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SECTION I 

INTRODUCTION 

This report describes the concept of a 25inin Ammunition Storage and Feed 
System designed to he 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 accommodate' 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. 

■ 
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TABLC 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 Positioned 
• Flexible Conveyor, «^hute 

For Gun Motions 

• 694 Rrunds 

• 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 

-     ■   -■'■■    llj^JIfl llli n     i^iirrfinifMiil ■■ ..^~-~. .~~~.^ 1.^- ^—^.^^- 
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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 25min 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 portion 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. 

■ :   - '     — ■!■ .Ill III   ^      -■■.^—-.--  
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25MM LINEAR 
LINKLESS MAGAZINE 

PITCH EXPANDER/ 
COMBINING UNIT 

WEAPON 
INTERFACE 
UNIT 

Figure 1.     25nim Linear Linkless  Storage and Feed System 
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Figure 2.     Ammunition Flow 
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2 .2     SYSTEM   IMPRÜVEMENT.S 

2.2.1     MAGAZINE   IMPROVEMENTS 

tag.r<iaaMe if'fJS 2  ha5 been ""»"S""" to achieve 9lg„iflCa„t edven- 

rnf e Cee„ the"6^:!'  "THT
121

"
8
 ^ ttindUP ^ "'"^/insur^      ^per s  ue.wcen  cne  bays.     The  upper  and  lower drive  "orocket  <!^laf^0  a^l 

Increased reliability has bau achieved by alteraatelv extends. H_ 

"^crL^^tl" eaCh ^a 0£  the CO"Vey0r ^^nt^'lLs  ""' °d8e ' i s 

of each conveyor ei:L't:tlLtl^Call,dtherHby "'""^  the f0l<ii^ >■"" 
the conveyor eiements  theLelie"    ' de'>e"de"'=>' ~ *•  "ggls effect of 

oTd—-^-:i-^i^s^^^^^ 

ac1:e1ssil^ist:„t:hem:?da:s1":f"bot^::8i^rbayby';: sdi"on •* «r*1* 

d;stnrhl„8 the „a8aj„e SST^aX^I^S lÄTtÄ 

2.2.2     PITCH  EXPANDER/COMBINING   UNIT   IMPROVEMENTS 

^or'^va^Ss'aable^^dtr're*"^" 8)  ^ "^ '"^ " "»^ 
compared to thoselechaniLl a« T^t ?.'*??**' ""' "lability „hen mechanisn.s as described in Emerson Report No. NB-4833-OU-1. 

ichle^d^lJh thrJresLtl"? ?? ' "^^ "**« -ductlon has been 

Pander and cLI^erM-hln        8ha e^b^n'pL^L^t'h^*  the Zt '*- 

cat:; bT^Si^^-rtr b?^ SS^sr^s^j. 
quired t^ join tt"e iru: tr™g theer0V r^Ht^' "V ^"^  "" 
single housing eliminates the nS fo^xtem^  r'    u"llza"on of a 
the two mechanisms. external aiming provisions betmeen 

fonction „as achieved b^y ^^"of ^^^t^^r^-i-e^n^iL^" 
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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.  This 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 (EX) .  In 
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 of a series of sup- 
port and connecting links has a 1.00-inch pitch rather than the 2.00-inch 
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- 
ciated 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 in a 
curvilinear path at the sprocket. The end result of this change is 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 elenents 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. 
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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 

V =  SPM(p) , _  3000(1.875)  .. 0,  „  .    .       , 
60 Sec/Min 60 93.75 inches/second 

The  accordion  folded belt velocity  is 46.88  inches/second 

p = 0.9375 inch Equivalent  Conveyor Pitch;   SPM = 3000 

SPM(P) 
60  Sec/Min 

3Q0Q(.9375) 
60 = 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 Figure  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 positive con- 
veyor guide path  throughout each magazine bay. 

The  throat  geometry of  the guide  tracks  at  each  folding  sprocket   (Figure  6) 
has been 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  ard 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  conveyor  element in the folded 
state.     These push rods  are  fixed at  their ends  to rJosed 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. 
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Figure 5.  Folded Belt Geometry 
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Figure  6.     Folding Throat/Chain Drive 
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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 exit 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 is 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. 
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B 2.3.2  MAGAZINE DRIVE SYSTEM 

The „a8a2l„e drlve systeB (Fi8ure 7) ±s  ^ ^ o£ ^ ^^ ^^^^ 

• Drive gear 

• Upper gear box 

• Lower gear box 

• Bevel gear set connecting upper and lower gear boxes. 

r.'p^'TdJjvi!1^ fr0ra the PltCh -P-d-/c°mbini.g unit by .eans of 

veyor sprocket driCe sha^t and thf n^     a eVel 8ear 0n the  uPPer """ 
veyor sprocket drive shaft  UtilLi^" Plni0n meShln8 With the lower ™- 
sprockets rather than chain, nw     8 S  lng t0  power a11 conveyor drive 

Backlash is of particular cncernb^tle  baCk.laSh ^^ the ^^^ 
running in the Lterided rather than tLf 7/°/^ "^  the COnVeyor is 
across the bottom of tLTelli™ ^    flded configuration.  This occurs 

(Pitch expander L^rSLr ^Li^cS!^ ^ al0n8 the ri8ht Side 
areas would allow the conv-or to ^ baCklaf between ^rockets in these 
mission of power through the convevor ai ' redundant load P*th,  The trans- 

POW.^.. pUSh rod srÄ^-s^.r,^.^ Sä" 

ll~ZlT\rllTj llnuJToT' in b"th 8"r b— "lth P"P" 
decelaratlo» of all coaveyör elements iTZ Sl°ul"IK<'u8 acceleration and 
all conveyor and push rod drive shäftaL^"'3^!-    PrOP" rOtatl0n of 
gears. shalts is achieved through the use of idler 

"idth of both „agaEine bays      Uslüf th^«        ^ "u"''3 '"«"""S the entire 
powered from their centers    ■,iül^^,,T^0aCh,  a11 drlve shaft3 are 
timing of the =onvey:rt:u:e«srtSnSthrt:oinbdaU

y
Ps.an<1 ^""^ "^' 

IX^^^Sn^r^.li.^s^' df r8ear3 ta p1*- 
timing problems associated with 0^1^^^       " "el8ht ^ "iaimizes 

ot  chain stretch and tension^ ^tm^freuSS^y X^e^ 
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Figure 7. 25nmi 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 reduced 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 MAGAZINE 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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»It    ^  I S&  Sp50cket throat guides. housing the drive shaft bearings 
sid/n  1  f0 T  Side PanelS-  Vertlcal slots are m-hined into the 
side panels in the area of the chain-driven push rod units. The chain 
drxven shafts are held by bearing caps, spanning the sJots. 

Extruded vertical guides extend into the slots between the bearing cans 
These guides control the conveyor in its folded configuration a^'provi^e 
running space for the push rod drive chains. The guides are mounteHit! 
board on the side panels by means of fasteners that match side panel pLte 

eWnt T   ^ theSe 8UideS Pr0VideS -ability to the foldeHonveior 
elements for inspection purposes or in the event of a jam or malfunction 

cr^St:^^^ 
precisely one-half round pitch-off with respect to the other conve^r to 
maxntaxn 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 dr^e sprocketr 

Tor SfVJLS1^ With,bl-d «P^ne timing provisions inco'rpor^L, 
tor ease of field service and repair. Except where noted, all fabricated 
magazine components are made of aluminum alloys. tabricated 

2.3.4 MAGAZINE MOUNTING 

Magazine mounting in the aircraft ammunition bay is accomplished by three 

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

Mvn^T^^r ™&aZ±ne  ^PPort-forward bulkhead consists of an adjustable 
Pivoted turnbuckle connection to the fuselage station 481.50 forward bu^! 

flttZ^^V38321116 SUPPort-aft bulkhead consists of a pin and seat-type 

^loM'aft bulkh" H^6 r^?116 t0 the l0Wer SeCti0n 0f 'he f^le  sC! 2r.2?iL JLJSS^' The fittin8 positions the ma8azine in its %**£* 
position' ^H-10"" Sidel?ad fittin^ loCate the ma8aZine in its buttline position.  This is accomplished through closely defined fittings which lo 
cation the aircraft vertical "tee" fittings of the forward and aft bulk- 

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 UNIT 

Intti JUS*!?   tWO distinct ^chanisms. the pitch expander and the 
combiner, both of which are enclosed within a common housing (Figure 8) 
The primary function cf this unit is to transport rounds from a dual b^ 
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 

Sanffr exPan*er *^hani8m has been designed to transfer rounds sequen- 

expaided Mtrh  T   ! ma8aZine ^ t0 the combining mechanism at an 
expanded pitch.  In order to avoid overboard discharging of spent cases and 

to ^"rmirthe^er0^^011.8  ^ been  ^^^  -to  the JSLTS af 
stowa^  Th^     H   theSe iteraS fr0m the WeaP0n to the ma8a^ne for 
miZ8 HJ  expander operates at firing rates of up to 6000 shots per 
minute while synchronized with the weapon.  In addition, due to the neces- 

oneraM ^V16"1^ at b^ termination, the mechanism is capable o 
operating in the reverse direction.  Finally, all of these capabilities can 

r to^fnT iUed^wtth8 ^ fether the meChaniSm iS empt^ P*"ianTfilled. totally filled with complete rounds or empty cases in any combination.   ' 

The pitch expander mechanism consists of a total of four expanding sprockets 
that are so sxtuated that one pair is aligned with each of the individual 

fefrinrr 'H
013611
^

8
-  ^ ^ 0f Spr0cketS has the capability of trans- 

cfoentr^trD
dSrioardtoCah::doa?f.alSO ^ effeCtln8 ' ™* ^ »^  « 

In the operation of the mechanism, upon weapon demand, the two lower expander 

a'ch'of the't   d by.harK
dened Steel ro-d S^es ext^ct liv^ rolds f o" 

partial   tw° maga21*e bays.  Prior to extraction, each round must be 
^IdP '^      T  0f itS resPective ca"ier element by a set of magazine 
roind ^ ;ger3 SO that the rOUnd 8UideS Can effectively move the extracted 

extrLlon of'ro^ ^ ^ ^ eXPander SprOCket-  To ins-e a -- ^ extraction of rounds, each expander sprocket is designed to provide a 

veyor^J^r ol Tf  ^ ^ PitCh line With that 0' the -g'azlne con- veyor at the point of transfer. The equations used to forraalate this 
velocity match are given below: formulate this 

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 

Ys = of Jhe ££r SSSt'StSJ^line and the center of — 

1; 
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Figure 8.     Pitch Expander/Combiner 

23 

■1   ■■iJftiii      r      w—---    ■ ■   .ri  Minlfcim        >i- —-'-^— ^m^mmmmäamämmimi 



mm ipv^va^iRpp "•^mmm^m 

i  i 

Figure 8. Pitch Expander/Combiner (Concluded) 

2h 

  ^ .-- J 11    ri»iiii"-J-—-■ ■ imilllllllii ir lirHiinniii^r—•-" - ■ 



r JJU-, MMU ,MJIIU JJUP^ippi  '       "'—-mmmm.mmfmmm.i  (■ J "^PHIPIIRHIIilPHpnHaHPPnPIIMi 

C?t— 

FWD CAM GL DE 
(4 PLACES) 

lluded) 

k am itmmmälamMmmmmmmmmm mmmimmmmmmmtmimMim 



mmmmmmmim wmm 

At a maximum firing rate of 6000 shots/minute or 3000 shots/minute for 
each magazine bay, the following can be compnted: 

R = 3000 shots/minute » 60 
sec 
min 

= 50 SPS 

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

For velocity matching V must be equal to V 
C s 

^s = 93.75  inches/second 

Ws = P.2TT/N =  (50 sps)   (2TT)/4 

Ws = 78.539 radians/second 

Vs = Ws rs = 93.75 inches/second = (78.539 icuians/second) rs 

rs = 1.194 inches 

Therefore, rs 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 elemeats 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 related to a rotating sprocket, that of Vs ■ 
Wsrs.  Results of these computations revealed that rs 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 axial 
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 Chey 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 ones 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. 
Lach 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 contained 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 minimise 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 
Ü 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 is 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 caa loads.  In 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. ***»i fiction 

The design of the cam track profile proviaes a lateral movement of S.73 
inches in a distance of 13.40 inches.  In order to minimize the. loads 
associated 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 

stratedVth^%T ^^^ ^^ C) ' R*s^*  «»£ this program demon- 
mod^ff H    the ™st 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 

UmitXor2oJyg'I 8,S' WhiCh are Wel1 Within the accePtable ro^d design 

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 
m 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 

wJth Jltl  ^ . VT0 is1
COnveyed throu8h the weapon interface assembly 

SS nf%H       ^^ reSUlt 0f achievin8 -  Pitch that precisely matches tnat or 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- 
U) 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 
a 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 

Into'eachTr0' 1 ^ ^f ^'  ^^ fittingS are' in turn' ^stalled into each of these slots.  These fittings provide a center guide track 

stlf^rT   T^l  f00t &n±deS  WhOSe purP0se is to furnish additional stiffness for each of the crossbars. 

Positioned and bolted to either side of the cam plate assembly are the 
furn-Üh tu ^d P^tes. As one of its functions, these end plates 
furnish the means of supporting the four gear-driven shafts that comprise 
a portion of the pitch expander and combiner mechanisms. Two of these 

blifsS alLUt±liled  t0  rPPOrt the UPper and loWer exPa^er sprocket assem- 
blies.  The position and retention of these assemblies are achieved bv a 

theS^LlnHin8 ^ T  ^^ 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.  In particular, the carrier element has utilized a 
steel investment casting which has been so configured as to effectively 

rn H  T by providin8 suPPort at both the neck and the base of the 
TZ    lu       <:astl*g confi8^ation «as utilized for reasons of weight and cost 

thL drive ^    H8 PrOVide SUPPOrt '" the Pairs 0f aluminum chain sprout that drive the combining conveyor network. 
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All ot the four shafts are supported in the end plates by sealed radial 
bearmgs and have incorporated a spline at the gear interface end. These 

bli^r.H^f ^i^1^ Tth  SO aS t0 aChieVe "Potable timing upon reassem- 

heL-trfaLd1:^! "' ^ ^ ^^ ^ ^ ^^  ^ 

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 

bearlng'bores'.'031'10111118' theSe 8UideS ^ ^ Pll0ted int0  the ^joining 

Extended close toleranced locating pins have been installed in the lower 

?inL whil ^ ^  ^ ^lateS-  rheSe Plns en^e  Sl0tted ma8-ine flt- 
tiw/ H KC|OSe toleranced P1? P^s Seated in the upper cover mate close 

ion oTth '   /Ti^? ^ a Set 0f UPPer magazine fittinBs. The combina- 
oort rL       l\ f  ^n ^ Pip Pins ve"ic.ally 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. 

frouniTun^     ' I! ^^ 0f Cl0Se t0lerance Pi« «• runted 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 ^itch 
expander/combining unit.  Upon engagement, both units are effectively 
aligned and positioned to one another so as to insure smooth round trac- 
ers.  High strength, quick-release fasteners have been installed in the 
op and bottom covers of both units to effectively connect the units 

porated the added feature of a retaining ring so as to capture the fastener 
on tne turnaround unit in the disassembled state. fastener 

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

at ££'JeS meSh ^ either end'  Tirain8 Provisions have been incorporated 
at both of these points in such a manner that assembly is prohibited with- 
out proper timing being effected. proniDitea with 

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. IW 
guides eight m number, provide effective radial control of the rounds 

bv thf rJ-^H T151^ raeChaniSm While i-Sltudinal control is achieved 
by the individual carrier elements. These carriers of aluminum bronze 
cast construction achieved this round control by the incorporation of a 

II OT" ^^ r838^ the eXtraCt0r 8roOVe **  each rounS!  rLSition two other protrusions were utilized to cradle the cartridge cas« and 

- LTthaVth^r ^ d^in8.l0adS ^ ^^  t0 the ^"  ^-ent 
d^ld'mechlnicllly'' ^^ minlmiZin8 the P°**^y of  the round being 

The round guides mounted on each cover also fulfill the capability of ex- 

Pro S Sse^ir^^T"^8 t0 ^ fr0m the Upper and l0-r ex ander sprocket assemblies.  In order to minimize weieht and «t-iii m-r*J*A *•*   . 
structural capabiluies. Ughtaulng holea hl^Jt"^^"^ *'" 
or the cast covers. ^ucu «*«» eacn 
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The funtion of the center support is to provide an additionai mounting 
surface for the remaining set of expander sprocket cam guides, utilizing 
the same technique of mounting.  In 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 engage? the round extractor groove while continuous upper 

31 

mt^iumm III      ilMI» ■» ■   n ^^M»....^ ^.BaJut^. ^^-ima.^... 



and lower guides control the axial "lotion of the round.  In addition, eacli 
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 construction, 
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 effectively 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 ?n the field. All spur and bevel gears are fabricated from 
heat-treated steel alloys. All other components that comprise the turnaround 
unit are of aluminum construction for reasons of weight reduction. 
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Figure 10.     Magazine Turnaround Unit 
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2.3.7.2 FLEXIBLE 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 sized 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 maintaining its required flexibility.  In 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) is 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 

The flexible chutes are attached to this unit by means of steel fittinas 

ZTtltSt  ^ housin8 sidewal^-  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 proper positioning 

£2?!    f ° units and to isolate all weapon recoil and counteJ-recoU 
loads from the fasteners. iecoix 
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made of hardened steel?      cavities. and all guides and cams are 

The steel drive sprocket shaO -IQ V,^II 

utilization of J^«, L^^JSS^!1- f0r "el8ht redU<:"0" »"" 

The drive shaft is supported bv hall K^O^-, 

for protection from coLa^iL'L  In o^T eqUipped With double «eals 
made of aluminum for weight reduceon  r        components in this unit are 
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Figure 11.     Weapon Turnaround Unit 
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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 only 
in  the areas where  the  conveyor  element  is extended  that the  rounds Sll 
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.   PThe^onvejor 
elements  are constructed  from A357-T61  aluminum  investn^t  casting^ 

The  conveyor elements  have cylindrical  ends.  1.870  inches  in diameter with 
ca.t-in-place Unks.     A rigid  spine laterally connects the ends  of  the 

thrZh   V   l^3   "^  fr0m  thiS  Spine  retain  the   "^s  anS empy  cases 
throughout  the system except  in  the aforementioned  guide areas. 

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

Round contact points,   with the  conveyor  elements,   are at the  case extractor 
groove,  in  the shoulder  area of  the  c.se,   and at  the projectile!    Full 
rounds are  supported  by  the extraction groove and  the projectiU      The 

IZLZTer^ZT10^^^ eXtraCtl0n 8r00Ve  " dsi body It 

acL^        e"asf wetratll i^  ^hT'  ^J ^  '^J? -"^ lift-nno Je  ►u !  t 1:irin8-     The  spmf. is  contoured  to  allow for 
lifting of  the round  from the  conveyor elements by  guide fingers    located 
xn  the magazine  exit  area,  for  transfer  to  the pitch expander  s^ockets 

Toti;irereZ:ti
empty cases from the pitch expander Sp-cketspt0

octh:s' 

Machining of  the conveyor elements  is  limited  to   the  pitch  -enters     link, 
and  round  control   .eatures.    The  conveyor elements  are    oatel with'Emral^ 
333  to reduce wear and  friction with  the magazine  guide tracks! 

withlh^T .^fT3  feSSed  in  the CaSt  links  P^de bearing surfaces 
when  S; CyllndriC^   ends'  durin8  Elding  and unfolding in  the majazine 

track in STll*    fT*** ?!*  COnnected-     ^ alternately extended pin^ 
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  stabilizatioi and 

e^lnSLni?^  f0Hldin8 and ^"^ Of  the  conv^or eWnts, eliminating all dependency upon  link toggle effects. 

L-shaped connecting pin.-  of aluminum bronze are used  for  40i«4..  . 

LocryoTr
h:t°

mt8;- Thvins are holl<■" "ith«^»^ ffirTTxir inch.     The  connecting  pins are alternately extended  at each  «n^  «* LÜ 
conveyor element throughout the  entire loop    Ihis  necessitated  tLl 
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Figure 12. Magazine Carrier Element 
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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-lnch-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 weapon 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 local 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 rectangular slots have been integrally cast in each 
of the conveyor links. These slots permit the insertion of guide fingers 
which insure a 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 25tnin LLFS at 6000 SPM is 29.6 HP. 
The predicted peak power necessary to accelerate to 6000 SPM in 0.4 second 
is 40,9 HP. The peak power figure is the sum of the steady state power 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 
1-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. 
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TABLE  5.      SYSTEM POWER REQUIREMENTS 

SUBSYSTEM STEADY  STATE 
HP 

PEAK HP 

Magazine 7.8 12.8 

Combining Unit/Pitch 
Expander 

4.6 6.1 

Weapon Interface Unit 10.0 11.6 

Drive Train Losses 

0 Magazine  at 65 percent 
efficiency 

4.2 6.9 

• Combining Unit/Pitch 
Expander at 80 percent 

1.2 1.5 

• Weapon  Interface 
Unit at  85 percent 

l,£ 2.0 

Total System Power 29.6 40.9 

TABLE 6.  DRIVE TRAIN POWER CAPABILITY 

GEAR 
CAPACITY PEAK HP 

STEADY  STATE 
HP 

GEAR-MESH 
LIFE-ROUNDS 

Weapon Interface Drive 

Primary Drive 

Combining Unit/Inter- 
face Unit Drive 

Combining Unit Drive 

Combining Unit/Magazine 
Drive 

36 HP 

43 HP 

36 HP 

39 HP 

30 HP 

13.65 

40.9 

16.63/Mesh 

13.63/Mesh 

19.64 

11.8 

29.6 

11.9/Mesh 

8.9/Mesh 

12.05 

>io6 

>io6 

>io6 

> io6 

>io6 

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.     Utilization 
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 reloaJer  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. 
2. 
3. 

4. 
3. 

6. 

7. 
8. 

Lock weapon bolt in rear position. 
Open magazine reloading access port cover. 
Move telescopic round guides in the access port cover area 
aft with respect to the magazine. 
Attach reloader to magazine using quick release pins. 
Insert two separate ammunition belts into the reloader feed 
throats. 

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  passing  through 
the weapon.) 
Detach reloader from magazine. 
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. 
Close magazine reloading access port cover. 

To reload the system; 

1. 
2, 
3. 

4. 

Lock weapon bolt  in rear position. 
Open magazine reloading access port  cover. 
Operate system at  approximately 50  to 100 SPM rate m 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. 
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. 
6. 

7. 

B. 
9. 

10. 

Attach reloader to magazine using quick release pins. 
Insert two separate ammunition belts into the reloader 
feed throats. 

Operate system in reverse feed direction at approximately 
150 to ?00 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.) 
Detach reloader from magazine. 
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. 
Close magazine reloading access port cover. 

To unload the system: 

i. 
2. 
J. 

4. 
5. 

6. 
7. 

3.3 WEIGHT 

Lock weapon bolt in rear position. 
Open magazine reloading access port cover. 
Move telescopic round guides aft, with respect to the 
.nagazine, individually removing four empty cases, dud 
rounds, or live rounds from each magazine bay. 
Attach reloader to magazine using quick release pins. 
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 systeni 
in forward feed direction minimizes the number of live 
rounds passing through the weapon.) 
Detach reloader from magazine. 
Close magazine reloading port cover. 

System component weight estimates listed in TabU 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 pounds value stated 
in the Emerson proposal. Report No. NB-4833-014-1. 

3.4  RELIABILITY 

3.4.1 MAGA2INE 

The inherent reliability that existed in rhe  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. 

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) 

!     MAGAZINE ASSEMBLY (333.5) 

• Structure 110.0 

• Gears 12.8 

• Sprocket Assemblies 14.2 

• Shafts 22.7 

• Bearings 7.1 

• Roller Chain 29.3 

• Push Rods 7.0 

• Conveyor 130.4 

COMBINING UNIT/PITCH EXPANDER (77.1) 

• Structure 28.4 

• Drive Components 15.7 

• Conveyor 18.6 

• Pitch Expander 5.0 

• Cams and Round Guides 5.4 

• Miscellaneous 4.0 

WEAPON INTERFACE UNIT (75.7) 

• Weapon Turn-around 16.5 

• Magazine Turn-around 35.0 

• Conveyor 9.0 

• Flex Chute Assembly 15.2 
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C. 

d. 

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. 

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

f. 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. 

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

h.  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. 

i.  Continued use ot" hardened steel guides, jriginally 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. 

j.  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. 

k.  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 and ambient in- 
service environments assure reliable performance of carrier belt 
assembly. 

1.  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 0 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. Automatic timing of the pitch expander/combining unit to the magazine 
at installacion. 

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

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. 

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

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

Conveyor Elements: 

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

b. 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. 

c. 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. 

b. 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. 

c. 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. 

d. Time required for subsystem installation is greatly 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. 
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Considering the above major features of the 25inm 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. 

A.  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 
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. ' 

c 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" 
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 tasi j to be performed at the inter- 
mediate level and their frequencies are: 

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

(Tlu 
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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 gaometry. 
The inputs to the program are the following: 

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

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

tion) . 

HI - 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 of 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 foxding 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. 

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

RPM - Revolutions per minute of the folding sprocket. 

o 
Print Interval - Interval for printing results, typically 5 . 
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The initial part of the program generates all relevant 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. 
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10EÜM 
20FREEIN 
30C 
40 RtAL L1*L2#M 
5U INI EUER PR 
60   DfelUHLE   PREClülkJN   PBSX,PüSr*DT 
70   DIMENSION   VELA(8)*VELYC8),ACCA(8)#ACCr<8) 
HO   COMMÜN   Pfe)SÄ<b,-l/l),PüSY<8,-l/l),Ll*L2*PT(5*6),Hl,H2,RJ,R2,Pl,R|X,RlY 
# 
904   R2A#R2r*A0R#T 
10ü&*W#R4A#R4r.R4»R3XjR3T#R3#Mjb 
110   TYPE    1000 

1000  rMMATC*   ENTER:   L 1»L2#H l*H2*Rl *R2*TA,/) 
ACCEPT *L1#L2#H1*H2*K1,K2,TA 
TYPE 4000 

R3#R4,M*B »«/) 

120 
130 
140 
150 
160 
170 
180 

4000   EORMA'K *   ENTER 
ACCEPr*R3»R4»MjB 
TYPE    1020 
1020   F0RMAT(*    ENTER: 

190&RPM,PRINT    INTERVAL'/) 
2U0   ACCEPT   *AO,AF*UEL*RPM,PR 
210   TYPE    1090 
220    1040   EOkMAK ///) 
230    1050   F(aKMATC2A* ,RNÜ,*6A* 
240Ä   SA*'A-ACC'»SA, 'IT-ACC') 
250   PI=3.14159265 
260   RPD=0.0174533 
270C 
280C****** SET   LIMITS 
29 OC 
300   W=2.*PI*RPM/60. 

N = CAt)-AE)/DEL 
A0K =( A0-»-DEL*2 . ) *RPü 
DT=DEL/<6.*hHM) 
T=DT*<-2.) 

START   ANG*STüP   ANG^CALC   INTERVAL<DEC) 

'A-POSSSX, 'Y-PBSSSA, 'A-VELSSA, 'Y-VEL', 

&   DELTAS 

310 
320 
330 
340 
350C 
360C******* 
370C 
380   R1A=R1*H1 

H1Y = -S(JRT<<L1*R1)**2 
R2A=H2-R2 
R2Y=-S0RT<(R2-L1>**2 
TYPE*R1A,R|Y*R2A,R2Y 

GEOMETRY   DEFINITION   -   Rl    ÄR2   CENTERS 

•R1A**2) 

•R2A**2) 

Rl    Ä   R2   TANGENCY   POINTS 

390 
400 
410 
420 
430C 
440C******* 
450C 
460   TH1A=H1 
470   THIY=R1Y 
480   TPYl=RlY-(rm*Rl)/(Rl*Ln 
490   TPA1=R1A-<R1*R|A)/<R1*L1) 
500   A=ABS(TPY1/TPA|) 
510   ATPY1=ATAN(A) 
520   TH2A=H2 
530   TH2Y=R2Y 
540   TPA2=ABS(R2A*<R2*L1)/R2)-ABS<R2X) 
550   TPY2=ABS(R2Y*<k2 + L.l)/R2)-ABS<R2Y) 
560   ATPY2=ATAN<TPY2/TPA2> 
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K3   TANGENCr   P0IN1S 

•ATAN<M) ) 

570   PT<1,1)=TPX1 
580   PT<1#2)=TPY1 
590C»♦**»**♦♦♦♦♦ 
600   R3H1X=H1 
620   R3X=H1*R3 
630   R3H3X=R3X-R3*C0S(P1/2. 
640   R3H3Y=M»R3H3X*B 
650   R3Y = -R3*SCJRT(M**2+1)+M*R3X*B 
655   l<3Hiy=R3r 
660   PT(5»I)=R3HIX 
670   PT<5*2)=R3Hir 
680   PT(4*1)=R3H3X 
690   PT<4*2>=R3H3Y 
695   TYFE#K3X*R3Y 
70ÜC******+****4 
710   ANG = PI/2.-ATAN<M) 
720   E=K4/SIN(ANÜ) 
730C******** 1NTERSECTI0N   UF   C1R<R1-RüI) 
7^0C GIVES   CENTER   FÜR   R4 
750   AA=R1X-(RIY-B)/M 

ALPHA=AS 1 N< < AA/R 1 ) »SI N( ATAN( M) ) ) 
BETA = P1-(ALPHA*ATAN< M)) 
k4X=RlX-<Rl-R4)*C0S(BETA) 
R4Y=R1Y*<R|-R4)*SIN(BE1A) 
TYPE*R4X,R4Y 

H3 // T0 H3 PERPD. ÜIST. 

WllH   H3' 

R^   TANGENT   T0   H3 

./M) 

760 
770 
780 
790 
795 
800C******** 
810   B4=R4X/M*R4Y 
820   R4H3X = <B4-B)/(M-H 
830   R4H3Y=M*R4H3X+B 
840   PT<3*1)=R4H3X 
850   PT<3*2)=R4H3Y 
860C******** RA   TANGENT   T0   Rl 
870   ALPHA=ATAN(ABS(R4Y-RlY)/AbS<R4X- 

R4RlX=R4X-h4*C0S< ALPHA) 
R4R1Y=R4Y*R4*SIN<ALPHA) 
PT(2*1)=R4R1X 
PT{2*2)=R4R1Y 
00   5   1=1*5 
TYPE*1,PTU*1)#PT<1*2) 
5   CONTINUE 

-RIX)) 
890 
900 
910 
920 
921 
922 
924 
930C 
940C****** POSITION   LIMITS   0N   R2   CORRESPONDING 
950C POSITIONS   0N   SPKT#Rl,R4*H3*R3,&   HI 
960   DO   800   1=1*5 
970   D=SORT(<PT(I*1)-R2X)♦*2 + (PT<I * 2)-R2Y)**2) 
980   S=0.5*(L1*D*R2) 
990   R=SÜRT<(<S-L1)*<S-D)*<S-R2))/S) 
1000   ALPHA=2.*ATAN<R/<S-L1)) 
1002   BETA=ATAN(ABS< PT<I*2)-R2Y)/ABSC PT<I,1)-R2X)) 
1004   GAMMA=ALPHA*BETA 
1006   PT(I*6)=R2Y*R2*SINCGAMMA) 
1008   PT<I#5)=R2X*R2*C0S<GAMMA) 
1010   GAMMA=BETA-ALPHA 
1012   PT<I,4)=R2Y*R2*SINCGAMMA) 
1014   PT(I#3)=R2X*R2*C0S<GAMMA) 
1016   IF   <PT<1#4).GT.R2Y)    G0T0   790 

T0 
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lOlf 
102 0 
1022 
1024 
1026 
1030 
1070 
loyoo********* 
1 10ÜC 
I 1 10 
1 120 
1 130 
1 140 
1 150 
1 160 
1170 
1 180 

PUSA<I-1,|)=PT(1,1) 
PbSY(1-1,1)=P1(I,2) 
CALL   FLAT<2*I-l,l> 

Pl<i*3)=P0i>A(I* 1) 
PT( I,4)=Pt;sY( 1,1) 

7VÜ   7YPt;,l,PlU,3),PTU,4),Pl(I,5),Pl(I,6) 
Ö00   CONTINUE 

HüSIlieN  CALCULAII0NS 

' 

Ok) 10 I=-l, 1 
Ok; 10 J=l >b 
PkJi>A( J,l ) -! 
PUSY( j,n = i 
10 CON! INUE 
m bOO I=U*N*2 
l=T*Ui 

AeR=AeR-OEL*RPü 
1I90C********* DATA   üHipj   LEFr 

1200   Ufc!   20   J=|,8 

1210   PObA(J,-l)=P0üA(J,O) 
1220   PlübYC J,-|)=PesY<J,0) 
1230   PLSA<J,ü)=Pfe;i>A(J, J) 
12/iU   POSYC J,O)=P0SY( J* 1) 
12bü   20   CONTINOE 
1260C********* RfeJUND    1 
1270   CALL   ONbPKTC1) 
I280C********** ROUNÜ    7 
1290   PüSX<7>1)=H1 

1300   POSY(7,1)=L2-0.5*L1-C3.*L1*(TA/1«0.*PI 
i3ioc****** ROUND 2 
1320 IF(A0r<-PI/3.-AlPir2)    40,30*30 
1330 30   CALL   0NSPKl(2) 
1340 Ok)    10   bO 
13b0 40   CALL   ÜUTEKC1,2) 
136ÜC******* R0UND   3 

1370 bO   IF<A0R-2.*PI/3.+ATPYn 
1380 60   CALL   0NSPKT<3)- 

1390   00 
1400   70   CALL   1NNER<2,3) 
141ÜC***»*****»»* K0UND 
1420   80   P0SA(8,1)=H2 

142b   P0SYC8,l)=PüSY<7,l)-0.b*Ll 

, 

•A0K)*O.5)/PI 

70*60*60 

T0   80 

8 

143OC*********** 

1440   CALL   0UTER(3*4) 
14b0C********* 

1460   CALL   INNER(4*b) 
147OC************ 

1480   CALL   FR0TR(6) 
1490    1090   F0KMAT</) 
1500C 
lb IOC*************** 
I52 0C 

1530   IF(l-2)   400*300*250 
1540   250   1F<1.EO.N+2)    G0   T0 
1550   IFCMK.NE.PK)    GO   T0   400 
1560C 

ROUND   4 

ROUND   5 

ROUND 

VEL*ACCEL*&   PRINT   L0G1C 

300 
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I5 7ÜC 
IS80C 
1590 
1600 
1610 
1620 
1630 
1640« 
1650 
1660 
1670 
1680 
1690 
1700 
1710 
1720 
1730 
1740 
1750 
1760 
1770 
1780 
1790 
1800 
1810 
1820«'. 
1830« 
1840 
1850 
1860 
1870 
1880 
1890 
1900 
1910 
1920 
1930 
1940 
1950 
I960 
1970 
1980« 
1990 
2000 
2010 
2020 
2030 
2040 
2050 
2060 
2070 
2080 
2090 
2100 
2110 
2120 

************* 
RiJUNDS    1    THRU   8   NUMERICAL   StJLUT 

3   POINT    CENTRAL   DIFKERENCE   F0RMULA   4 

REFERENCE   ANÜLE(ÜEG),    =    ,,F9.4, 

300   TüT=T-ÜT 
MM=0 
AS=A0R/Rpu*DEL 
TYPE    1070*AS,TÜT 
1070   FORMAK/'   SPRÜCKE1 

SECONDS   =    ,#F9.6) 
TYPE    1050 
DO   350   J=U8 
VELX<J)=(P0SMJ, jj.p^M^.jjj^^-jj 

VELY<J)=CP0SY<J,l)-^SY<J,-n)/<2*Dl) 

AccY(<j>>-;p^v;i'!;''*^sA<j'ü,+p^<j'-,>)''<^*^) 

TYPE    »O8O,J,P0i,A<J,O),P0SY(J,ü),VELA(J),i/FLY( J>    Irr*,^ 
1080   F0RMAT<3X,1 1,2A,6F10.3) Vt-LM J ' ' ^LY ( J> , ACCXC J) 
350   CONTINUE 
400   MM=MM*1 
500 CONTINUE 
TYPE 1040 
END 
SUBROUTINE 0NSPKT(N) 
DOUBLE PRECISION P0SA,P0uY,DT 
REAL L1,L2*M 

Hl,H2,Rl,R2,PI,RiÄ,Riy,R2Ä,R2Y,A0R,l 
#W*R4Ä*R4Y»R4*R3X*R3Y*R3*M*B 
GO T0(10#20*30>,N 
10 A-AOR 
GO TO 40 
20 A=A0R-PI/3 
GO TO 40 
30 A=A0R-2*PI/3 
40 POSXCN, n=Ll*COS(A) 
P0SY(N,1)=LI*SIN(A> 
RETURN 
END 
SUBROUTINE INNER(I,J) 
DOUBLE PRECISION P0SX,P0SY,DT 
REAL L1,L2*M 

GOTO 
G010 
GOTO 
GOTO 

ION 
PRINT 

*ACCY<J) 

R3Y,R3,M,B 

110 
140 
130 
120 

1F(P0SY(I,1).GE.PT(2,4)) 
IF(P0SY(I,1).GT.PT<3,4)) 
IF<P0SY<I,n.üE.PT<4,4}) 
IF<P0SY<I,1).GT.PT<5,4)) 
CALL FLAT< 1*1,J) 
RETURN 
100 IF<P03Y<I,l).üE.PT<2,6)) G^/IO 
IF<PÜSY(1,1).GT.PT<3,6)) GOTO 140 
IFCP0SY<I,1).GE.PT<4,6)) GOTO 130 
IF<P03Y<I,1).GT.PT<5,6)) GOTO 120 
CALL FLAT(1,I,J) 
RETURN 
110 RXsRlX 

1 10 
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2130   RY=R1Y 
2140   RR=R1 
2150   G0TÜ   200 
2160   140   RY=R4y 
2170   RX=R4X 
2180   RR=F/| 
2190   G0T(d   200 
2200   120   RY=R3y 
22 10   RX=R3Ä 
2220   RR=K3 
2230   G0T0   200 
2240   130   YA=1/(M**2)+l 
2250   YB = -2*<B/<M**2)*F0SÄ(I, 1)/M*P0SY(I, D) 
2260   YC = <B**2)/<M**2)*2*B*P0SA(I, 1)/M*P0SX(1,1)**2*P0SY< 1 # 
2270Ä   -Ll**2 
2280  YI=<-YB + S0RT<YB'**2-4*YA*YC))/<2*YA) 
2290   Y2=(-YB-SQRT<YB**2-4*YA*VC))/C2*YA) 
2300   IF<1.Gr.J)G0T0   170 
2310   IF(Y1.GT.Y2)    G0T0   160 
2320   PüSY(J* 1)=Y1 
2330   G0T0    190 
2340   160   P0SY<J*1)=Y2 
2350   G0T0    190 
2360   170   IF<Y1.LT.Y2)    G0T0   180 
2370   P0SY(J*1)=Y2 
2380   G0T0    190 
2390   180   P0SY<J*l)=Yl 
2400    190   P0SX(J, 1)=(P0SY(J,1)-B)/M 
2410   RETURN 
2420   200   C0NT1NUE 
2430   Ü=SQRT(<P0SX(1,1)-RX)♦*2*( P0SY(I,1)-RY)**2) 
2440   S=0.5*<L1+RR*D) 
2450   R=SURT(((S-L1)*(S-RR)*<S-D))/S) 
2460   ALPHA=2.*ATAN(R/<S-L1)) 
2470   IF(I.GT.J)    G0   T0   10 
2480   BETA = ATAN< ABS((RA~P0SXC 1 * 1) ) /< P0SY(I, 1)-RY))) 
2485   IF<P0SY<I,1).LT.PT<4,6>)   BETA=ATAN<ABS<P0SY(I,1. -RY)/ 
24864   ABS(P0SX<1,1>-RX)) 

1)**2 

2490 
2495 
2500 
2510 
2520 
2530 
2540 
2550 
2560 
2570 
2580 
2590 
2600 
2610 
2t20 
2630 
2640 
2650 

GAMMA=PI-ALPHA-BETA 

•P0SX(1,1)))) 

GAMMA=PI/2.-ALPHA-BETA 
IF(P0SY(1,|).LT.PT<4,6)) 
G0   T0   50 
10   1FCP0SYC1,1).LE.KY)    G0      T0   20 
BETA = ATAN(ABS< < P0SY<I * 1)-RY)/( Rx• 
GAMMA=ALPHA*BETA 
G0   T0   50 
20   BETA=ATAN<ABS((RY-P0SYU,1))/<RX-P0SX(1,1)))) 
GAMMA=ALPHA-BETA 
G0 T0 50 
50   P0SX<J* 1)=RX-RR*C0S<GAMMA) 
P0SY( J* l>=RY + RR*i)lN< GAMMA) 
RETURN 
END 
SUBROUTINE   0UTER(I*J) 
Ü0UBLE   PRECISI0N   P0SX,P0SY,DT 
REAL   L1,L2*M 

C0MM0N   P0SX<8,-1/1),P0SY<8*-|/1),L1*L2,PT(5*6)* 

A 
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2680 
2690 
2700 
2710 
2720 
2730 
2740 
2750 
2760 
2770 
2780 
2790 
2800 
2810 
2820 
2830 
2840 
2850 
2860 
2870 
2880 
2890 

6    J   D*SäRT<(P0SX(I,l)-R2A)**2*<P0Sy<l,1)-R2Y)*»2) 
S»0.5*<L1*D*K2) 
K«S0RT<<(S-LI)*{ü-D)*{S-R2)>/S) 
ALPHA=2.*A IAN(R/(s-L1)) 
1F<1.GT.J)    G0   T0   10 

BETA=ATAN(<K2Y-P0SirU* l>)/<R2X-P0i>Ä(I, l))) 
GAMMA=BETA-ALPHA 
G0   T0   50 
10   IF<P0SY<I,1).LE.K2y)    G0   T02O 
BETA=   ATAN<(R2Y-P0SY(I, 1) )/< R2Ä-P0b)(U , 1) )) 
GAMMA=BETA*ALPHA 
G0   T0   50 

20 BETA=ATAN(ABS( < P0SY<1,1)-R2Y)/( R2ä-P0SA< I ,|)))) 
GAMMA=ALPHA-BETA ••!»»** 

50 PBSACJ,1)=R2X*R2*C0S<GAMMA) 
P0SY<J,|)=R2Y*R2*SIN(GAMMA) 
IF<P0SY<J,n.LT.K2Y) CALL FLAT<2,I,J) 
RETURN 
END 
SUBROUTINE FK0TR(N) 
D0UBLE PRECISION F0SA,P0SY#DT 
REAL L1#L2*M 
C0MM0N P0SX(«,-l/|),p0SY(8,.,/,,,LULgjpT(i)>6)^ 

2920* )**2) ,))**y + <Pü5r(N*,',>_P0SY<N-»'«) 

2930   IF(AßS<P0SÄ<N*l, l)-P0i>Ä<N-l, D) .Gl. 
2940   ALPHA=PI/2 
2950   G0   T0   20 

2960   10   ALPHA=ATAN<<P0SYCN*l,|)-P0i>Y<N-l 
29704   (P0SX<N*|,|)-P0SX<N-1,1))) 
2980  20   BETA*AC0S<(O.5*D)/LI) 

GAMMA=ABS< ALPHA)-ABS< BETA) 

P0SX(N#l)=P0bX(N*l,l)*Ll*C0S(GAMMA) 
P0SY<N*1)=P0SY( N*1,1)♦L1*SIN(GAMMA) 
RETURN 
END 
SUBROUTINE FLAT(K,I*J) 
DOUBLE PRECISION P0SA,p0SY,Dr 
REAL L1*L2#M 
COMMON H0SX(«,-j/|),P0by<B,.1/,),L,,Ly,pT(5j6)# 

S^ÄÄ'^,^#W'*IX',*IV'R8x'fcY'A8ft,T'w#Ä4X**4r',l4',r3x'Ä3^»3.#ue 
IF(K.EQ.2) P0aA(J,l)=H2 
GAMMA=ACOS((POSX(I,l)-pßSA(J,1))/L1) 
POSY(J,1)=P0SY<I, J)*.L1*SIN<GAMMA) 
IFCI.GT.J) RETURN 
POSY( J,1)=PüSY(I,1)-L1*S1N< GAMMA) 
RETURN 
END 

>Ü.ÜÜÜ1) G0 TO 10 

1*1))/ 

2990 
3000 
3010 
3020 
3030 
3040 
3050 
3060 
3070 

3100 
3102 
3104 
3106 
3108 
3120 
3130 

I 
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APPENDIX B 

PITCH  EXPANDER TIMING RELATIONSHIP 

UPPER EXPANDER SPROCKET 

? 

COMBINING CONVEYOR 
SPROCKET 

LOWER EXPANDER SPROCKET 

Al 

A3 

L 

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) 

N2 = Number of equivalent carriers existent over the A- angular interval 

N3 = Number of carriers existent over the A angular interval 
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N, - N'unber of magazine carrier elements that exist between the upper 
and lower expander sprockets 

P. ■ Magazine conveyor round pitch (Inches) 

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

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

W ■ Angular velocity of the expander sprocket (radians/second) 

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

GIVEN: 

f.  = 1.875 Inches 

R2 = 1.866 inches 

R3 = 2.488 inches 

VT. ■ 78.539 radians/secoud 

VL - J04.720 radians/second 

'fa^atitx*^* 
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e PRINT 

5 PRlNl-PiTCHr1 

6 PM iMi 
10 ^KMU   hX#    h3*    h*   Al*   A'ti 
ivy t->\LiM"i\A"t    "Nb"*    "DI".    "L" 

S^OC) L>;|    A3=< A^-A 1 )/^0 
;JüU l-t^    L=A|      |U    Ar?    SIE»-    A3 
Jlu LEI    hl=L/<y»(KfJ*h3f.0^/t) ) 
Ji'U LEI    H^=   .bUK( 1 -h |*h 1) 
330 LK1   A|«A1Mb|/ft2) 
340 l^^    Ay=   6 .k?b3 ltt-Ü*Al 
3b U LKI   A3=    3.14 1bV-Al 
360 LCI    Nf=A^»3/6.yb3lH 
370 LEI    i\3=   M3*4/6.?b3lb 
3b 0 LK1    i\4=L/h 
3VO Lhl    Nb^Vi-^*   3 
•300 LKi    eiaKS»K4 
tJ^b Lfcl   L>1=E1-IM(K1) 
bbO it-    Ahi><ÜI)«=    .0001     lHti\    700 
bVO hKIM    i\4*    ,\b*   01»    L 
600 M-.AT    L 
6^ bl     lb   bOO 
700 hrtliVr"L=",    L 
bOO UMA    1 .066*    P.4Bb#    l.«7b#    7.i?üO 
yoo KM 

7.27b 

PITCH I 

3 . b 7 4 

3 .b76 
3 «b/o 

1,4 .s-rj ul L 
3 3r./( /i • f-i /ittrt ft K .obh3;-:   h -3 7.^ 
3 .^^/-X /J . r. 4 7 1 rt b.lbObV   K-3 7.^(i37b 
3 .fi/</i /i .b/(r)b 1 .bCvüri-i   t -3 7.^( 7b 
3 .b/(f> /• • b/t:!«^ O.v^y 7^ |y 7.21 l^b 
3 .b^b 4 .h/i^ 1/- O.^y^ 136 7.21b 
3 .ro A , f> 4 0 ^ b o «^ycAbi 7.2 1h7b 
3.hSX « .b3b7(S t'.Vb6764 7.2P?b 
3 .hb/( /i • H3707 o .vK3(r/b 7.22 62b 
3.bb6 iS • b3b3tt (>.y 7i>3ttA 7.23 
3 »Mbb /. .b336y (1.^ 7b6,3» 1 7.2337b 
3 this ^i .b32 0.^7 1^9 7 7.23 7b 
3 .b6?> A .b3ü3 0.'y6b3 7.2/. 12 b 
3 .b64 /< • b^hö 0 .V6/<6(J^ 7.24b 
3 . h iS 6 A • br;6y 0.960901 7.24b7b 
3 .ri6b ü .b»5fi o.vb/ivy 7.^bPb 
3 .n7 /4 .bi'3b (;.Vb349b 7.2b62b 
3 »M /y il .bül7y 0 .9 49 7b9 7.2 6 
J.i. /A A .b^OOb 0.9/i6Ub 1 7.2637b 
3 .b76 4 .rt lb37 0.9/(^371 7.267b 
3 «b 7n 4 .ö 1666 0.93b6b9 7.2712b 
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APPENDIX C 

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. 

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

(a) From 0.00 to 3.237 inches the shape of the cam path is derived 
from an acceleration function which is equivalent to K (1-C0S(2K L)) 

(b) From 3.237 to 10.163 inches the cam path 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 K(1-C0S(2K L)) 

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

Kl = Carrier transport rate (shots/minute) 

PI = Round carrier pitch (inches) 
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L",   "ACCEL 
IN/SEC2"»   ' 

2 ^KINT 
5 HKlNT"CA^,i:2,• 

10 KEAU   HI«    HI»    LI,    KI,   K2 
IÜÜ LEI   \;ü = O 

110 LET   Vl=Hl*Nl/60 
120 LET   Tl=   Ll/VI 
130 LET   L=0 
133 LET   S=ü 
135 LET   A1=0 
137 LET   T=Ü 
140 LEI   \=1 
142 LET   Kb=l 
145 HKINT'TIME"*   "DISl 
146 fHlNT'SZC"*   •'IN", 
148 ^KiM-hEAK   ACCEL" 
149 HK1M"IN/SEC2-S" 
150 IE   L> = 3.2372   THEN    180 
160 LET   A3=   Kl*( |-Ck)S<2*K2*L)) 
170 UO   T0   250 
180 LET   A3=0 
182 LET   K5=2 
250 LET   A2=(A3+Al)/2 
255 LET   A8=A2 
260 LET   V2=   V0+A2+TI 
270 LET   SI=   S*((\/0+^2)*l J)/2 
272 LET   S5=   < V/0+V2) «T 1/2 
273 IF   K5=I    THEN  275 
274 IK   A 1=0   THEN  28 7 
275 LET   A1=(A3-A|)/ABS<A3-A1) 
27 7 IE   A1>=0   THEN  28 5 
279 LET   A7=A1 
280 GO   Tu   300 
285 LET   A7=A3 
286 bW   TO   300 
287 LET   A7=0 
300   LET   V0 = \/2 
310 LET   Al=A3 
320 LET   S=   SI 
330 LET   T=   T*TI 
340 LET   N=   N+l 
350 LET   L=   L+Ll 
375 IF   L»=6.7   THEN   430 
400 IF   N>=   5   THEN   430 
420 UO   T0    150 
430 00   SUB   500 
435 IF   L>=6.7   THEN   900 
440 GO   TO    150 
500 PKINT   J,   L,   A8> 
502 HRINT   A7 
505 LET   N*! 
510 KETUHN 
800 DATA  2.0,   6000, 
900 END 

V "VEL 
IN/SEC" 

S", 
"IN* 

"D1ST   S" 

V/0. 

05#    7040.5995*    .9704 
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CAWS? 

TIME ÜlüT   L 
SEC IN 
PEAK   ACCEL 
1N/SEC2-S 
FLyATlNC.   UlVIUt   CHECK 
0*001 
2^6.247 
0.002 
1562.84 
0.003 
3644.44 
0.004 
6231 .34 
0.00b 
8938.65 
0.006 
11363.6 
0.007 
13145.3 
0.008 
14018.7 
0.009 
13993.8 
0.01 
13057.8 
0.01 1 
11226.6 
0.012 
8772.57 
0.013 
6060.84 
0.014 
3494.89 
0.015 
1456.49 
0*016 
248.924 
0.017 
0 
0.018 
0 
0*019 
0 
0.02 
0 
0.021 
0 
0*022 
0 
0*063 
0 
0.024 
0 

Ü.2 

0.4 

U.6 

0.8 

1 

1.2 

1.4 

1.6 

1.8 

2 

2.2 

2.4 

2.6 

2.8 

3 

3.2 

3.4 

3.6 

3.8 

4 

4.2 

4.4 

4.6 

4.8 

ACCEL   b 
IN/SEC^ 

KKUK   LiNt   2 7b 
214.2 lb 

1361.4b 

33b3 .66 

5894.43 

86üb .74 

1 1 CM 4.2 

12961 

139b6.9 

13923.8 

12866.6 

lU9 42.b 

8437.9 

5725*39 

32Ü8 .57 

1261 .89 

175.008 

0 

0 

0 

0 

0 

0 

0 

0 

66 

VLL   b 
iN/bEC 

7.B3b78   E-8 

U.9348b4 

3.48b46 

8 .39821 

lb.9897 

2 6. 1 78 

38 .4947 

b2.1549 

66.1736 

79.5126 

9 1 .2348 

1Ü0.644 

107.387 

11 I.508 

113.443 

113.95 

1 13.967 

1 13.967 

1 13.967 

1 13.967 

1 13.967 

1 13.967 

113.967 

113.967 

DISI   S 
I N 

1.703Ü8    E-5 

4.24497   E-4 

2.4 7/72   E-3 

8.211Ü7   E-3 

2.01931    E-2 

4.108 72   E-2 

7.32841    E-2 

0.118541 

0. 177718 

0.2bG6b3 

Ü.3361Hb 

0.432324 

0.536551 

0.646192 

0.7588 13 

0.872584 

0.986549 

1.10052 

1 .21448 

1.32845 

1 .44242 

1.55638 

1.67035 

1.78432 
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ü 
Ü.ü^6 
U 
0.02 7 
0 

0 
o.oay 
o 
0.Ü3 
U 
Ü.Ü31 
u 
0.032 
a 
U.033 
0 
0.033b 
0 

b 

b.2 

b ,4 

b.6 

b.b 

6 

6.4 

6.6 

6.7 

0 

0 

0 

0 

0 

0 

ü 

Ü0 

0 

0 

113.967 

1 13.967 

113.967 

1 1 3.967 

1 13.967 

113.967 

1 13.967 

1 13.967 

113.967 

1 13.967 

1 .U9828 

2.0IP85 

2*12622 

2.240X9 

2.3541b 

2.46B \2 

2.582C9 

2.69605 

2.«1002 

2.867 
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APPENDIX D 

POWER ANALYSIS 

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

MfR- 

M'R 

Round  Balance 

IFH = 0 

P2 + MR1 = R2  cos   0 + p'R    sin 0 =  0 

ZF    = 0 v 

Pl " Rl + R2  sin   e + Vi'R?   cos   0=0 

ZM =  0 

MKj =  M,R2 

P1 = .992 P2 = 1.290 y = .3 0 = 5° 

M' = .269 R1 = 1.642 R,, = 1.831 
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• 

LINK BALANCE 

K0 COS 5  + P  + i,R     ,,'D    J   i-O 
2 4  »"«g  ^ R2 sin 5 - R = o 

ZFv = 0 

P3-R2 sinS
0-,'^^,^ 50R2 -R3_R4 = 0 

£M = 0 

\  - .9R2 - .821 M'R,, = 0 

p3 ■ .527 P4 == .635 

R4 ■ 2.05 R3 = 2.17 R5 = 3.12 

HP = Rr V 5 B 
6600 

Where VB is belt velocity in inches/second 

HP/Link = 3.12 x 200 . 0.095 HP 
6600 

TYPICAL SPROCKET HAND0FF POWER CALCULATION 

.: 

69 
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F„ - W P,  W 
___£g__r 

g 

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

Rcg is the radius to the round center of gravity in inches 

Wr is the weight of a round in lb and g = 386 inches/second
2 

W = 1500 x ZTT = 157.08 radians/second 
60 

R  ■ 1.5 inches 

Wr ■ 0.992 lb. 

F
c ■  (157.08)2 x 1.5 x .992 . 95 lb. 

386 

Drive Torque/Round = T 

T    =  yR F 
s g c 

Where:    Rg is  the radius of the guide 

y is  the coefficient of friction between the round and guide R    - 2 32 u 
g ' 

I# -   .3 x 2.32 x 95 = 66.12 in-lb/round 

» 

HP/RD = T x RPM/63000 

HP/RD = 66.12 x 1500./63000 = 1.57 HP/RD in a four-cavity sprocket 
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3'  MAGAZINE POWER REQUIREMENTS 

AMMUNITION MD CONVEYOR 

• FOLDED ROUNDS (243) 

• UNFOLDED ROUNDS (30) 

• ROUNDS ON SPROCKETS (36) 

• ROUNDS IN SPROCKET 
TRANSITION AREA (14) 

CHAIN AND PUSH RODS 

TOTAL MAGAZINE POWER 

0.04 

7.77 

0.08 

5.02 

4- PITCH EXPANDER/COMBINING UNIT POWER REQUIREMENTS 

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 OSES 

TOTAL PITCH EXPANDER/ 
COMBINING UNIT 

STEADY 
STATE HP 

1.98 

0.86 

2.84 

HP TO 
ACCELERATION 

0.14 

0.14 

1.38 

STEAI )Y HP TO 
STATE _HP ACCELERATION PEAK HP 

0.63 0.65 1.28 

0.97 1.27 2.24 

4.96 0.93 5.89 

1.17 2.09 3.26 

0.12 

12.79 

PEAK HP 

0.14 

1.98 

0.86 

2.98 

1.38 

0.70 - 0.70 

0.10 - 0.10 

0.94 _ 0.94 

3.12 1.74 1.38 

4.58 1.52 6.1G 

71 

-*—— —   - - 



mmGmmmmmmmm*~i*mmmmiiimmmmmimmm^immmmmmmm^ 

5.     WEAPON  INTERFACE UNIT  POWER REQUIREMENTS 

ITEM 

STRAIGHT CONVEYOR SECTION 
DiRAG AND START-UP 

SPROCKET AND ROUND 
START-UP 

ROUND AND CASE HANDOFFS 

TOTAL WEAPON INTERFACE UNIT 

STEADY 
STATE HP 

0.20 

9.80 

10.00 

HP TO 
ACCELERATION 

1.10 

1.55 

PEAK HP 

1.30 

0.45 0,45 

_-  9.80 

11.55 
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