. A spur gear fixed outboard on the
conveyor drive sprocket shaft will mesh with two identical spur gears
fixed to the upper and lower transfer unit sprocket drive shafts. The

drive sprocket, containing six cavities, and all guides and cams are
made of hardened steel,

The steel drive sprocket shaft is hollow Centered for weight reduction and
utilization of maximum material effectiveness,

The drive shaft is supported by ball bearings equipped with double seals
for protection from contaminants. All other components in this unit are
made of aluminum for weight reduction, Commonality of parts, wherever
possible, between the magazine turnaround unit and weapon turnaround
unit will be utiiized to reduce system costs,
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2.3.8 SYSTEM CONVEYORS

2.3.8.1 STORAGE CONVEYOR

The magazine storage conveyor system consists of 326 conveyor elements
(Figure 12) joined together to form a continuous loop in each magazine bay.
Each conveyor element is designed to insure that direct handling of the
bare round by sprockets or guides is avoided wherever possible. It is omly
in the areas where the conveyor element is extended that the rounds will
come in direct contact with guide surfaces,

The conveyor belt pitch has been maintained at a minimal pitch of 1.875
inches to achieve maximum magazine capacity and low belt speeds. This
technique results in lower power levels and minimal wear. The conveyor
elements are constructed from A357-T61 aluminum investment castings.

The conveyor elements have cylindrical ends, 1.870 inches in diameter with
cast-in-place links. A rigid Spine laterally connects the ends of the
elements. Fingers cast from this spine retain the rounds and empty cases
throughout the system except in the aforementioned guide areas,

Lateral positioning of the rounds and cases in the conveyor elements is
accomplished by a cast radial protrusion, connected to the butt cylindrical
end and spine, matching the case extractor groove,

Round contact pcints, with the conveyor elements, are at the case extractor
groove, in the shoulder area of the cuse, and at the projectile. Full
rounds are supported by the extraction groove and the projectile. The
€mpty cases are supported by the extraction groove and the case body at
the shoulder. The case shoulder support poirt is slightly oversize to
accommodate case swell at firing. The spine is contoured to allow for
lifting of the round from the conveyor elements by guide fingers, located
in the magazine exit area, for transfer to the pitch expander sprockets,
and for return of empty cases from the pitch expander sprockets to the
conveyor elements,

Machining of the conveyor elements is limited to the pitch centers, links,
and round control ‘eatures. The conveyor elements are coated with Emralon
333 to reduce wear and friction with the magazine guide tracks,

Headed bronze bushings pressed in the cast links provide bearing surfaces
with the cylindrical ends, during folding and unfolding in the magazine,
when the conveyor elements are connected. The alternately extended pins
track in the closed loop guide system attached to the center divider and
side panel of each magazine bay. This feature completely controls the
conveyor loop throughout the magazine bays assuring stabilization and
providing positive folding and unfolding of the conveyor elements,
eliminating all dependency upon link toggle effects.

L-shaped connecting pins of aluminum bronze are used for joining successive
conveyor elements. The pins are hollow with an internal diameter of 0.189
inch. The connecting pins are alternately extended at each end of the
conveyor element throughout the entire loop. This necessitates that an
even number of conveyor elements be contained in each loop. Removal of the
conveyor loop from the magazine is facilitated by the 0.189-inch inside
diameters of the connecting pins,
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This is accomplished by opening of the magazine reloading access panel
and moving the telescopic guides aft with respect to the magazine. This
removes all conveyor guide features in the reloading access area.

A standard 0.188-inch-diameter quick release pin inserted through the
centers of the connecting pins of one conveyor element acts as a pin puller

breaking the conveyor loop at that point.

The entire' conveyor loop can now be removed from the system intact by
manual operation of the magazine.

2.3.8.2 WEAPON INTERFACE CONVEYOR

The primary function of the weapcn interface conveyor is to transport rounds,
upon weapon demand, from the magazine turnaround unit to the weapon turn-
around unit. In addition, the conveyor provides for the return of spent
cases and unfired rounds to the magazine for restowage. In each of these
instances, the conveyor is capable of performing these functions at a
maximum 6000 shots/minute rate.

The conveyor consists of a continuous series of articulated links, each of
which has been so designed as to cradle the round rather than grip it. The
individual links are connected by a series of locai protrusions positioned
on the external side walls of each link. These protrusions, when joined,
form an effective clevis-type arrangement through which a threaded stud

is inserted. This configuration permits the studs to act in double shear,
thus reducing the bending loads to an insignificant level. In addition, a
spherical bearing has been incorporated into each of these clevis arrange-
ments to permit sufficient flexibility as the conveyor undergoes fan, rolls,
and twists during its operational cycle.

Each link has been designed to insure control of the conveyor as it is
translated through the flexible chutes and turnaround units. This control
is accomplished by the addition of guide feet located at either end of the
link. These guide feet, when inserted into a mating set of guide tracks
and supported by guide fingers in each of the three units, guarantee both
vertical and lateral control of the conveyor.

The conveyor links are constructed from a high strength steel investment
casting. This casting design not only incorporates the previously mentioned
protrusions and guide feet but also provides three guides which effectively
support and control the rounds and cases. One guide engages the round
extractor groove while the other two cradle the cartridge neck and projectile
nose. The guide at the cartridge neck is oversize so that a complete round
is cradled at the extractor groove and at the projectile. The empty cases
are supported at the neck with the case swell due to firing partially com-
pensating for the clearance machined into the link.

In order that the rounds and cases may be smoothly transferred in the two
turnaround units, two re:tangular slots have been integrally cast in each
of the conveyor links. These slots permit the insertion of guide fingers
which insure a2 smooth insertion or extraction between the round and the
conveyor element.
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SECTION III

SYSTEM CHARACTERISTICS

3.1 POWER REQUIREMENTS

The estimated power required to drive the 25mm LLFS at 6000 SPM is 29.6 HP.
The predicted peak power necessary to accelerate to 6000 SPM in 0.4 seccnd

is 40.9 HP. The peak power figure is the sum of the steady state pover at
6000 SPM and power based on the product of the average torque associated

with system acceleration and rotational velocities at 6000 SPM. This

method of deriving power is judged to yield a reasonable peak value. However,

the actual peak power would be expected to occur at a firing rate less than
steady state.

The power estimates are based on a friction coefficient of 0.3 for the
ammunition aluminum cases in contact with the feed and storage system guides
and cams. A friction coefficient cf 0.2 has been used for all other surface
contact points. These friction coefficients are slightly higher than ex-
pected actual values. The larger values were used to compensate for some
of the losses due to dynamic loadings which were impractical to calculate
directly.

The majority of the steady state losses are due to friction generated by
centrifugal loads in sprocket areas and drag associated with the steady
state inertial loading. The power estimate in this report is based on an
l-g loading. Other steady state losses are due to round pitch expansion

and translation of rounds in the combining unit. The major loss in the
magazine is friction generated by centrifugal force at the guides around
the sprockets. Losses due to drag on round guides in the pitch expander
are about twice the power required to expand the round pitch. The power
necessary to handoff the rounds from the combining unit to the Weapon
Interface Unit is slightly more than the power necessary to combine the
rounds., Friction losses on the round guides consume the majority of the
power in the Weapon Interface Unit. A breakdown of the estimated power
requirements for each subsystem is given in Table 5 of this report.

The primary drive gear requirements and the gear capabilities are tabulated
in Table 6.

The maximum horsepower requirements for the system are based on the maximum
accelerating torques at rated system speeds. The steady state horsepower
requirements are based on constant rate operation of a fully loaded system.

The gear capabilities of the primary drive gears are predicated on the beam
bending strength with respect to maximum horsepower capacity and tooth
wear capacity with respect to steady state requirements, A minimum life
equivalent to a million rounds is maintained in the system. The remaining
gears in the system are sized to maintain compatible capabilities with the
primary drive components.




TABLE 5. SYSTEM POWER REQUIREMENTS

SUBSYSTEM STEADY STATE PEAK HP l
__ HP
Magazine 7.8 12,8
Combining Unit/Pitch 4,6 6.1
Expander
Weapon Interface Unit 10.0 11.6

Drive Train Losses

O Magazine at 65 percent 4,2 6.9
efficiency
® Combining Unit/Pitch 1.2 1.5

Expander at 80 percent

® Weapon Interface 1.¢ 2.0
Unit at 85 percent

Total System Power 29.6 40.9

TABLE 6. DRIVE TRAIN POWER CAPABILITY

! GEAR STEADY STATE GEAR-MESH
i CAPACITY PEAK HP HP LIFE-ROUNDS
]
Weapon Interface Drive 36 HP 13,65 11.8 > lO6 !
Primary Drive 43 HP 40.9 29.6 > lO6
Combining Unit/Inter- 36 HP 16.63/Mesh | 11.9/Mesh > lO6
face Unit Drive
Combining Unit Drive 39 HP 13.63/Mesh 8.9/Mesh > lO6
Combining Unit/Magazine | 30 HP 19.64 12.025 > 106
Drive
All primary drive shafts are capable of delivering in excess of 50 HP.
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3.2 RELOADING/UNLOADING

Reloading and unloading of the system is accomplished through utilization
of a reloading unit (AGE equipment). The reloading unit has a multiple
sprocket arrangement driven from the magazine spur gear located at

W.L. 98.152 and B.L. 11.669 and spans the width of both magazine bays
allowing loading or unloading of both bays simultaneously., Utilizetion
of this method attains minimum turnaround time.

The reloader unit contains the cams and guides required to remove and
insert rounds into the unfolded conveyor as it crosses the bottom of the
magazine. The lower round guides in the area of the reloading access port
cover are telescopic. This design allows for the individual removal of

four rounds in each magazine bay required for installation of the reloading
unit to the magazine.

Two separate ammunition belts are fed into the lower reloader feed throats;
the rounds are stripped from the links by the reloader sprocket arrangement
and are guided into the magazine conveyor elements. The links are ejected

at the lower portion of the reloader along with cases and dud rounds re-
moved from the magazine,

To initially load the system:

1. Lock weapon bolt in rear position.

2. Open magazine reloading access port cover.

3. Move telescopic round guides in the access port cover area
aft with respect to the magazine.

4. Attach reloader to magazine using quick release pins.

5. Insert two separate ammunition belts into the reloader feed
throats.

6. Operate system in reverse feed direction at approximately
150 to 200 SPM rate until a live round exits from each reloader
debris throat. All conveyor elements in the system will now
contain live rounds. (Operating the system in reverse feed
direction minimizes the number of live rounds prassing through
the weapon.)

7. Detach reloader from magazine.

8. Insert four rounds individually into the empty conveyor
elements in the reloading access area of each bay, moving
the telescopic guides forward as the rounds are inserted.

9. Close magazine reloading access port cover.

To reload the system:

1. Lock weapon bolt in rear position.

2, Open magazine reloading access port cover.

3. Operate system at approximately 50 to 100 SPM rate in reverse
feed direction until the last live rounds in the system are
positioned at the aft end of the telescopic guides in the
reloading access port area,

4. Move telescopic round guides aft, with respect to the
magazine, individually removing four empty cases or dud

rounds from each magazine bay,
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5. Attach reloader to magazine using quick release pins.

6. Insert two separate ammunition belts into the reloader
feed throats,

7. Operate system in reverse feed direction at approximately
150 to 200 SPM rate until a live round exits from each re-
loader debris throat. All conveyor elements in the system
will now contain live rounds. (Operating the system in
reverse feed direction minimizes the number of live rounds
passing through the weapon.)

8. Detach reloader from magazine.

9. Insert four rounds individually into the empty conveyor
elements in the reloading access area of each bay, moving
the telescopic guides forward as the rounds are inserted.

10. Close magazine reloading access port cover.

To unload the system:

1. Lock weapon bolt in rear position.

2. Open magazine reloading access port cover.

3. Move telescopic round guides aft, with respect to the -
magazine, individually removing four empty cases, dud 3
rounds, or live rounds from each magazine bay.

4. Attach reloader to magazine using quick release pins.

5. Operate system in forward feed direction at approximately
150 to 200 SPM rate until all empty cases, dud rounds, and
live rounds have exited from the reloader. The system
is completely unloaded at this point. (Operating the system
in forward feed direction minimizes the number of live
rounds passing tkrough the weapon.)

6. Detach reloader from magazine.

7. Close magazine reloading port cover,

3.3 WEIGHT

System component weight estimates listed in Tab'e 7 are based on the detail
and layout drawings developed during the program, The predicted system
weight of 486 pounds (less ammunition) exceeds the 373 pourids value stated
in the Emerson proposal, Report No. NB-4833-014-1.

3.4 RELIABILITY
3.4.1 MAGAZINE

The inherent reliability that existed in the originally proposed 25mm

magazine design was further enhanced by the following significant design
revisions:

a. Relocation of both upper and lower main magazine drive gear boxes to
the center web location, thereby eliminating unnecessary part redundancy
and minimizing shaft wind-up.

b. Replacement of all power transmission chains with minimum backlash gears
of greater capacity and utilizing a single rigid drive shaft to trans-
fer power from the upper magazine gear box to the lower magazine gear
box. Design of this shaft assures maximum torsional stiffness at a
minimum practical weight.
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TABLE 7. 25MM LLFS WEIGHT SUMMARY

TOTAL

SYSTEM (Less Ammunition)

WEIGHT (LB)
(486)

MAGAZ

INE ASSEMBLY
Structure

Gears

Sprocket Assemblies
Shafts

Bearings

Roller Chain

Push Rods

Conveyor

(333.5)
110.0
12.8
14,2
22.7

fsd

COMBI

NING UNIT/PITCH EXPANDER
Structure

Drive Components
Conveyor

Pitch Expander

Cams and Round Guides

® Miscellaneous

WEAPON INTERFACE UNIT

® Weapon Turn-around

® Magazine Turn-around

Conveyor

Flex Chute Assembly




Incorporation of internal gear/external shaft splines such that exact,
repeatable intra-bay and bay-to-bay conveyor timing is possible.

Introduction of special guide extrusions for carriers and carrier drive
chain which greatly influences magazine integrity and stiffness with
minimum weight penalty.

Addition of large, non-structural uccess openings on the forward and
aft faces of the magazine to aid in inspection and, if need be,
minor jam clearance,

With respect to overall magazine weight, the design and selection of
components within the upper and lower main magazine gear boxes and all
major sprocket drive shafts are conservatively designed since these
parts are generally the least accessible when the magazine is fully
assembled.

Elimination of periodic lubrication requirements within the magazine
and the main magazine drive train and gear box assemblies by the use
of sealed and permanently lubricated bearings, permanently lubricated
chain, and extreme pressure Jubricants within the upper and lower
magazine drive gear boxes.

Incorporation of reloading provisions concurrent with development of
the basic magazine design philosophy to preclude potential problems
and reduction of inherent reliability if this feature were added on
at a later date in the design cycle.

Continued use of hardened steel guides, originally developed during
the GAU-8/A program design phase and proven during subsequent testing,
which resist adverse wear for extended periods and are readily re-
placeable when required.

Optimization of carrier elements with respect to minimum weight com-
mensurate with required stiffness such that the round is completely
controlled and protected from damage during storage and movement to
the hand-off position. Equal control and protection is afforded
unfired rounds and spent cases returned from the gun.

Incorporation of aluminum bronze carrier belt connecting links which
allow the required belt flexibility and also serve as guide pins for
the carrier belt as it progresses through the magazine, thereby
eliminating the requirement for lubrication in this area. The com-
patibility of aluminum bronze with other materials aund ambient in-
service environments assure reliable performance of carrier belt
assembly.

Completion of an exact throat geometry analysis assuring minimum
practical carrier (round) accelerations and loads during each unfolding/
refolding process. The basic design philosophy employed for the
25mm magazine has “een demonstrated during GAU-7/A testing to be
adequate at the 3u O spm rate. The addition of carrier guidance par-
ticularly around the folding sprockets assures the reliable unfolding-
folding at each end of each vertical ammunition column and significantly
reduces the likelihood of jams and/or high power consumption when com~-
pared to the GAU-7/A magazine.
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3.4.2 PITCH EXPANDER/COMBINING UNIT

The pitch expander portion of the pitch expander/combining unit builds upon
the proven reliability of the GAU-8/A pitch expanders. Improvements which
increase the reliability of the established design include:

a, Autcmatic timing of the pitch expander/combining unit to the magazine
at installation.

b. Precise round pitch and velocity match with the magazine as to minimize
round acceleration/deceleration and adverse loading at the magazine-
pltch expander interface.

c. Precise round pitch and velocity match with the combining unit conveyor
assembly to assure a smooth flow throughout the combination sequence.

d. Full use of hardened steel guides to reliably maintain round control at
all times in all attitudes.

e. Conservative gear, cam, sprocket, and conveyor component design within
reasonable weight constraints to assure long reliable unit life.

f. Application of lubricated-for-life and self-lubricating components to
reduce or eliminate required routine maintenance tasks.

g. Increase of critical cross-sections principally in the area of the ex-
panding sprockets and sprocket guides such that stiffness, strength,
and consequently reliability are greatly enhanced at minimal weight
penalty.

TR e ~ gt g e

' h. Employment of precision minimum backlash gearing to assure smooth, re-
liable operation in either direction with an absolute minimum of lost
motion within the pitch expander and at the point of power transfer

to the magazine.

P

The combiner portion of the pitch expander/combining unit mechanically trans-
lates the outputs of two separate and distinct magazine bays and two sets

of expander sprockets into a single stream of ammunition moving in time |
with the weapon at weapon firing rate and capable of operation at this rate

in either direction, As such, this portion draws upon design experience

and test results gained from design, fabrication, and functional test

during an in-house research and development project. The reliability in-

herently available in this design is achievable due to:

a. Round control in which the round or spent case is completely cradled
and touched only locally by cover mounted rub strips,

b. Conservative derating of drive components within weight constraints such
that driving belt stretch is not sufficient to cause loss of system
timing.

c. Smooth translating cam paths which limit acceleration loads imposed on
the rounds to less than 15 percent of maximum.
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d. Design compatibility with the next interfacing unit (magazine turn-
around unit) such that round pitch and velocity between the two units
exactly match.

e. Use of lubricated-for-life or self-lubricating components to reduce or
eliminate required lubrication-type maintenance.

3.4.3 WEAPON INTERFACE UNIT

The magazine turnaround and weapon turnaround portions of the Weapon Inter-
face Unit like several other major assemblies in the 25mm Storage and Feed

System build upon design and operational experience gained from the GAU-8/A
Feed and Storage Subsystem program. Several additional features have been

incorporated in the design of these 25mm turnaround units which assure

high reliability throughout their useful life are enumerated below:

a. Precise round pitch and velocity match at the combiner interface (weapon
interface) round (spent case) transfer is smooth and without excessive
acceleration/deceleration.

b. Automatic timing of the magazine turnaround at installation with the
combiner.

c. Conservatism in the design of all gears, cams, sprockets, and conveyor
components within reasonable weight constraints.

d. Use of self-lubricating or lubricated-for-life components to reduce or
eliminate required routine maintenance.

e. Full use of hardened steel guides to reliably maintain round control
during transfer, pitch expansion, and insertion into the conveyor
assembly.

f. Use of precision minimum backlash gearing to assure smooth reliable
operation in either direction with an absolute minimum of lost motion.

g. Incorporation of internal gear/external shaft splines such that exact
sprocket-to-sprocket and sprocket-to-conveyor timing is possible.

The remaining portions of the Weapon Interface Unit, namely the flexible
chutes and conveyor elements, are essentially identical to components used
successfully on the GAU-8/A Feed and Storage Subsystem design., As such, the
reliability of these items can be estimated with a fair degree of confidence.
Application differences which mitigate established reliability numbers are
enumerated with the items.

Flexible Feed and Return Chutes:

a. Round control in conjunction with the conveyor element is such that the
round is subject to minimal rubbing contact within the chute. In this
manner the chutes are in identical applications with the GAU-8/A.

b. Reliability is enhanced by the fact that in the 25mm application the
chutes are essentially straight and subject to little flexing. Previous
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C.

applications in this area demonstrate adequacy in the area of weapon
interface as regards shock loading and acoustic vibration. Failure
rate of less than ten stoppages per million rounds passed is expected.

Useful chute life is expected to be 50,000 rounds passed minimum,

Conveyor Elements:

a,

b.

Round control in conjunction with the flexible feed chutes is adequate
for the application.

Reliability of the conveyor element is increased above that demonstrated
during GAU-8/A testing due to straight direct runs of the flexible
chuting and the incorporation of articulation capability within the
link itself eliminating the requirement for additional pieces. Failure
rates of less than three stoppages per million rounds transported is
expected,

Useful conveyor element life is expected to be 100,000 - 150,000 rounds
minimum,

3.5 MAINTAINABILITY

In view of the increased emphasis on minimal life-cycle costs and the impact
of both preventive and corrective maintenance of any item on the total system
cost to maintain, certain items and design features have been incorporated

to make the 25mm Linear Linkless Feed System (LLFS) more reliable and thus
greatly reduce its required scheduled maintenance. An added benefit is
increased subsystem availability with consequently greater mission dispatch
potential. Examples of reduced maintenance requirements as a result of

good, design practice are enumerated below:

a.

Extensive use of permanently lubricated bearings, chain, and other
components eliminates the requirement for periodic scheduled flight
line or organizational maintenance for subsystem lubrication.

Conservative components selection/design eliminates many preventative
maintenance part removal/replacement procedures. For example, where-
ever possible, bearings were selected so that nominal expected life is
200 hours or approximately 7.5 million rounds.

Extensive use of internal gear and sprocket external shaft splines to
allow establishment of exact system timing at initial assembly also
provides for relatively simple and straightforward reassembly in the
timed state after field maintenance.

Time required for subsystem installation is greaily reduced due to the
incorporation of Go/No-Go features at each interface. In short, if the
interface is accomplished, no time is spent in performing timing veri-
fication procedures. This feature achieves great importance when
viewed in the area of normal airframe clearances, system orientation,
and placement which could very well preclude visual as well as manual
access in order to assure a timed condition at assembly.




Considering the above major features of the 25mm LLFS, the following
preliminary maintenance concept is:

1. No daily preventive maintenance other than that directly associated
with load/download procedures. Normal accomplishment of loading or
downloading procedure would assure operational availability of the
subsystem.

“

=. Scheduled preventive maintenance tasks to be performed by organizational
level personnel and frequency of performance are as follows:

a. Magazine -

Every 15,000 rounds - Thorough inspection utilizing minimal
tooling to verify operational availability,

Every 30,000 rounds - Normal 15,000-round inspection plus replace-
ment of carrier belt connecting links,

b. Pitch Expander/Combining Unit - Every 25,000 rounds - thorough {3
inspection utilizing minimal tooling to verify operational ]
availability,

Every 50,000 rounds - Normal 25,000-round inspection plus partial
disassembly to inspect all cam and guide surfaces, round carriers,
and conveyor chain elements.

¢. Weapon Interface Unit - Every 25,000 rounds - thorough inspection
utilizing minimal tooling to verify operational availability.

| Some disassembly is required to allow complete inspection of

A flexible feed chute frames and conveyor elements,

; Every 50,000 rounds - Normal 25,000~-round inspection plus normal
] chute frame and/or conveyor element replacement as required.

3. Scheduled preventive maintenance tasis to be performed at the inter-
mediate level and their frequencies are:

a. Magazine - Every 60,000 rounds - partial teardown and thorough

i interior inspection excluding center web gear boxes. At this level
the carrier connecting links are replaced and carrier lifting tubes
and chain are repaired or replaced 2s required. Guide surfaces

are replaced as required.

b. Pitch Expander/Combining Unit - Every 100,000 rounds - complete |

teardown and thorough inspection replace conveyor parts, guide [}
surfaces.

c¢. 'Weapon Interface Unit - Every 100,000 rounds - replace all flexible
feed chutes and all conveyor elements. Guide and cam surfaces are
. replaced as required,

4. Scheduled preventive maintenance tasks to be performed at the depot level
are undefined at this time subject to the results of a cost-effect study
which is beyond the scope of the present 25mm LLFS contract.
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APPENDIX A

MAGAZINE THROAT GEOMETRY
The program was developed to determine individual round position, velocity,
and acceleration, thereby providing an evaluation of the design geometry.

The inputs to the program are the following:

L1 - Round center-to-center distance, equivalent to folding sprocket
pitch radius.

L2 - Folding sprocket center to chain drive center distance (Y - direc-
tion).

H1l - Distance from folding sprocket center to round center when on the
vertical inboard track (x - direction).

H2 - Distance from folding sprocket center to round center when on the
vertical outboard “rack (x - direction).

Rl - Radius of major inner track transition element of folding throat
(i.e., folding sprocket to inner vertical).

R2 - Radius »f outer track transition element of folding throat.
. TA - Timing angle difference between folding sprocket and drive chain
sprocket (i.e., position of drive chain pin for next round

engagement when round on foiding sprocket is at 180°),

] R3 - Used in alternate inner throat geometry, transition from folding
' sprocket to straight line element.

R4 - Used in alternate inner throat geometry, transition from straight
line element to inner vertical track.

M - Used in alternate inner throat geometry, slope of straight line
element.
B - Used in alternate inner throat geometry, projected intercept of

straight line element in y-axis.

Start Ang. - Round 1 position on folding sprocket at start of calcula-
tion, typically 180°,

Stop Ang. - Round 1 position where calculations are to cease. i

Calc Interval - Increment in degrees of the folding sprocket whgre
position data are to be calculated, typically 1.

. RPM - Revolutions per minute of the folding sprocket.

Print Ianterval - Interval for printing results, typically 50.
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The initial part of the program generates all releva-.t geometry data such
as radii centers, intersection, and tangency points.

Position of each round is then calculated and utilized in the solution of

velocity and acceleration equations. The three-point central difference
formula is used for the differentiation,

Except for one round in the folding guide area, either round 5 or round 6,
all rounds are assumed to follow the defined geometry. The position of the
free round (i.e., round 5 or 6) is calculated based on the position on

its adjacent rounds. This position can then be compared to the throat
geometry to evaluate the adequacy of the design.




tOE DM

20FREEIN

30C

40 REAL L1,L2,M

S0 INTEGER PR

60 DUUBLE PRECISIUN POSXsPUSY»DT

70 DIMENSIUN VELXC(8),VELY(8),ACCAC8),»ACCY(8)

80 CuMMUN P@SK(B:‘I/I):PUSY(S:'I/I):LI:L2:PT(506):Hl:H2:Rl:R2:PI:RIX:RIY

’
90& R2X»R2Y,AQORST
100&,WsR4X,RAYSRAR3IXS>RIYSIR3I» M B

110 TYPE 1000

120 1000 FURMATC® ENTER: L1,L25H1,H2,R1,R2,TA'/)
130 ACCEPT »L1sL2,H1,H2sK1,K2,TA

140 TYPE 4000

150 4000 FURMATC® ENTER: R3sR4,MsB's/)

160 ACCEPT»R3,R4,MsB

170 TYPE 1020

180 1020 FORMATC' ENTER: START ANG»STOP ANGs»CALC INTERVALCDEG) »
190&RPIMPRINT INTERVAL'/)

200 ACCEPRT »AUs»AFs,DELs»RPMsPR

210 TYPE 1090

220 1040 FORMATC/77)

230 1050 F@HMAT(2K1'RND':6K1'X-PGS':SX:'Y°PQS'15X:'X‘VEL':SX:'Y'VEL':
240& SX»'X=-ACC'»SX»'Y-ACC")

250 PI=3.14159265

260 RPD=0.0174533

270C

28 00 % ¥ kkk k SET LIMITS & DELTAS

290C

300 W=2 %Pl *RPM/60 .

310 N=CAU=-AF) /DEL

320 AOR=CAQ+DEL*2 .)%*RPD

330 DT=DEL/C6 xkIFM)

340 T=DT*(=2.,)

350C

36 0C %k sk kg k GEOMETRY DEFINITION - R1 &R?2 CENTERS
370C

380 RI1X=R1+H1

390 RIY=-SOURTCCLI+RI) *x*2=-R1X%%2)

400 R2X=H2-R2

410 R2Y==SQRTC((K2=-L1)**%2=R2X%%2)

420 TYFESRIX»R1YSR2X2K2Y

430C

44 0C % %% ¥k k R1 & R2 TANGENCY POINTS

450C

460 TH1X=H1

470 TH1Y=R1Y

480 TPY1=R1Y=-CRIY*R1) ZCRI+L1)

490 TPX1=RI1X=-CR1*RI1X)/CRI1+L1)

500 X=ABSC(TPY1/TPX1)

S10 ATPY1=ATANC(X)

520 TH2X=H2

530 TH2Y=R2Y

540 TPX2=ABSC(R2X*(R2+L1) /R2) ~ABS(R2X)

550 TPY2=ABSC(R2Y*(K2+L1) /R2) -ABS(R2Y)

560 ATPY2=ATANCTPY2/TPX2)




570 PT(1,1)=TPX1

580 PT(1.,2)=TPYI

SOOCHk kR Rk kk k% K3 TANGENCY PRINIS
600 R3H1X=H1

620 R3X=H1+R3

630 R3H3X=R3X~R3*%COS(PI /72.-ATANC(M))

640 R3H3Y=M*R3H3X+H

650 R3Y==-R3*SQRT(M%x*2+1) +MkR3X+B

655 IK3H1Y=R3Y

660 PT(S5,1)=R3H1X

670 PT(5,2)=R3H1Y

680 PTC(4s51)=R3H3X

690 PT(4,2) =R3H3Y

695 TYPESR3X»R3Y

TOOC % 2k 2 ok ok o o 3 ok o H3' = // TO H3 PERPDs DIST.
710 ANG=FI /72 « =ATAN(M)

720 E=RA4/SINCANG)

T3 0C % %%k 3k ok k% INTERSECTION @F CIR(R1-R4) WI1H H3°®
740C GIVES CENTER FUR R4

750 AA=R1X=~(R1Y-B) /M

760 ALPHA=ASINCCAA/R1)*SINCATANC(M)))

770 BETA=PI-CALPHA+ATAN(M))

780 RAX=R1X-(R1-R4A)*CUS(BETA)

790 RAY=R1Y+(R1-R4)*SINC(BETA)

795 TYPEsRAX,RAY

BOOC* ¥k k ok R4 TANGENT TO H3

810 B4=RAX/M+R4Y

820 R4H3X=(B4-B) /(M+1./M)

830 R4H3Y=M%xR4H3X+B

840 PT(3,1)=R4H3X

850 PT(3,2)=RaH3Y

86 OC % k% %k %k %k RA TANGENT T@ RI1

870 ALPHA=ATAN(ABS(R4Y—R1Y)/ABS(Ra&-RlX))

890 R4AR1X=R4X~-R4*COSCALPHA)

900 RAR1Y=RAY+R4*SINCALPHA)

910 PT(2,1)=R4RI1X

920 PT(2,2) =R4R1Y

921 D@ S 1=1,5

922 TYPES»I1»PTC(Is1)sPTC(1,2)

924 S5 CONTINUE

930C

9 40C k% ¥k k% POSITION LIMITS ON R2 CORRESPUONDING T@
950C POSITIUNS UN SPKTsR1,R4sH3,R3,& H1
960 DO 800 I=1.5

970 D=SORTCCPTC(I21) ~R2X)*%x2+(PT(I»2)-R2Y)*%2)
9B0 S=0.5%(L1+D+R2)

990 R=SARTC(CC(S=L1)*(S-D)*(S=-R2))/S)

1000 ALPHA=2 «*xATANC(R/ZC(S=-L1))

1002 BETA=ATAN(ABS(PT(lo2)-R2Y)/ABS(PT(l;l)-R2X))
1004 GAMMA=ALPHA+BETA

1006 PTC1,6)=R2Y+R2%SI N( GAMMA)

1008 PT(1,5)=R2X+R2%*C0S( GAMMA)

1010 GAMMA=BETA-ALPHA

1012 PTC1,4)=R2Y+R2*S1 NC GAMMA)

1014 PTC(I5,3) =R2X+R2*C0OS(GAMMA)

1016 IF (PTCI,4).GT.R2Y) GOTO 790
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1018 POSXCI=1,1)=PTCLs 1)

1020 PuSYCI=1,1)=Pi(l,2)

1022 CALL FLATC(2,1-1513

1024 PlCIs3)=POSACL»1)

1026 PTCL»4)=PuBsSYCI»1)

1030 790 TYPE:I:P'[(I:3):PT(134):P1(l:5)oP1(l:6)
1070 800 CONTINUE

109 OC % %k ok ok ok ok %k % FLSTITION CALCULATI UNS
1100C

1110 b 10 I=-1,1

1120 DU 10 Jd=1,8

1130 PUSX(Jdsl) =\

1140 PUSY(Jsl)=1

1150 10 CuNTINUE

1160 DO S00 I=11,N+D

1170 T=T+DT

1180 ACR=ALR=-DEL*RFD

1 19 00 % %ok % ok ok ok ok % DATA SHIFT LEFT
1200 D8 20 J=1,8

1210 POSKCJs»=1)=POSXCJs0)

1220 PUbY(J:-I)=P0$Y(J:0)

1230 PESK(J:O)=PBSK(J:I)

124U PwSY(J:O)=PwSY(J:I)

1250 20 COUNTINUE

126 Q0 %k 5k ok o %k %k % REUND 1
1270 CALL ONSPKTC1)
128 00 % % % ok 4 ok ok ok %k RoOUND 7

1290 PUSXCT7s1)=H1
1300 P®57(7:l)=L2-O-S*Ll-(3-*LI*(TA/ISO-*PI-AﬁR)#O.S)/Pl
13 10C % %% % %kx% Rounp 2
1320 IFCAUR=PI /3 «=ATFY2) 40530, 30
1330 30 CALL UNSPKT(2)
1340 Gu 10 S0
1350 40 CALL QUTFR(1,2)
136 00 % % %k ok ok % KOUND 3
1370 S50 IFCAUR=-2 «*P1 /3 .+ATFY 1) 70560560
1380 60 CALL UNSFKT(3) -
1390 GO TY 80
1400 70 CALL INNERC2,3)
141 00 % 5 sk ok ok ok ok o o ok ok ok KOUND 8
1420 80 POSX(8,1)=H2
1425 P@SY(B:I)=P@SY(7:1)-0.5*Ll

143 00 o %k ok ok ok ok o ok KQUND 4
1440 CALL QUTER(3,4)

145 OC o # sk ok ok ok % ROUND S

1460 CALL INNERC4,5)

147 OC o ok ok ok ok ok ok ok ok ok ROUND 6

1480 CALL FROTR(6)

1490 1090 FOKMATC/)

1500C

15 1 OC o %k ok ok e ok ok ok ok ok ok sk ok ok VEL,»ACCELs & FRINT L@GIC
1520C

1530 IFCI=-2) 400,300,250

1540 250 IFCl sEQeN+2) GO TO 300

1550 IF(MMeNE o -R) Ge To 400

156 0C

5T

T




1S TOC #2033 0 2 o ok ook ook ROUNDS 1 THRU 8 NUMERICAL SULUTION
1580C 3 PUINT CENTRAL DIFFERENCE FORMULA & PRINI
1590 300 TDT=T-DT

1600 MM=0

1610 AS=ABR/RPU+DEL

1620 TYPE 1070,AS,TDT

1630 1070 F@RMATC(/* SPRUCKET REFERENCE ANGLECDEG)» = *,F9.4,
16 404" SECONDS = *»F9.6)

1650 TYPE 1050

1660 DY 350 J=1,8

1670 VELK(J)z(PQSK(J:l)‘PUSK(JJ‘I))/(E*DT)

1680 VELY(J)=(PBSY(J:l)'PWSY(J:'l))/(Q*DT)

1690 ACCX(J)=(P@SK(J:l)‘Q*PﬂSK(JJO)*PQSX(JJ'l))/(DT**Q)
1700 ACCY(J)=(PQSY(J:l)‘Q*PQSY(J:O)*PGSY(J:-I))/(DT**Q)
1710 TYPE IOBO:J:PQSK(J:O):P@SY(JJO)wVELX(J):VELY(J):ACCX(J):ACCY(J)
1720 1080 FQRMAT(3K11112K16F1003)

1730 350 CONTINUE

1740 400 MM=MM+ 1

1750 S00 CONTINUE

1760 TYPE 1040

1770 END

1780 SUBROUTINE ONSPKTC(N)

1790 DOUBLE PRECISION POSXs POSYSDT

1800 REAL L1,L2,M

1810 C2MMON PBSK(BJ‘III):PUSY(BJ'I/I)JLIJLQJPT(5:6):
1820« HIJHQ:RI1R2:PlJRIK&RIY:RQK:RQY:A@R:]
lBSO&:W:RdX:RAYJR4:R3KJRSY:R3:M:B

1840 GO TV(10,20,30)»N

1850 10 A=AQK

1860 GO Tg 40

1B70 20 A=AQR-PI/3

1880 GO TO 40

1890 30 A=AQR-2%Pl/3

1900 40 POSXCNs» 1) =L1%COSCA)

1910 POSYC(N» 1) =L1%SINCA)

1920 RETURN

1930 END

1940 SUBRQUTINE INNERCI»J)

1950 DQUBLE PRECISI@ON POSX»POSY,DT

1960 REAL L1sL2,M

1970 COMMON PBSX(S:-III):PQSY(B:-III)}LIJLQJPT(S:6):
19804 HI:HQ:RIJRQ:PIJRIX:RIY:RQK:RQ(:A@R:T:W:RQKJR4Y:R4:R3KJR371R31M:B
1990 IFCI«LT.J) GOQTO 100

2000 IFCPOSYCI 1) eGE«PTC(224)) 6GO@TY 110

2010 IFCPOSYCL 1) «GT «PTC354)) GYTY 140

2020 IF(PﬂSY(l:l)oGE-PT(4:4)) GUTY 130

2030 IFCPOSYCI 1) eGToPTCS»4)) GOTY 120

2040 CALL FLATC1,1,0)

2050 RETURN

2060 100 IF(PBSY(I:I)oGEoPT(2:6)) GeL1e 110

2070 1F(PBSY(I)]).GT0PT(3:6)) GOTY 140

2080 IF(PQSY(I:I’-GE-PT(4:6)) GeT@ 130

2090 lF(P@SY(lJ])oGTOPT(SJ6)) GOTY 120

2100 CALL FLATC151,)

2110 RETURN

2120 110 RX=RI1X
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2130 RY=R1Y

2140 RR=R1

2150 GuUTY 200

2160 140 RY=RaY

2170 RX=RAaX

2180 RR=F4

2190 GOTY 200

2200 120 RY=R3Y

2210 RX=R3X

2220 RR=R3

2230 GOTO 200

2240 130 YA=1/CM*%2)+1

2250 YB=-2%(B/(M**x2) +P@SX(1,1) /M+PRBSY(I» 1))

2260 YC=(B**2) /(M*x*2) +2%B*POSX(15 1) /M+POSXC1,s 1) %%24P@SY( 1 |) %%2
22708 -L1%%2 .

2280 Y1=(-YB+SQRTCYB**2-4%xYA*%YC)) /7(2%YA)

2290 Y2=(-YB=-SQRT(YB**2-4%xYA%Y(C)) /(2%YA)

2300 IFCI«GTJ)GOTY 170

2310 IFC(Y1+GT.Y2) GOTO 160

2320 PESYCJs1)=Y1

2330 GaTe 190

2340 160 POSYCJr1)=Y2

2350 G@TY 190

2360 170 IFCY1.LT.Y2) GOTQ 180

2370 POSY(Js1)=Y2

2380 G@T® 190

2390 180 P@SY(Js1)=Y1

2400 190 POSXCJs1)=CPASYC(Jsr1)-B) /M

2410 RETURN

2420 200 CONTINUE

2430 D=SQRTCC(POSX(1s1)=RX)**%2+(PASYCI, 1) -RY) %%2)
2440 S=0.5%CL1+RR+D)

2450 R=SURTCCC(S=-L1)*(S=RRI*C(S5=D)) /S)

2460 ALPHA=2 «*ATANCR/ZCS-L1))

2470 IFCl«GTeJ) GY TO 10

2480 BETA=ATANCABS((RA=P@SXC151)) ZCPOSYC(11)=RY)))
2485 IFC(POSYCI51) «LT+PTC4562) BETA=ATANCABSCPOSY(I» 1. =RY) /
2486& ABSC(POSXC151)=-RX))

2490 GAMMA=Pl1/2.-ALPHA-BETA

2495 IFC(PRSYCL,1) «LT«PTC456)) GAMMA=PI -ALPHA-BETA
2500 GV T@ 50 ;

2510 10 IFCFPOSYCL1s1)sLE«KY) GJ T@ 20

2520 BETA=ATAN{ABSCCPUSYC(I:+1) -RY) /CRX=POSXC1»1))))
2530 GAMMA=ALPHA+BETA

2540 GP T9 50

2550 20 BETA=ATANCABSC(C(RY-POSYC(I,1)) /CRX=-POSXC151))))
2560 GAMMA=ALPHA-BETA

2570 GV Te SO

2580 S0 PUSX(Js1)=RX-RR*CQOS(GAMMA)

2590 POSYCJ» 1) =RY+RR*SINCGAMMA)

2600 RETURN

2610 END

2¢20 SUBKRQUTINE QUTERCI»J)

2630 DYUBLE PRECISI@N POSX,»POSY»DT

2640 REAL L1,L2sM

2650 CuMMUN POSXC82=1/1)2FOSY(8s=-171) 2L 12L2sPT(5,6)




26604 HlpHZ:Rl;RZ;PXoRanRIY;RZX;RQYﬁAQRnTanR4KanY;RanGXnRGYﬂRaanB
2670 D'SQRT((PQSX(Inl)-RZX)**Q*(PGSY(InI)'R2Y)**2)

2680 S=0.5%(L1+D+K2)

2690 R'SQRT(((S'LI)*(S‘D)*(S'RZ))/S)

2700 ALPHA=Z2 . ATANCR/C(S~=L1))

2710 IFC1.GT«J) GO TG 10

2720 BETAZATAN((RZY'PGSY(X’l))/(RQK—PUSX(I:I)))

2730 GAMMA=BETA~ALPHA

2740 GO T 50

2750 10 IFCPOSYCI»1) «LER2Y) G0 Te20 A

2760 BETA= ATAN((RZY'PGSY(Inl))/(RQK-PQSX(IJl)))

2770 GAMMA=BETA+ALPHA

2780 GO TQ 50

2790 20 BETA=ATAN(ABS((PGSY(11l)'RQY)/(RQK'PQSK(IJl))))
2800 GAMMA=ALPHA-BETA

2810 50 PQSX(J;I)SRQK*RZ*CQS(GAMMA)

2820 POSYC(Js 1) =R2Y+R2%SI NC GAMMA)

2830 IFC(POSYC(JUs1) «LT.R2Y) CALL FLAT(2,1,0)

2840 RETURN

2850 END

2860 SUBROQUTINE FROTRC(N)

2870 DOUBLE PRECISI@N PUSXsPOSY»DT

2880 REAL L1,L2,M

2890 COMMON PGSK(G;'I/I);PGSY(B;'l/l);leLQvPT(Sn6)n
2900& HinHQan:RQ;PI1RIK;RIY:R2XJRQYnAURnT;WnRQKanY:RQnRSK;RSY;RG!M;B
2910 D‘S@RT((PQSK(N’Inl)'PGSK(N-Inl))**E*(POSY(N+lnI)'PUSY(N'lnl)
2920& )Y*x2)

2930 IF(ABS(PQSX(N*IlI)‘PUSK(N'I:l))-GToO-OUUI) GO TO 10
2940 ALPHA=Pl/2

2950 GO Te 20

2960 10 ALPHA=ATAN((PQSY(N*I’I)'PUSY(N'I’I))/

2970& (POSXCN+1,1)-PUSX(N=-151)))

2980 20 BETA=ACBSC(0.5%D) /L 1)

2990 GAMMA=ABSCALPHA) -ABSC(BETA)

3000 PQSX(NDI)=P05K(N’10l)fLI*CUS(GAMMA)

3010 PGSY(Nvl)=P0$Y(N’Ivl)*Ll*SIN(GAMMA)

3020 RETURN

3030 END

3040 SUBROGUTINE FLATCKsI»J)

3050 DOUBLE PRECISION POSX»PUSYsDT

3060 REAL L1,L2,M

3070 COMMON PBSX(B:'E/I)nPQSY(Bv'l/I)vLleEJPT(SJ6):
30804 Hl!HanRInRQ;PInRIX;RIYnRQh:RQY:AUR:T:W0R4X1R4Y1R43R3K1R3Y1331MnB
3090 PUSXC(Js1)=H1

3100 IFC(KEQe2) POSXCJ»s1)=H2

3102 GAMMA=ACUS((PUSK(IDl)'PUSK(J;l))/LI)

3104 PUSY(J}|)=P05Y(lnI)*LI*SIN(GAMMA)

3106 IFCI «GTeJ) RETURN

3108 PGSY(Jnl)=PQSY(InI)'LI*SIN(GAMMA)

3120 RETURN

3130 END




APPENDIX B

PITCH EXPANDER TIMING RELATIONSHIP

UPPER EXPANDER SPROCKET

COMBINING CONVEYOR
SPROCKET

LOWER EXPANDER SPROCKET

Angular interval between horizontal centerline of combining conveyor
sprocket and point of round transfer (degrees)

Angular interval between the two round transfer points (degrees)

Distance between the centerlines of the upper and lower expander
sprockets (inches)

Number of equivalent carriers existent over the A2 angular interval

Number of carriers existent over the A3 angular interval
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Number of magazine carrier elements that exist between the upper
and lower expander sprockets

Magazine conveyor round pitch (inches)

Radial distance between the round pitch line and the center of
rotation of the combining conveyor sprocket (inches)

Radial distance between the round pitch line at the handoff and the
center of rotation of the expander sprocket (inches)

Angular velocity of the expander sprocket (radians/second)

Angular velocity of the combining conveyor sprocket (radians/second)

GIVEN:

Pl = 1.875 inches

)

By

wl = 78,539 radians/secoud

¥,

1.866 inches

2.488 inches

104.720 radians/second
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LET A3=CA2=-A1) /720
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B1=L/7(2%(x2+i3+.024))
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HK1=AT N1 7B2)

A2= 6.28318~2%A1

A3= 3.14159-A1

N =A2%3/6 25318

N3= A3*4/76.283148
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FE1=0vS=-N9g
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'.l)l." llLll
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IF AbSCD1Y <= 0001 THEN 700
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ko NL
N Ul L
Hetr i Henbdhie b =0 T2
GQets 41y Del8LST E=~3 720375
Mol aHY 150044 b=~3 Te2CTS
e 43KP Oe¥9 % 1Y Te211¢5
fHedi ] 4, Uey94130 Te?2 15
Qe 404D Ced9(as1 T¢21875
4eR3KTA CGeYBHTOA 12225
GQeB3707 GeYB30TS 122625
45 3D30 Ge9 10084 Te23
483369 Qe 75691 723375
40832 Ve 71997 72375
4en303 Uev6083 Te24125
Qi b LUevhabli? Te245
4etsZhY Oe760901 V24875
A.85252 Cev¥57199 172525
4e235 Ge953495 Te25625
A2 17 OeQ49 749 Te26
4082008 Ue946051 1263715
Lo 16837 Oevar3i 72675
Qet51666A UeYUBHSY Te27125

63




APPENDIX C

v COMBINER MECHANISM CAM TRACK PROFILE |

This program was formulated to determine a cam track profile that would be
suitable for use in the combiner mechanism. Definition of this profile was
based upon the following design requirements:

(a) Each round carrier shall undergo a transverse movement of 5.734
inches in 13.40 inches of conveyor belt travel.

(b) Cam angles between the carrier cam followers and its track shall
be limited to a maximum of 30°,

(c) The profile shall be configured so as to minimize round carrier
accelerations,

i Based upon previous calculations, it was established that an optimum
solution was achieved when the program utilized the following design
parameters,

(a) From 0.00 to 3,237 inches the shape of the cam path is derived 4
from an acceleration function which is equivalent to Kl(l-COS(ZKzL))

(b) From 3.237 t0010.163 inches the cam vath is a linear function with
a slope of 30" .

(c) From 10.163 to 13.400 inches, once again the path is derived from
the acceleration function Kl(l-COS(ZKzL))

Since the derived profile is symmetrical about the midway point of its |
longitudinal travel, the program has only computed the first half of the i
curve and its associated velocities and accelerations. The inputs to the 9
computer program are the following:

Kl

A derived constant which influences the magnitude of acceleration.

K2 = A derived constant which influences the interval in which
acceleration occurs.

»
5
-t

[}

Carrier transport rate (shots/minute)

. Pl = Round carrier pitch (inches)

6l




PKINT
PRINT'"CANC2"
PRINT
KEAD P1s, Nls L1s Kls, K2
LET v0=0
LET V1=P1%N1/60
LET
LET
LET
LET
LET
LET
LET
PKINT''TIME", *DIST L", "ACCEL S$",» *'VEL S', *DIST 3
FRINT'SEC"» "IN, "“IN/SEC2', "IN/SEC*» "IN"
FRINT"FEAK ACCEL"
PRINT"IN/SEC2~S"
IF L>=3.2372 THEN 180
LET A3= KI1*%C1=-CUSC2%xK2+L))
Gk Tw 250
LET A3=0
LET KS=2
LET A2=CA3+Al) /2
LET A8=A2
LET v2= vOo+A2xT1
LET S1= S+((vO+v2)xT1)/2
LET SS= (vO+v2)*T1/2
IF KS=1 THEN 275
IF A1=0 THEN 287
LET X1=CA3-A1)/ABSCA3-A1)
IF X1>=0 THEN 285
LET A7=A1
G Te 300
LET A7=A3
Gb T 300
LET A7=0
LET vo=v2
LET Al1=A3
LET S= 351
LET T= T+TI
LET N= N+)
LET L= Le+L1
IF L>=6+7 THEN 430
IF N>= S THEN 430
GO TO 150
Lo SUB 500
IF L>=6+7 THEN 900
GO0 Ty 150
PRINT Ts» Ls A8s» VO, S
PRINT A7
LET N=}
RETURN
DATA 2.0, 6000, .05, 7040.599S, .9704
END




CAMC2

T1ME
SEC

PEAK ACCEL
IN/SEC2-5S
FLOATING DIVIDE CHECK FhuM LINE 275

0001
296247
0.002
1562 <84
0.003
3644.44
0.004
6231.34
0.005
8938 .65
0.006
11363 .6
0.007
13145.3
0.008%
14018 .7
0009
13993 8
0.01
13057 8
0.011
11226 .6
0.012
8772 .57
0.013
6060.84
0.014
3494 .89
0.015
1456 .49
0.016
248 .92 4
0.017

0

0.018

0

0.019

0

0.02

0

0.021

0

0.022

0

0.023

0

0.024

0

DIST L
In

0.2

24
2.6

28

ACCEL 5
IN/SECEZ

2144215
1361 .45
3353 .66
SE94.43
8605 74
1108 4.2
12961
1395649
13923 o8
12666 « 6
109 42 +5
84379
5725 «39
3208 +57
1261 .89
175« 008

0

o o

© O (=] (=] o
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VEL §
IN/SEC

783578 E-2

0934854
e 546
81398521
1595897
26171
384947
521549
661736
79 «5126
912348
100.644
107387
111598
113.443
11395
113967
113967
113967
113.967
113967
113967
113.967

113.967

DIST S
IN

170308
4240497
247712
821107
2.01931
410872
7.328 41
O«118541
0177718
0250653
0.336185
0.432324
2536551
0646192
0«756813
O.872554
0.986549
1.10052
1.21448
132845
1.44242
155638
167035

178432

E-3

Bt

E-2

E=i2
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0.026
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67

67

113.967
113.967
113.967
113.967
113.967
113.967
113.967
113.967
113967

113967

1.689825
2.01225
2412622
224019
2435415
2.46812
258209
2469605
2.81002

2867




APPENDIX D

POWER ANALYSIS

1. TYPICAL HORSEPOWER CALCULATION FOR STRAIGHT CONVEYOR SECTION .
(AMMUNITION ON BOTTOM SIDE OF CONVEYOR)

RS
o ]
i
|
Round Balance |
ZFH =0 ?
= ' i = |
P2+uRl R2 cos O+uR2 sin 0 0
IF =0
v
- i ' =
Pl Rl + R2 sin O + u R2 cos 0 0
IM =90
= ' »-
URl H R2
— —-— :0
Pl .992 P2 =1.290 u=.,3 ¢ 5 .
'_ = =
u .269 Rl 1.642 R2 1.831
68

S




LINK BALANCE

ZFh =0

# o = ' 0_ =
% R2 cos 5 + P4 + uR3 u R2 sin 5 R5 0

) s CRER ' o o - =
P3 R2 sin 5 u R2 U cos 5 R2 R3 R4 0

IM = 0
{ R, - -9R, - .821 'R, = 0
! Py=.527 P = .63
} R, = 2.05 R, = 2,17 R = 3,12
HP = R, v,
6600

Where VB is belt velocity in inches/second

HP/Link = 3.12 x 200 = 0.095 gp
6600

2. TYPICAL SPROCKET HANDOFF POWER CALCULATION




Where: W is the sprocket rotational speed in radians/second

ch is the radius to the round center of gravity in inches
Wr is the weight of a round in 1b and g = 386 inches/second2

W= 1500 x 27 = 157,08 radians/second
60

R = 1.5 inches
cg

W_ = 0.992 1b,
r

F_ = (157.08) x 1.5 x .992 = 95 1b,
386

Drive Torque/Round = Ts
TS = uRch

Where: R.8 is the radius of the guide

U 1s the coefficient of friction between the round and gulde Rg = 2,32 y=.,3

Ts = .3x2.32 x 95 = 66,12 in-1b/round

HP/RD = Ts x RPM/63000

HP/RD = 66.12 x 1500./63000 = 1,57 HP/RD in a four-cavity sprocket




3. MAGAZINE POWER REQUIREMENTS

STEADY HP TO
STATE HP ACCELERATION

AMMUNITION AND CONVEYOR
® FOLDED ROUNDS (243)
® UNFOLDED ROUNDS (30)
® ROUNDS ON SPROCKETS (36)

® ROUNDS IN SPROCKET
TRANSITION AREA (14)

CHAIN AND PUSH RODS 0.04

—————

TOTAL MAGAZINE POWER 7.77

1 —

4. PITCH EXPANDER/COMBINING UNIT POWER REQUIREMENTS

STEADY HP TO
STATE HP ACCELERATION PEAK HP

PITCH EXPANDER

® START UP

® FRICTION ON CAMS AND GUIDES
® ROUND PITCH EXPANSION

TOTAL - PITCH EXPANDER

COMBINING UNIT
® START-UP

® ROUND COMBINING
AND CASE SPLITTING

® FRICTION ON GUIDES

® HANDOFF TO (FROM)
WEAPON INTERFACE UNIT

TOTAL COMBINING UNIT

TOTAL PITCH EXPANDER/
COMBINING UNIT




- . il - .
e e I i :

5. WEAPOM INTERFACE UNIT POWER REQUIREMENTS

ITEM

STRAIGHT CONVEYOR SECTION
DRAG AND START-UP

SPROCKET AND ROUND
START-UP

ROUND AND CASE HANDOFFS

TOTAL WEAPON INTERFACE UNIT

Ihh*&u1#“”

STEADY
STATE HP

0.20

T2

HP TO
ACCELERATION

1.1@

0.45

1.55

PEAK HP

1.30

it
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INITIAL DISTRIBUTION

Hq USAF/RDQRM

Hq USAF/SAMI

Hq USAF/XOXFCM

Hq USAF/XOO0OWA

AFSC/ IGFG

AFSC/SDhWM

tlq AFSC/DLCAW

AFML/DO/AMIC

ASD/ENYEHM

AFIT/LD

ASD/YEM

ASD/ENYS

ASD/ENAZ

AFFDC/PTS

TAC/DRA

SAC/LGWC

Hq SAC/NRI

WRAMA /MMEBL

CIA/CRE/ADD

AFWL/LR

AUL/AUL-LSE-70-239

Redstone Science Info Ctr/Doc Sec
USA Wpns Comd/SAPRI-LW-A

USA Mat Sys Analy Agcy/AMXSY-DD
USA Mat Sys Analy Agcy/AMXSY-A
USA Aberdeen R§D Ctr/AMXBR-TB
Frankford Ars/Lib

Picatinny Ars/SARPA-TS

USN Wpns Lab

USN Nav Ord Lab/Tech Lib

Nav Ord Stn/Tech Lib

Navl Wpns Stn/20323

Navla Sys Ctr/Tech Lib
USNWC/Code 533

USNWC/Code 4565

AF Wpns Lab/Tech Lib

Nav Air Sys Comd/Code AIR-5323
Office Naval Rsch/Code 473
NSAS STINFO Fac/Acquisitions Br
Inst for Def Analysis/Clas Lib
Rand Corp/Lib-D

DDC/TC

USAFTFWC/TA

Comdr/Naval Wpns Lab
Watervliet Ars#ARWV-RDT-L
USNWC/Code 51102

Ogden ALC/MMNOP

AF Spec Comm Ctr/SUR

Hq Dept of the Army/DAMA-WSA

Picatinny Ars/SARPA-FR-S-A

AEDC/ARO, Inc/Lib/DLCS

USA Mat Sys Analy Agcy/AMXSY-DS

US Army Material Comd/AMCRW-WN

Nav Wpns Eval Fac

Office of the Chief of Nav Ops
OP-982E

Naval Rsch Lab/Code 2627

USAFTAWC/AY

TAWC/TRADOCLO

AFATL/DL

AFATL/DLB

AFATL/DLY

AFATL/DLOU

AFATL/DLOSL

ADTC/WE

AFATL/DLDG

Emerson Electric Co

AFIS/INTA
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