
UNCLASSIFIED

AD NUMBER
AD518320

CLASSIFICATION CHANGES

TO: unclassified

FROM: confidential

LIMITATION CHANGES

TO:
Approved for public release, distribution
unlimited

FROM:

Distribution limited to U.S. Gov't.
agencies only; Test and Evaluation; Nov
71. Other requests for this document must
be referred to Commander, Army Armament
R&D Center, Attn: DRSMC-TSS. Dover, NJ
07801.

AUTHORITY
GDS Nov 1983; PA/ARDEC Notice, 22 May 96

THIS PAGE IS UNCLASSIFIED



CONFIDENTIAL

ADo_ ,._I

COPY NO.

TECHNICAL REPORT 4283 /-

ADVANCED PRODUCTION ENGINEERING

FOR THE

105 MM XM494E3

ANTIPERSONNEL-TRACER CARTRIDGE (U)

FRANKLIN R. CHENG

,• - NOVEMBER 1971

,o( D C

PICATINNY ARSENAL ID D C
DOVER. NEW JERSEY

This ,dclumotent co'n taiins information a ffctting the national
defense of the United States within the meaning of the C
Espion~ll ge La ws, Tithl 18, U. S. C., Sections 793 and 794.
The transmission or the revelation of its contents in any
mainer to an itauthoriz(,d person is plrohibited by law.

I)OWNCR.M)I)I) AT 3 YI.AR INTERVALS

I)ECLASSI1MIEl) AFlI,"TR 12 YEARS

CONFIDENTIAL



Doc WUF 6tCII3N mt
WtANKOUN•Lt I-
JUSTIFIGAI ION ............. ..............

S................,............

BISTRIiONM1VA A31 Dt CP•S The findings in this report are not to be construed

BISI. VAAL nd v1 •' A as an official I Jepartminent of the Army position, unless

so designated by other authiorized documents.* In

DI)lS)SITION

When this report is no longer needed, Department of

the Army organizations will destroy it in accordance

with the procndures given in All 380-5. Navy and
Air Force elements will destroy it in accordance with

applic'able directives. l)epartment of D)cfensc, coy-

tractors will destroy the report according to the re-

quireinets of Section 14 of the Industrial Security
Manual for Safeguarding Classified lnformatiou. All

others will return the report to the Scientific and

Technical Information Branch (VA6), Picatinny Arse-
nal, Dover, New Jersey.

I

I')

S. . . - .. . . .. . .. . . ' ' ". .. .. .. . . . . . . ... .. . . . . . . . . . . . mr ... . .. N I I I It



1IONFIDENTIAL

I\[)V1\N[ Ih 'P II )HCIJII 1Wl I [,'
I (JH 1 M1

urI 0 1i XV1,941-3 \N-1 I UNYM) I[-1 -I PAC 1. 1L(,AH I *I I' )(, i ,

FRANKLIN 1H UilN(W

NUVEMBEP 1971

AMMUNITION ENGlNL.IIHINO- DI HI CI OH/UKT
PI CAT INN AHSENPýL
DOVEP, N~l 3FHPI Y

!1i stri buti on I i ted to u ý nove rnmoo E
Test and L-val nation' N(.;'olbe, 1971 Othel e ~
thl 1 docuiiient. Ilu5 t. 5e refer ed l o !)I ~x 'I

12 ~. \

t ~ ~ YLR I)WGHD A1..yL N 1 V Al1 S,
D D CIA SS I F I1- F) A fT I I V 1 I A!S

CON FIDENTIAL



I A L'L 01- WN(I 1 !0'S

SC (.t 10 onf',

SUNIMARY

CONCLUSIONS 3

RECOMMLN[)AI iONS

STUDY

Background 7
Cartridge Description 9

ADVANCED PRODUCTION ENGINEERING IPROGRAM

Introduction I

IMPROVED KEYING SYSTEM FOR PAYLOAD DIP]V[ 1

SIMPLIFIED DETONATOR HOUSING ASSEMBLY

FORGED REAR BODY 17

FORGED (IMPACT EXTRUDED) FRONT BODY 19

FLECHETTE-WEAVING MACHINEt-

Four-Wheel Flechette Forming Machine 73

ADDITIONAL BENEFITS FROM APE PROGRAMi,

APPENDICES

A Cost Data 2
B Test Data 1

TABLE OF DISTRIBUTION 33

ABSTRACI DATA 31



(U) U ,1t\!kY

ThU 1rOlma1-y Ob.jectivt or th Ad atd .nced I'tuduLt It: [.Irif.ci t I, 'iAlL I

[)t Ourj(III bLy O...( llWMiL0 1 t 1 011 I P11i . 1rh W [)I I CLW d1(_ 2ctuiO I t' I/Ut1l [ I i'ýl li t : I 1 (I
La!ioratory was to resolve troductt u L bottle reck,, II tt,& r'drlul 1(iturc
oi t t echette ammuni troti and 1)rovide a cri t 1cdl cindl yI r, 1 1 th C)I.,rie 10 r, I , )j1,
Anti personnel (APL1S) P!rojectIle I o tthe IObmrii X`1494 bnrituI(2rsut~rrJ- 1r,,ce,
(AP)LR -I) Cartr1r,(e prior to )1roductbo .t tu , I tudy v.,'cid a lsu Lu dIe t( Mlti
the producibill ty o1 the var] ous metal 1t1,tt COlTip utuit, and .u (Cre '1 r

colp o tnei ntL where necessary I or cunomi .l t p oductioi dond 0I uo, tarc rthe

overall effectiveness of the projecti le

Several inoditicatioons were introduced V,,10i 1C ,Ov1.In" Lcost SýnI
both through si nipll 1ed production p~rocedures-1 and ul •1zantior, oi 'iore

eco0nomic materials As a result of this st.d,, d yut i, tl rjr- ,it

iii the cost/effectiveness ol tile projecti le * aias heer rea I 2e0 ThTe 1aLu.r
manhours required to produce a sinqle unit ha'e hecn reduCed • 2 ,.
and cost of the raw materi als has been reduced bY 37 2 Dl '- stu(,I

further res ul ted iI the X,1494L3 Cartridqe wi th a 1or e eU ec vcuI I , LtI(

Projectile (Fiqure 1) by virtue of an increase in iayIload o01 9 d0 o0 0 o, tI
flechettes or approximately 11,.

Among the mos t si gni fi cant technical accopiql ishmients, tesul ts,1 . I ro'.
this study is the development of an improved metlhor o1 a semblIno
flechettes bv use of a weavi nq method. This I)reaKthroum. e nabled to)e

manufacture of Beehive ammunition on a mass production Las is for the
f irs t t ime Other services which utilized the concept of ýý,,ea~inq

tlechettes to facilitate loadinq were the Air Force (2 79-1 rch !ocket

and the Navy (81mm MK-120 Mortar) This single breakVthouoh'• resulted ir,

cost savý,ngs of $3.8 million validated in FY66 and $l4 ni• ion follo\,-or,

savings in FY67 which is in excess of 18 times the $990,000 budieted lot
this APE Program

It is also significant that the round developed unde• this APF Feasure

was utilized for limited production (LP) and will also he used lot- toe

Engcineorinq Test/Service Test (ETISl) Limited production reosbirements

were received in FY68 and productlOn OT the product improve.ed round res CloI t,

from this APE was accomplished by the metal parts concr• cotoi<'t' ,I
production probleems and waiver requests Pr'ojecti le hardware was m•de

available to the loading plant and initial deliver-ies to thc use, i ,oceeoel

on schedule The beneTit of tr'., APE mesu( e is 0rtier c\ ioenced !\ the
eli-mi na ti Oil ot major p rodu.1iton probLIems noimally experien cec in miitial

metal parts production.
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(C _ CO 1 CLLU',lOtU6 LU)

(U) An analysis of the results of the AlL program for the lO1rnv Xt1494[.3
APLRS-1 Cartridge (Figure 1) led to these observatiorvn

The engineering effort resulted in a substantial cost reduction
in direct labor and raw materials for manufacturing the XM603Ll Projectile.
An estimated cost saving of approximately $25 per unit below the 1,'&D ver-'iirI
can be realized based on an annual production quantity of 84 ,O00 rounds
(Appendix A).

XM86 DEIONATORS -7

M7 RELAY AND XM87
DETONATOR /

PROJECTILE XM603EI /
EXPELLING CHARGE

ELECTRIC PRIMER

MARKING DYE

MT XM571E3FUZ-

TRACER M13 --- FLECHETTES
APPROX. 5000

\--CARTRIDGE CASE 105MM
M150 OR MiSOBi

PROPELLANT MW

(U:) I !(L!IK t

IO *)MM XM4'_41 ) A111 I 6 'Ai PtI 'i cO N I , i:, A>'•,
(IHU tJCI 1IN NINI W rNl I) V1 k'I ,',%) (C )

Several basic innovations -- such as the development of an
improved method of weaving flechettes -- greatly enhanced the manufacture 01
a family of Beehive rounds.

In addition, a few major design chanqes were adopted as a result
of this study. Among them, the use( of a serrated keyinq system to key the
flechette bays together, which utilizes setback forces to emboss the outer
spacers in lieu of a bent tab keying system; simplified relay and detonator
housing; and the use of forging and impact extrusion for manufactuliinq the

rear and front projectile bodies, resnectively.

CONFIDENTIAL 3
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A [)uscrilti on of 'id Ut1d M.Urm' I(,' t I h r()duLti(,ri-Lr•,l nu rtr((d
(PL) projuctlI lus , whA Ih w I1 id I utud tiL r IU llul,,t rur', 0i tI,(- I' d(2 liIi.

wayý made ivai Iab e I 2 o t')u ';•) ,c'r iwt, n t

It 1s cUsl durcd th at theu muý, t u orpur Lonu t ;1)2 to itlt! ot(
dn APL of this type 1 M telore jiruduc ton WurUtult , thL urqti.t
requ remcrLt for this i tuM, wRIcO ru ultud in LP dutltIW r" Or Q( Ti'-
C]assificat Ion (1C) Uccurred aIter th2 AlP Ip r u u( arw cied ru' ult(:d int I(:
APE deniqri buin•i utilized durinlj product ion
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hIs A\PL trira' re utd L rId!1~ tr 'iI~

develOpilebt ()t dll 1 icc (t2-w i -cc 1) bU Ll IW t' a

cost sivirnils and maxili zud I)rudurý IW hlIiLy ot thu I() IJ i r vYl t k
P r UjectLeL1 I t d lSO V I( t Ud 11y t2lI I IcII )Ut d d (21ln al 'I (1 1r lI
un,,uunteretd I n product 1? oiiu thu2IIL jI' ' 1Ujt (2 IcUta cii d~'it (IL

* ýericI t~ 41 rum th, ¾, AIT 1 nvust lqdt on of tW Vd i6 u 1u~ 1 _ ',LW! 1110112t
o i;i1p)r 1 s 1r1i L ! he pr 0jeC Lt 11L!le nd Its MItL~d I IM t.1 (0mIiicr'nt, ut u. 1 1 k~l ICahl

li ce thQ heavy 1 t(211S that rlakc2 Up the (he I I h oU yh U 1~Llii

cO t tht2 mus t to produce

AS a general rule, it is ,ur~jcjt(2d thot Al mt2lcu¾rt2c Ilt- i' ti toltd
w h e r ever po,)ss bIu, onI hard-to--miake2 dI!llUn tLICn tm i (o ru

t2' Iu I a r p)rotd uc.t ion to d e-bu p)L, rodU C.tio 1 ri 0rn 11' 1) fc 0 e u ru L I'' ' LI
in del ays , si 1 ppales , viai vE2r r eques t,. mnd h i iii,ýw ý
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KC) PIt PI

Ba..kqr ound

(U) In its early staqu (Ii dv_!ol•ilret tr t i
the (HowI tzer-desi qned) XM1380 Prol(t 1 l .v orltd hi •, a ,ut t i a!
gra i 1echettes toqether with the 1 3o'' Uechai cal h) K', 1 1
standard 10 5Umii Tank Guni Cartridge C a, r2a i,- d ti %. ,toi d rd , i I

igni tion system. This cartridgeu dc, in ,,'a de. I(Ilt U 1.1 ,

( U) It was ori cjl 1a l1y lrOposL'd to un,(. ttil:.' ..

developed for the 10ldb Hl MI03 Howi tzer fur the tatr. ,ij;1 , ,
projecti 1e component for the 1 05mm Xt11494 A'.P'K,-i (art ,, 1(
would enable t he de elopinq agency to p rov vde t •' 0 " ar4 ,. ,
muni tion in riminiimal time, HIowever, the re w.;ere dI I c. ,- I I
this round in the ii mi ted area oi the tank 's ntct lotr . t,,, t , -s
MT Fuze, graduated in one-second ncrementis anld set wit; tI TuZ>'-,Ut,-
wrench, could not be effi ci ently handl ed. lo overcoie ro: c" .
hand-settable fuze would be requi ted. I n ad1i ti oh,, tc ot,-a" .
length of 43 inches requi red that this ammuni tion 1ust Le -t, ,
ready racks only, since they would not fI t in the, stotr fe t-,,

(C) In June 1964, a revi sed Small .eve 1o ment Pe,au, re'-r,, L
was prepared incorporating des 1i ( chiaractet I Sti C, LO CC)Tv I CC ' i0 ,0,

probl eilis and the round was des i qnated X'.',-4 [2_ Cartr) dne . "o'eta', a t t ";
the Army authori zation was received for the develo irent (, ýa ý' •
ran e fuze graduated in 200-meter increments i1 no zero Ci IT,'t.2 .
to 4,400 meters and hand-settahle The ILe v.a, do:,1,lnatei :cc
XM571 MT Fuze. The maxi mumi overall length oi in cart rdrki a,-
reduced from 43 to 39 3 i tiches to tac Ilitate hand 11 ni • •, .

the IM6n Tankk

(C) The revised SMiN enlarged the ur'ole o' the •ec') ca
I or the 10 51mw M68 Tank Gun to i ricld ude e in di rect I Ire aC d, ,1.I"
personnel , he] i copters arid u11ri1rio red or I Iq g t I atm" ed o \In i e b1
The roun d was also to provide C(lose-i S defene al t er0, '. e 111 1t
at tacks arnd have a capability ol e iaiin( loa.,-, 1 , i(II. lo,.' I' 1,' ,- ,
he] i copters

(C) 1Duringm develoopment of thie iimpioed o altr- d(tde. Us ,. , at'i
that a newly des1ined 1 3-grain l lette wA'W s ý)l 1 lo"b" I i , ri -

a n d anti -a ircraft charactet itics desl re d Lv deiP. t \L',', 1e% n _'' n'
that an increase in veloci tv would add T) ohe ' Itet Ile r 1r a
effectiveness. The XM494 1 Cartr1d,Ie wa. a•t•i0'i el ' ,,r Jce lomeni i n
July 1965 to i ncorporate these new chararte, i, i ½ r.,.. '-mýl .
contain 4 ,500 1 3-grain flechette; 1rid haVe I -LS : 1 t ' ' 'o,

CONFIDENTIAL
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(C) TABLE 1

105MM XM494E3 APERS CARTRIDGE FOR THE M68 IANK GUN
(PRODUCTION ENGI [EERED VLRSION ) (U)

COMPONE/NTS

PROJECTILE XM6O3EI
FUZEMT XM571E3
CARTRIDGE CASE MI50 OR MISOBI
PRIMER, ELECTRIC M86
BASE PROPELLANT CHG. M9
PROPELLING CHARGE M6 PROPELLANT
PACKING 2 ROUNDS PER BOX

eAL L/ ! ! T/4O 7#4
PAYLOAD 5000 FLECHETTES(13GRAIN)
MUZZLE VELOCITY 2700 FPS
PROJECTILE WEIGHT 31.0 LBS.
RANGE MUZZLE ACTION TO 4400

METERS LIMIT IMPOSED BY
MAXIMUM FUZE TIME MARKING

CARTRIDGE LENGTH 39.3 INCHES
FUZE HAND SETTABLE MUZZLE

ACTION (OTO IOSECONDS).
CALIBRATED IN METERS,
4400MAXIMUM

TRACER 5 SECONDS BURNING TIME
DISPERSION 200 CONE OF FIRE FROM

POINT OF INITIATION
CONFIDENTIAL
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(U) In February 1968, the Department of the Army hi•(u oit ut,ýOIlt
require:,.ent for a limited quantity of Beehive rournJ, Tfor, tw MW" I i

Gun. Fortunately, this project prcgrussed •uffi i 'r~l
iul ck rcsponse to this ruqui rement with a n early detl I .i w' u I I ,.

the pilot lot tooling developed for the projectile As ,:'Al t t: t:
105mm XM494E3 Cartridge, which resulted from this pro(' rwi., ati, ; I ,I 1 ,
the 105mm XM603EI Projectile containing an additional 50() ie, t

(5,000 total) was type classified for limited production (k'11'). lhib
cartridqe is scheduled for TC Standard A in the Third Ouarlei : I•/ý

Cartridge Description

(C) The 105mm XM494 APERS-T Cartridge was developed for the bIh,

Tank Gun used in the M60 Tank series to provide a close-in (zero rirn;qe)
defense against massed infantry assaults. Additional APF'RS fi4.tr.ower
capabilities are gained using the cartridge against exposed ereilv
personnel during tank/infantry offensive operations. A secondary fire-
power capability is provided against lightly armored vehicles and low-
flying aircraft.

(C) The XM494E3 Cartridge weighs 55 lbs. with the overall lenrith
of 39.3 inches; its components include the Ml50 Cartridge Case, the
M86 Electric Primer, the M6 Propelling Charge, the Ml3 Tracer (five-
second burning time) and the XM571E3 MT Fuze. The 5,000 (13-grain)
flechettes in the projectile are arranged in seven tiers. The forword
four tiers are ejected as a result of fuze initiation followed by
functioning of four radially positioned detonators which tear away and
remove the forward portion of the ogive skin. Centrifugal force then
adds to the flechette velocity, resulting in a 200 cone-shaped dispersion
geometry. The rear three tiers of the payload are ejected by a piston
plate which is propelled by a base charge. Additional velocity is
imparted to the flechettes by the action and centrifuigal for,"ce disperses
the flechettes similar to the first four tiers.

(C) The flechette payload can be released at either muzzle action

or anywhere along the direct fire trajecto'•y to 4,400 meters. 1he

hand-settable fuze is shipped set at muzzle action; this allows the

gunner to quickly set the fuze at 100-meter increments starting at 2' 0

meters. The gunner can adjust fire by observing the tracer on the aft

end of the projectile and the yellow dye which bursts into a yellow
ball when the projectile open-. The m vzz~e velocity of th' .artridr1

is 2,700 fps. The military characteristics o'. the cartridqe are detailed

in Table 1.

9
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(U) ADVANCE PRODUCTION ENGINEERING PROGRAM

Introduc ti on

An APE study was authorized to extensively examine the XM603 Projectile
(R&D design) and provide an evaluation for manufacturinq methods and
processes

In February 1966, Picatinny Arsenal awarded Whirlpool Corporation
of Evansville, Indiana an APE contract to make a critical analysis of the
XM603 Projectile for the XM494E2 Cartridge, which was ultimately redesignated
the XM494E3 Cartridge, This study was to encompass a production
evaluation of the complete round which would result in redesign and chance
in production methods and processes as necessary. Results of this
undertaking was to incorporate various design changes into a Technical
Data Package (TDP) suitable for competitive procurement To support
this study, the contractor was to fabricate bench type equipment showsiOna
the feasibility of manufacturing and loading flechettes for the existing
XM603 Projectile, which resulted in the XM603EI Projectile.

The contractor's task was to redesign, fabricate and test hardware
to provide an economically producible round. The results of the study
were significant. The following paragraphs will discuss some of the
noteworthy accomplishments, Projectile redesign under this contract ,,'il
be discussed first, then special process equipment and finally a summary
of all tasks. A summary of the test data which resulted in the adoption
of the design changes is in Appendix B

• • , : • •:n• 'i " . . . m ' 1 • ' •-II l' |
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(U) IMPROVED KEYING SYSTEM FOR PAYLOAD DRIVE

Under this APE measure, a concept utilizing an improved and less costly
method of keying the outer spacers to the support plates was conceived and
implemented. This keying system consists of knurled serrations near the
edge of both sides of the support plates in lieu of the bent tab design.
Figure 2 shows the basic concept in schematic form and illustrates how the
aluminum outer spacers are coined by the serrated support plates. The
resultant embedment serves to drive the payload. This test-proven concept
has not only been applied to the 105mm XM494E3 Cartridge, but also the 105niri
XM546E2 Cartridge; 106mm M581 Cartridge and the 90mm XM580El Cartridge.

The estimated savings of $9.96 per round, as noted in Figure 2 and
which applies to an FY68-approved LP procurement of 20,000 rounds for the
105mm XM494E3 APERS-T Cartridge, represents a cost rtuuction of $199,200
in material and direct labor for the concept.

SETBACK FORCE

STEEL SUPPORT

ALUMINUM
~~0UTETR SPACERIj~~

DIRECTION OF BEFORE FIRING AflUR FIRINt.

TORQUE TRANSMISCION

COST $2.92 COST 1.26

COST SAVINGS $2.92-$1.26 $1.66 FPk; RAV

SAVINGS PER ROUND BASED ON AVERAGE OF 6 BAYS $1.66 X 6 $9.96

(U) FIGURE 2
I05MM XM6O3EI AFTRS PROILCI ILl

BENT TAB VS. SERRATED KIYING SYSTLM

13
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(U) SIMPLIFIED DETONATOR HOUSING ASSEMBLY

The detonator housing assembly was redesigned to reduce the loading cost
and the number of component parts. The redesigned assembly consists of only
two metal parts components: a detonator housing and a spacer. This simplified
detonator housing resulted in the elimination of the retainer plug, two
cushions and an 0 ring. A comparison of the costs and the resultant unit
savings is shown in Figure 3. This redesigned detonator housing assembly is
applicable to all other fuzed Beehive Projectiles. Application of this
product improvement resulted in a validated savings of $87,909 for the FY68
and FY69 buys of the 105mm XM546 Cartridge in addition to an estimated savings
of $7,800 projected for the LP production of 20,000 rounds of the XM494E3
Cartridge.

CLOSING PLUG--
SPACER -•••

M7 RELAY -C XM87 DETONATOY

~ TXMS 7 PACKING

XM87N DETO N ATOR

OUSIG CUHI~~ £M REAY CR LHOUSING

PREVIOUS DESIGN VALUE ENGINEERED DESIGN

SIX 6 INERT COMPONENTS TWO 2 INERT COMPONENTS

COST S0.48 COST $O.09

COST SAVINGS $0.48-$0.09 z $0.39

(U) FIGURE 3
105MM XM603EI APERS PROUJCTILL

RELAY AND DETONATOR HOUSING LOADING ASSEMB1LI1S

15
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(U FORGED REAR B0OD

The R&D version of the rear body of the XM603 Projectile specified AISI
4140 alloy steel bar stock which required excessive amount of machining tt
meet the dimensional requirements. Under the APE program, it was determined
that the rear body could be made economically from an 4140 alloy steel
forging.

The 4140 alloy steel forging design proved to be reliable in ballistic
tests under all extreme conditions and under excess pressiure. As a result,
the forged rear body was incorporated into the TDP for tht 105mm XrA603El
APERS Projectile. Metal parts suppliers for the FY68 procurement utilized
forged rear bodies for the LP of the projectile metal parts. Figure 4 is
a sketch of a blank forging showing minimal metal removal.

.--"-- __ _ _ - -L,,D -L,..,-• -L,_,__ .L_•

r~

fL

Jj,

7.059-.015 --

(U) 1- ICUML, 4
t-ORC;ING BLANK Fok tkIAP I •)'A

105MM XM60 5[ I APLI: .i ILO.,ItI C l11t
(tRODULCTION I NGIN[ R V[L W , ION)

-7
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_U2_FORG[D jIMPACT LXRUDED). RONT _BODY_

The use of a forged (impact extrusion) aluminum front body as an
alternate to bar stock or heavy wall tubing was investigated. Both
static and dynamic testing proved that the forged aluminum Iront body
would fracture and open up as intended on functioning of the XM86
Detonators. As a result of the successful testing program, the use of
an aluminum forging was specified in the TDP.

The two firms which fabricated the metal parts for the FY68 buy
availed themselves of the reduced cost resulting from the use of forgingqs.

A drawing of the rough forging blank (Figure 5) shows the minimal
amount of metal removal required by a properly designed impact extrusion.

-6 ------------a so

_UcT MACH 4 037 1 ... 0-

12/urC-IE T MA, .,A\ , , _

PEf~4300*0 38 t.0 016 R NOJ t 2CoiK U1 1 Lf-0

Z I

44- . 'zr

15-• " t \ A
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(U) FLECHETTE-WEAVING MACHINE

The key to mass production of the XM494L3 Cartridge as well as all.
other Beehive rounds is the ability to process flechettes, rdpidly into
loaded bay assemblies. 7o meet this capability, a flechette-weavinq
machine was conceived b, Picatinny Arsenal engineers. lhis machine
(Figure 6) exceeded all'pt'oduction expectations and is recognized as d

major technological breakthrough.

BCWL FEMIMEQ

ACTUATE THREA. (UIJDh

(U) I I (A)Lik
I H CHI 111 I(),\D) I V,~M~C I NI



1 hi ý mach i ne wca ve, filce At teu i nto ci th reoded bl it twrldoi ee stylie
(Fi qur~e 7 ) wh ich Iadci i i tte,, 1Odd~ i n(; i rito bdy d', , ub1I ie-, 'I he I I uchet tc,,.

awe ai1 t~ertwtei I)I - it i oned no,,-,-to.-tailI inr the ( bel t by WeaýV i I)q wqithI 0., 00? -
inch-di amieter nyl on threcad. Tetpr'oved thot the oj)t im I~In ack irq dere. i ty

of th,! paYloid car) bei obtained by wOe ii0 the wovehr Ielt. byridii t ( .iI
proved th'i t weIv i liq thue fi echc'ttes di d riot advet ,u ly di luct d i (Jtr~i LDt i or,
ot the payload when tne round functions,

A-ve 7-4 7T

9.?/ 9980
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Wi th mi nor vari ati ons , th 15 mach ine wus, adopted hy every b eci ey've mle tal
parts producers as. the standard production method for, packaging f lechettes

The high-speed produc-tion method developed under this, program had a
signi ficant impact on the rapid pr( duction anid deploymenie't of beehive muiimtions
for howitzers, recoil lessý ritties dnd (io jns,. Other sCrv i 02" WIhIi U I uti 1 i zced
theý conIcept Of' weavi ngj IUlechettes, to exped i te loiddirno we're the Ai i I orce ( for
the 2. 75-i nch rocket) anid the Navy (131mm MK-i 120 Mortar ) . This single break'-
through resulted in cost savings of $3.8) million validated in HY66 and $14
million follow-on) savinqgs in FY67 -- which is, in excC-ss of 18 timies the
$990,000 expended for the AL'L program.

Four-Wheel Flechette Foriýiny Machine

A s tudy was performed to determi ne the f easi biIi ty f or mass p)roducti on
of a four-wheel rotary flIechette -f ormi no machi ne Ildbt i cated under, a previ ous
contract (Figure 8). This machine, with a capacity of 4,000 flechettes per
minute, will replace approximiately 10 modified nail headers_ presently used.

7NA7

IV v

2Wl111
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I) i e devulI opmrerrt c-urti nued under th is con trdct Also, the machine
was, further nimproved by addi tiron ol a c-ooli1nq and 1 ubr 1 cati og sycsteii, to
1lubri cate arid ria1 ritdln thu dies at a -onstant temtpucatut e T he te,,ulI t i ny
srtta1 1 pilot 'lot oi ludihuttes proved ltý fed, ,i1-)1 1 ty Art diou t ioricn]
on trac t provi1ded to r 1 nve!.tbji ,tt iorro 1 va ri ous, rrtte ri al)s , too I stee-

hrardne~ss , anid I ur thur 1 mrpr o vumtertt 01 des, 1 (jfl A 11i na p roduct ion I Urn
was conduJcted us n ij punc~hes) of desi1gn and1 iii ten' i di 1 deve I oped Under the
prev/i ous con tr-ac t and it. was, det rnim ned that add it ionalI ti nor r eli 1nurments
to the punch des i rIn woulId be requi red bel o re the I out -w,,heel mta chi rie
coulI d ful ly qtita I ity t or con tti nued ptroduct ion Us aqe
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ab~cA[) d) I ~tUI,, ()q I\L U k L.f I I:) I 1,W1 Alo

0 1. C) I c L Uc l 'I U~, I ~ I '. (I I f i t I~, 1 ,1 , 1 u L, C~ I t Ie I (jd 0 1ass ri ii ig t echt.ttuý W u )Cnft t'U IU I t (, IClt L' ( 1 , 'Illi 11 ( o C

XML1 90 LI Call i ~tur tnd 90mm XSt[I AP'LP',- IC (tf LI I dkI, L O It je
tull ii led

As i lid : ca, Led , th 1 2 imuthud or a,,s ueT I 1 njI I L 01 ( uf t 1, u ', < a-ý 'i, (-'(
to mee t producýt IOil ruq u I re CiIlrit 1 o r nurll L I li'" Ouit) r1c tVtIJL iot - tIIIt2it (0
the A ruiy s- spec ifr tallyI. lie 2 7 L, -I II 4[0 ". /f T c, u'a br
the A ir Fo rce arid t.he 81 mmi 11K 120 APlL P11 2( I I- ute ttc u Td TO tl( cVov

In a~dr tori, thIS 10 lir.1i1ipi riot 01,1]I 1110 2' A2 t~c i tII 1,UJUttlOtt
potential at these munitions , but also rc ulted in co,'i. Ia mr ý It. tlIL
requi red machi 11cir)'.

1 he Lost ol the f i uchctte--l oadinlq liacl1 no. d(2\ulutI dut ly i10 s
p rogramn is 1 us th ani $10 ,000 a nd I t lir oduces I I e~tiette,' at ote CLL
2,000 pa rts per iii nute . Como ar ed to b q ea r Wi eI Oi),d(-) to iiett LS
requi remrenits costin Sr 20 ,000 whiich operoted al d rate- ol 100 & J'C-r
m inute ,, the production capabiliity lo( 6nr eAenditote lor caiiit
equipment has been increased byv 10 times

It IS noteIworthy that the basic concept lor ne,.% Lt~yinoi ý\S te" .'i
the fi echette manufactri nq arid 1 oadi nq oieviceý, p)r-e\,iou, O 1 ii U- ut l dCC
were conceived by Picatininy Arsonaý enqjineers (lo, kl -cli I'at.Cnt
appl icationis and patent all Jowarices have b~een assi q1ned)

As a result ot the APF Proorai' s comj~ieti on pi, le tý. Uie n1 i C
Test,/Service Test iLT/Sl ) phase, the design %%,i II1, be used Owf in' !-T S7
This has the advantage of TC o1 the desi tn Ilanried lot ulroductit 1H i
Thou] d be noted tha t prOdUC tiOi 01O tlIII sý ajes) (ti, hý k2c~c 1.111rCl(,i' t '
s hake-down pe r Iod due to an1 LP re-1u i reinen t , anid nI)ro 'lect* les for [11
were, itanut actured by the LP prioducer In addi I ti on i tile P! VAbIl" I
Projecti1le containrs approxi mate iy 500 imo, e -,lotliet~tes tnimn ifi X'i .3
round - -reso I ti rio1 in improved 01)t I Voct t,'

Furthermot c , many ot the des ign Coricup~ts ;) 0\' e I (1 Ii tj It 111S iOia

are app' I icab]le and ar-e s ched ul1ed to be phasýed i nit o)0thi I LCell \ C- MLOn t 101-
i tems , as they are tested and im til emeiit 01( ý in(Ce L2VCI i ' tU1 CA'l ', lCfL~C,

di treri sebak and spi n luifce2, inimerent n I toe pot t 1 (-LAIar veljo(-n

Systeim, ba 'istic testintg and modii icatio toi 1 uecoarintwý Wei ~i
on an end - i teni bas



Additional production improvement programs are planned tor other
Beehive rounds For a long time, Beehive ammunition had t'- re.ut:t 1 on
oa beinq costly However, PI measurcs of this type have si iificantiy
reduced the cost of these compleA items to a point where it rIonrer

represents a logistic block, Production ol this ammunition car, now
be based solely on User requirements
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(UJ sIJPmI\Ry 01 1IM (,()1_ II \i)(S

l0 TII I [q
R&) AND I'l IlR , JLL I ! .V1 . •'

dbo r I oI0or '10 t I o1 0 '1"In IE r iI

Ilo 1 I!(, w ' " {eo t [Lust

Name ot ParL Pr Ior AII Pr , 1.!te r
SPF P. u [.1 P I

t'•t udy t Ud1Y Study btuoaY

Body, Front 0 26 0 26 Si 30 S0 05
Body, Rea, 09 0 69 U 4 S 5: 40
Adapter, Fuze 0 l/ 0 14 S 1 40 S 24
Rotat'ng Bands (3) 0 009 0 009 2 1 (_)9 ) 89
Detonat.o' Housing 0 014 0 0,0 0 0 013 SO 01
Plug, Retainer -.-.-.-- -. S 0 07

Rubber Cushions (2) ----- - ----- S 0 2 -

Preformed Packing ....... ....... s 3 r0 6 ------
Detonator Spacer 0 004 0 005 S 0 00oo;' SO ,r'
Flechettes (5,000) 0 07 00w S 2160 S! 60
Outer Spacer, Bay 3 0.G4 0 03 S 07 95.S 0 44
Outer Spacer, Bay 2 0 0/4 0 044 SO 51
Outer Spacer, Bay 3 0 074 0S 0 83 SO 5
Outer Spacer, Bay 4 0 09, b5 52 S0 8 50
Outer Spacer, Bay 5 0 Li56 020 S 0 65 SC' 09
Outer Space,. Bay 6 0 050 0 020 S 0.69 so 0;
Outer Spacer, Bay 0 0 020 S 0 5.1 S 09

Froot s c 0 22 0 012 S 0 06 so 0 6
Inner Sn, acer, B ay 1 023 0 02 S 0 8 SO 06
Inner Spa.e;, Bay 2 0 022 0, 0 S 0 08 SO 0

Inner Spaef , Bay 3 0 02 0i, S 0 ,9 1S '

Inner Spacer , Baý 4 1) UL'2 0i 'K C 2:,
Inner Space' Bays 5, 6 & 7 0 03) 00.. S 0 30 SO 30

PayIaci L, jeuon Pson U 0K, 0 S 0 0 SO 22

Rear F, Ush TuteC 0 0I ,: 0 ()A4 S 0 36 S 03C

Front Fiash Tube . 0 05 . .. SO Ii

Propel iont C, lt,- L neI.) -.-, so 005

Propei 1ant Cover Li i'U. U o 0(04 0' (04 .0
Suppoct, 3ay 1 1 0 (S 0 01 0 I 1

Suppo, t. Bays 2 & 3 ' O) , 0 , 0 ,14

)uppo' 1, ay 4 0 0'3 0 0.)o 0 2? 50SO

Suppo , Bays 5 & 6 00 0 010 S C20?0
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Labor Labor Materi a I "lateri al
Hours lours Cost Cost

Name of Part Prior After P1 rinr Alter
To PL PH Io IPL III
Study Study Study Study

Rear Body Keys (2) 0-032 $0 06
Ma-ker Bag 0.002 SO,O6
Marker Dye - 0 02 $0,02
Marker Dye Assembly 0.006 ........
Inner Spacer & Front Disc Assembly 0.004 0.004
Plug 0 014 0.014 S 0,03 $0.03
Disc 0.0007 0,0007 $ 0.002 SO 002
Plug & Disc Assembly 0 017 0,017
Cushions (4) 0,002 0 002 S 0 05 $0 05
Protective Paper S 0.02 $0,01
Base Charge Parts Arrangement - 0 24 SO 24
Gasket, Closing Plug S 0 03 S0,03
Closing Plug 0.004 0,004 S 0 3C $0 06
Body Assembly 0 15 0-15 --
Bay Assembly, Bays 1-7 0 36 0 36 ........
Payload EjectionPIston Assembly 0 01 0,01 S 0 01 so 01
Base Charge Loading Assembly 0 003 -------- ---
Ejection Charge Loading Assembly 0 008 0,008
Assemble Projectile 0 23 0.25

TOTALS 3 265 2,540 S32 462 i $20,367
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COST C tMPARISON

R&D XM603 PE XM603E3h Net
Projectile Projectile Saving

Material Cost $32.h6 $20.37 $12.0)

Direct Labor @$3.50/wr 11.43 8.99 2. 5h
(3.26/hr) (2. 51/hr) (.72/hr)

Burden @235% 26.86 20.86 6.00

_A @ 10% 7.08 5.02 2. o6

Profit @ 10% 7.78 5.52 2.26

Unit Cost $85.61* $60.69-h $24.95

*Cost comparison of the two projectile versions was made as a part
of the APE study and was based on an annual production quantity
of 84,000 rounds (7,000 rounds per month).

Reduction In Labor Manhours:

$3.265 - 2.54o = 0.725 x 100 = 22.2%
3.265

Reduction In Raw Material Cost:

$32. 4 6 - 20.37 = $12.09 x 100 = 37.2%
$32.46 $32.
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