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SUMM~Y 

A 1n.1chiTlin pr ram ·.ras conducted t o produce GA:J - 8 uranium alloy 

p netrators, u in industrial facilities and procedures. Ther were 

two additi c- nal oals of this effort: 1) t assess the relative 

m,1ch inability of two basic alloy types (U - 3/4 Ti and U-3/4 Quad) havin 

vario us minor comp sitional and M8jor processing differences; an~ 2) t 

1 - nera t a cos t e stim:1 te f r a 1ar er pr oduction run f l ,OJ0,000 

p nc trat rs. 

The s tartin~ mat rial was in the form of six-fo t len t hs of extruded 

bar st ck in the s l ut ion ~eat-treated conditi n. Prior t r ece ipt f 

this ma terial from Nati nal Lead f Ohio sp cia l facil it ies wer e 

e tabl i shed for the safe dnd proper handlin f uranium. In additi n, 

a es and t o lin wer e desi ned and fabricated fr use in this program . 

A tota I of 3 ,6 33 acce ptable pene trator s wer e made. The ma in pr b terns 

encountered w_re n n-linearity and p or dia~ter uni fo rmit y of t he 

suppl i ed bar s t ck. In t e rms of t o.::, l l if and machining speed , on f 

the U-3 / 4 Ti mater i al s showed the be~t machinabil i ty. Usin th daca 

e nerated in th i pr o ram , two cost est imates (based on two d i ffe r ent 

f0 r m.3 f startin m.1terial) were deve l ped for a larger pr ducti n 

e ffo rt f l ,00·), 000 pe ne trators. 
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INl'RODUCrION 

T~is m chining pro ram was a joint ef fort bf the Air Force M3terials 

Lau ratory, Frankford Arsenal, snd the A'IIIIUnition •• .. chn lo y Divisi n 

(ATD), V..AAP to establish the ne cessary manufacturin cechnolo y for the 

production of ..iranium alloy ar,nor piercing projectiles. 

The 1'. - !0 ..:lose support aircraft armed with the GA'J -8/A 301'1111 3un is 

incorp ratin depleted uranium alloy projectiles in the AP rounds. The 

Arnr1's 8Jshrnaster may als0 use a DU round. 

Extensive Re search and Develop.nent work by the Air F~rce, ArrrrJ, Navy, 

and Atomic Ener y Commission has shown the DU alloy ca:1 be m,1de into r0ds 

by extrusinn anri the rods can be machined in automatic sequen :::es. 

This pro ram has be n reviewed by and has the sup'j)ort of the Bu-;hmaster 

Off ~c ; A- 10 SPO; A lr Force Arma~nt Laboratory; E lin Air Force 8-:ise; 

Ar ,ny Materials and H-chanics Research Center, Watertown; and the Navy 

Pna tanx Pro_lect Of ficc. This program was reco"'nended as a new c operative 

pr ject by th Tri-S rvices Manufacturin\; Tcchnolo y Adviso ry Gr0up . 

In thf! past (time framl! 1961 to 19&•) a produ c tio n facility W3S 

cs tabl ished and a si :1ificant nu-nber of MlOl type pr jectile b dies 

w., re .oanufactured from D39 Uranium Alloy, MIL Spec. U-460.'.+5 (Uranium/ 

Mo i ybde n Jm - 92/8) by Remin ton Arm. Company, Inc. , under the technical 

su e rvision of ATD personnel at Lake City Ar,TT'f A"'n,tnitio n Plant. Because 

o f this experience, the ATD at td Reming ton Arms Company, Inc., we re asked 

t o participate in a program of machining DU alloy penetrators. 
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oaJECTIVE 

Tne ~bjectlve of this machinability program ,.,as to d _ter,nine tho? 

machining character i.stics of two DU allnys: 0.75% Ti an,j 0.75o/. Quad. 

The effects of relatively small chan es in the composition of a 0 iven 

DJ alloy on :nachinabil ity, the mac'1ine speeds :1nn feeds to be used in 

the machinin of DU alloys, and the effects of negative and p'Jsitive 

rake on tool desi gn we re t o be established . 

This data was require~ in order to determine if penet rators could 

be made satisfactorily on m11lti-s?indle automatic screw machines. This 

data w~uld also be ~sed in preparin a cost Cf timate for establishin 

a production tine for !,0·J0,0·J0 ,>enetrators at t be rate of 100,00•) per 

month for 10 •n:>nths on :o l-s:iift/8-h 'J ur day/5-day week/2:1-daj month. 
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Al?PROACM 

Remington Arms C~mpany, Inc., was instructed to m,tn J facture a 

maximu~ ~f 500 penetrators each of nine m,1terial conditions, suppli d 

as 11/16" diamater bar stock (strai htness o f the u~anium .-1Jloy material 

vas n t to var;, 1/4" from the l o n itudinal axis in an 6' ten ths). To 

accomplish this, a buildin was s e t up with the ne cessary machine t ols , 

wJshing facilities, ventilation cqJipment, anti wute disp sal equipme nt 

required f r DU work. Perishable too ls ·,1ere designed and fabricated. 

The mater la l sche du I in his pro ram \Jas as f l low3, with the all oys 

s upplied by N,1tional v.a1 o f Ohi. : 

URA"UUM PE_~rRATOR PRO~RAM PA.~~rERS 

A. M.\Tt:RIAL CONIUTIONS !NI.NEl 

S'J lut i. n 
~~l£o,n~- sit i onC!!_(U I~~s...Qn.u 

hl Loy T fpe M,! ~ Nb !!. !od .l!~ 

U-3/4 ti 0.65 
0.75 X 3 
0.85 

U-3/4 Qu.:id ') .65 0.65 0.65 0.40 
0.75 0. 75 'J. 7 5 0.50 X 7A 
'J.85 0 .65 0 .85 0 .60 

As Ex trud d 
So luti n N 5'J l u tio n 
'lli_a teJ!.t.~ed T r ea tioc nt 

M .No. Rod ~ • 

X 4 
:{ 2A & 2B 
X 1 & IA 

X 8 
X 6, 6AS.7C X 7D ,. 5 

fhe 'J rig inally specified bar diameter o f 11/16" 1o.1Js chan5ed t o 3/ 4" 

bar dian,:?ter. T:1is ci1ange rtc:quired the procuremen ~ of different size 

co llets fu r the mac:1ine to,:, ls used in this pro~ram. 

The nine different exp~r1mental lots of pene trators m,1d~ fro~ the 

various DU alloys ware prodw:ed on turret lathes, chuckers, a monomacic 

ta·; he, and Hardinge lathes. This equipment was chosen because 0f avail­

ability, ease of chan~ing perishable tools, m.1chinin feeds, 11\lchinin 

.;peeds, and access to make observations d rin° the machinabi lity progra.n. 
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The milchining vas done according to J~P D,:-.aving LC-S1(-982 (as 

subseq~ently amend~d). To complement this drawing , the following 

lnsfection Plan vas prepared by LCMP: 

!li5.t£CIIO.i PLAN 

1. ~r.1win6 : LC-SlC-982 dated 20 Sep 73 (subsecpently amended with 
Revision A dated 21 Mar 74 and Revis ion B dat£d 30 Hay 74) 

\ 
2. Aoplicabte Doc~mt~t~: 

MlL-STD-105 
HIL-STD-109 
MIL-STD-1168 
MIL-STD-1169 
A~TM El8-67 M? thod of Te3t for Rockwe ll Hardness and Ro~kwell 

Su;,erficial Hardness of ~ tallic Klterials 

3 . Re~irerm!nts: 

a. ':'he penetrator shall be in accordance with the require,nents of 

Drawin LC-SK-982 with all requirelll!nts of the dra~ings and specification 

shoiln thereon. 

b. !!4rdness. The penetrator shall be in accordance with hardncu 

t'equire,nents of Dra-.,ing I.::-S1(-982. 

c. Workmanship. T:1e requirements for workmanship are as specified 

b; applicable drawings, reference specifications anrl the followin3: 

(1) Processim -~efects: The penetrator shall be free of dents, daep 

scratches, cuts, sharp edges, burrs, metal flaws , e~cessive surface 

roughness and other forms of substandard workmanship. 

(2) Cleanliness: The pene trators shall be free of all foreign -natter. 

d. Defect charact~r is tic-: are to be considered ind i vidually to 

determine acceptability. 
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Maj r 
Min r 

------------ - ----------- - --- -- ----------- 0.25% 
---- - -- - - --~· ----- - ------- - - - ----------- 0.40% 

Cr it ica 1: N ne d _fined. 

Maj r: 

Body diameter--------- -- -- · ------------------- Ga ge 
LP.nth of body dlaTie ter ---- --- -------- -- ------Gae 
Len th, overall------------------------------- Gage 
Runout, tapered end with datum surface-------- Gae 
An le of lo"' taper---- - ---------------------- Gage 
Pe rpe ndic ul arity of base with dat um surface --- Ga "'e 
W i ht -- -- -------------- - --------------- - ----- Balance 

§.!.:!!l?l.e Size 

Ha rdness, 
Pene trat r 1/ l3 

l / I f two r roore units f the sample fail to comply with the hardness 

r equire tni! nts, the l o t shall be re jected. If one unit fails t o comp ly 

with th r equirem•~n, as c, nd sample c n.• i s ti~. , of rhe sane number of 

uni.ts a s specified f r t he first sample sha Ll be tested. If, in the 

a : c um lated sarnples, tw or roore units fail t o c mply with th e hardn ss 

re~ uirements, the l o t sha ll be rejected. (Since some of the r e ceived 

s o lution treated naterial had abnormally low r hi h hardness, the pr escribed 

a irq treatment fo r eac :1 alloy s ystem (Ti and Quad) r esu lted ins· me 

ha r dne ss s uts i de the r e q 1.1 ire ,nent ranJe3 . The r efo re, in this progran, 

n l o ts ,.,e re rejected. The average hardness of the penetrators before 

and after ag ing is included in the l .ppendix on Pa6e 30.) 
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The an le of the 1003 taper on the penetrator could mt be inspected 

withoJt additional inform.1tion on production drawing LC-SK-982. Revision 

A d~ted 21 Har 74 corrected this discrepancy. Gage designs were prepa~ed, 

evaluated, and approved, The gages were then built and certified . 
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RESULTS AND DISCm;SlW{ 

A. H.\CHJ?fl!~ILITY 

0ri~ina l ly the configuration of the penetrator per,nitted centers at 

b th ends. Subsequently, instructions from the Air Force reque-ned that 

th final penetrators be .,ithout center holes. Therefore, Revision B 

•,1a s rn.ide t production dra;.,ing I.£-SK-982 on 30 May 1974. The elimination 

f ce ute rs r e sulted in an additional machinln3 operation and increased the 

r qJ ired 1 n5 th of the stock fro:n 4.75 inches to 5.0J inches to provide 

dditi n,31 material for a false center that was cut off after machining 

o r aci ns w r e orr.pleted. 

r i inally it wa inte nded t, use Process "A" to m.1chin" DJ all y 

p .1 rat r s . This process r quired 15 machining elements usin5 turret 

l a t nd a H.irdin -> e lathe. Pr cess "A" is included in ::he Appc ndiic 01 

p .l l 8 . 

D I t o the c ndition .-, f the bar stock a s received, Proces s "B", sh wn 

n a •c s I and 20 of the Aopendi-<, which requires 21 michining elements 

·was u ed t o rn.1chine DU a lloy penetrators u in·7 turret lathes, chuckers, 

n a 'Tl n:, ;n.Jtic lathe. C,Jnditions of s -~ of the bars, as received, are 

i. nc luded in t he Append ix, pa cs 25, 26, 27, and 28. 

T:,e :nat rial whit:h c u td nnt be fed in a turret Lathe fo r the first 

chini.n~ eJe:nent of Pr ccs "B" had to be cut into 5-inch slugs on an 

br asi v c,1t- ff machine. This added another machining element to Process 

"B" (r f rred to as Process "C'' on page 21 of the ppendix). The machining 

operation sheets for Processes "A" and "B" are included in the Appendix 

on pa ges 22, 23, and 24. 
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Problems were encountered in manufacturin~ DU alloy penetrators. 

T:,e~e included the followin6 : 

l. Pip~.-Some bar stock had centerline voids, rem.1inin.1 from 

insufficient ingot crop?ing. 

2. !Jlconsisto nt _r~ttin-:; fattern.-Some work pieces anti penetrators 

from ~he same b..1r stock ware 1mre difficult to !n&chine, resultin3 in 

longer mac~ining time and shorter tool life. Variations in pyrophoric 

effects w re also noted for the sa~ bar stock. 

3. fccentric rarts.-Parts not truly round and concentric with their 

axes of rotation ?ro iuced a surge of pressure on the turning tool approxi­

m.1tin3 impact .. It was necessary to advance the tool radially at a small 

teed per revolution until the tool was cuttin all around the work piece. 

4. ln~erru2,ted Cuts. -There was a definite impact on the cutti:-13 tool 

every time a break in the cylindrical surface of the work piece occurred. 

5. ~rin<lln&.-The re ,roval of metal by grinding causes the face of 

the grin~ing wheel to Wdar and become irregular in its outline. Therefore, 

the grinding wheel 111JSt be dressed to true up the wheel face. When 

penetrators mr1de of Quad alloy were ground, the face of the grinding wheel 

had to be dresse, : 3 to 4 times as often as when penetrators made of Ti 

alloy were ground. 

6. Residual Stresses .-The bar stock wu received at Lake City Anrr1 

A'11Tlunition Plant with residual st•esses. It was possible that these 

residual stresses wet'e induced by mechanical straightening of the bar 

stock prior to shipment of the bar stock to LCAAP. The bar stock with 

residual stresses had excessive distortion and were se verely warped. After 

taking a machining c,Jt tht: residual stresses were relieved in the work 
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piece material. Consequently, after taking a machining cut the work 

piece m,tterial was eccentric and had dimensional change;, The work 

piece material thus stress relieved had to be subjected to additional 

machining cuts to compensate for the eccentricity and dimensional 

changes . Due to the additional machining elements req,1ired by the 

residual stresses, additional stock for grinding had to be left on the 

\ Jrk piece material. \s a result the machining ti~ and grinding time 

for each penetrator w·~re increased. 

7 . The originally prescribed sa 1 t bath for aging caused large sea le 

c rrosio n and ha1 to be replaced by a lead-tin agin medium. 

The machinability and tool life data developed during che DU alloy 

n,; chinability pr ram are r ·oow. in r-hP .i\ppendix, page 29. The hardnesses 

measured in the various alloys b.::,th before and after aging are given 

in th chart n pa e 30 oi the Appendix. 

Durin"' the :nachinability pro gram, 3,63~ units meeting the specifications 

of LC-SK-982 and the inspection plar. were manufactured from nine different 

DU all oy conditions. These were delivered to AAI Corporat·on, E~lin Air 

Force Base, Frankford Arsenal, and Sandia Laboratories. The produ tion 

meth ds, tool in~ quipmcnt, and raw naterial and inspt. ·.::tion proce<lures 

wer establ ~shed during this p¥, gram, which was co~pleted on 18 October 

1974. The most promising D~1 alloy condition fro;n machining considerations 

was indicated to be the 0.75% Ti alloy - alloj No. 2A. 
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B. CJ3T ESIIMAIE 

T:1e appropriate res :.1 lts o f the m,1c!iining program wet'e ,.1sed to ge ner.ate 

a c st stimate for establishing a production line for 1,000,000 DU alloy 

penetrat rs t ':>e prod,.1ced at the rate of 100,0JO ?er month for 10 months 

n a L-s:1if t/8-hour day/5-day week/20-day m::>nth. Recurri03 cost data 

cover the .na nufacture of 1,000,000 penetrators. This estim.1te reflects 

the following four considerations: 

L. Th is estimate .as prepa red l: 1c;ed on the assumption ':hat th e required 

qu i pmc n t , with the e. ·cptio n f e:lectrostatic pre cipitators and Sp\.:cial 

heat-tr at i n.., cq ,.1 iprrcnt. wi 1 oe available from DOD Indust rial EqJipment 

Rc!s-r vcs . It i.s also ass u-ncd that facilities for installation of the 

q ip. nt will bt? made available by th Government. A::,pro,<imately 25,00 J 

s qJa r e feet of fl r s pace wi l l be rcqJircd t house the addit i nal 

q ipment. 

2. P r is habl to:, l cos t s a re based n t he c st of t oo l s utiliz d 

du .r in:~ ;nanufo ctur of 3,63. penetrator s . Ti1e cost of setting up the 

1 in i.s sh wn S:.! p.'.lratc l y fro :n the labor anrl m.1te ria l c st o r t h mln11 -

fa t 11 r - ( t h pe ,,etrat r s . 

3 . Th is c s imlt is ba5 d n us in • DU dl1oy bar s t ock 3/4" in 

rl.1.<1 .nc ter (st r aightne ss f the DU all y m.ite r ial no t t vary 1/4" from 

the lo ng it udina l ax s in a ny 6 ' lengths). 

. Th stimate is ba cd on 1974 dollar, . 

Th mach i nin3 o perat ions fo r this estimate are shown 0 0 pa ge 32 of the 

AJ•p \.:ndix; and the pl.:rtirient f lo sheets are ,:, n pa es 33 and 34 . 
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ESTA!I,l§H PRQ:i>UCIION Ll~ 
Le3d time required to set up the production line is 10 months after fun~ing 
is received . 

IJ1b9r. BJrden and Ksterial Coats for l,OOQ,000 Penetrators 
Non-recurring Cost Data Item: 

1. B•.1ildin3 and Facilities (25,000 sq. ft. area) to be madia 
available by Goverrment . In the event the penetrator program 
is expanded, an estimate ~ill be p~epared for establishing 
scrap disposal facilities. Included in Item 1, of Racurring 
c~st Data, is the cost for packin~ and off-plant shipiDl!nt of 
scrap for dispJS&l. 

2. Eq·.1ipment required, conversion, machine attachments, tool 
holders and installation. 

3. Mhce11aneous productio·n aids. 

1'+. Fa'>ricate gages. 

5. Initial perishable to0l cost is included in tool cost for 
lM penetrators. 

6. En ineering: Establish process and manufacturing capability. 

7. Reconversion (after the pro6ram) of 18 automatic screw 
'llil:hines from chuckers to bar feed. 
Restoration of manufacturing area to original status can~ot 
be estimated .1ntil the area of manufacture is established. 

Ship?ing cost for equipmen~ from Industrial Reserves to 
Lake City Arm·i A"llrunition Plant. 

Total Non-Recurring Costs 

lte,n: Recurring Cost Data 

l. Tools, grinrlini w~eels, packing tn11terial and protectiw 
clothing. 

2. Ra-ii .i.iterial (depleted uranium, bar stock 6 feet long). 

3. Direct labor plus 250'7. burden. 
a. En3ineerin3 plus 105% bJrden. 
b. Maintenance plus 105~~ burd~n. 

~- Manufacturing overhead (included in Item 3). 

5. General & Administrative cost (included in lte:n 3). 

6. Proposed fee - ·ro be negotiated w!len project is funded. 
Total Recurring Costs 

Grand Total 

12 

$ 976,256.0:> 

50,000.00 

25,000.00 

90 ,01J0 .0·J 

lOJ.oo;>,oo 
$1,271,256.00 

$1,223,800.00 

$4,4~5,320.00 
21,472.00 
60,480.00 

$5,742,072.00 

$7,013,328.00 



However, after the cost estimate to e•;tablish a productioa run of 

1,000,0:>0 'Jl l alloy penetrators from 3/4" bar stock 6 feet long (straight-

ness no t t o vary 1/4" from the lon~ituc.inal ;ixis in any 6-foo t lell3th) 

WJS prepared, U:AAP was requested to pre?are a revised cost estima t e for 

the l , 0'.)0,000 :;)U alloy pei1etrators to be manufa ,::tJred from GFM slugs or 

cut-to-le,1gth pieces o f DU alloy bar stock with the followin3 specificati..ons: 

M;1ter '.al: 

Outside Diameter: 

Ru!1 u t -\.la rp 

Government-furnis~ed Alloy 2A - 0.75% 
Ti Alloy 

Solution Treated 

Aged t o Rockwell Hardness RC 4\ to RC 48 

4.530 .uSJ inches 
- .000 

0 .640 .005 inches 
- .000 

(To tal Dial Indicator Readin~): 0.005 inch 

Sur f ace R J ghness: 250 RMS M,ixim m 

The -:-evis d e s timate eliminates cutt i n~ the GFM bar stock into slugs, 

one fo rmin;; o r - ra '.: i n, and the heat-treatin opl.' rati n included in ::he 

orig inal cos t estimate. The req~ired floor space is also reduced fro m 

25,000 s q Jare 1~et to 22,000 square feet. 

Pe rishabl e t oo l cc sts are based on '.:he : ost f tools utilized during 

the ma.'.'lufacture o f 3,633 pene trators. The cost o f Si?tting up the line 

is s~own separately from the tabor and material cost. 

The e stimate is based -:m 1974 dollars. 

The machinin~ op~rations for the revised estimate are shown on pa ge 35 

of the Appendix, and the flow sheet is on page 36. 
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!ll..~LISH PIQDUCTJ9t'f LIS 
[l!ad time re~uired to set up t~e prodJction line is 10 1110nths after funding is received. 

Labor. BuJ:.l!.eJL!nd Material Costa for l,OOQ.QQJlJ.enetrat~ .. !. Item: Non-recurrin~ Cost Data 

l. Building and Fa:ilities (22,000 squar~ feet area) to be made available by Government. In the event the penetrator progr3m is expanded, an estimate will be prepared for e1tabli1hing s:~ap disposal facilities, Included in Ite~ 1, of Recurrin3 Cost Data, is the cost for packing and off-plant shipment of scrap for dlsp~sal. 

2. Equipment reqJired, conversion, machine attachmen~s, tool holders and installation. 

3. Hisce 1laneo1.1s production a ids. 

4. Fa~ricate a es. 

5 . I~itial peris~able tool cost is included in tool cost for lM ,enetrat rs. 

En~inccring: E3tablis~ process and manufacturing capability. 
Reco nversion (after the program) of nine automatic screw .na ::hines fr m chuckers to bar feed. Re:;tora Lion of manu­facturin area t o original status can110t be esti.Jrated until t he ar a of manufacture is establbhed. 

Shipping cost for equip:nent from Industrial Reserves to I,,1k Ci ty Army A'TtnJniti n Plant. 

' -------

$ 619,154 .oo 

45, llOO. (\0 

25,000.00 

30,000.00 

45 ,llOO .oo 

90.00J.OO 
Total Non-,ecurring Costs $ 854,154.00 lte;n : R curring Cos t D,1ta 

I . Tools, rindin w:1 e l s, ,Jackin material and protective cl th in . 

2 . Raw mate rial (depl ted ura" ·-•.un, slu s or cut-to-length bar st ck). 

3. Di rect labor plus l50o/. burden. 
a. En3ineering ~lus 105% b~rden. 
~. Maintenance plus 105% burden. 

4 . M-3nufacturing :, verhead (included in Ite.11 3). 

5 . G neral & Ao'lli •1istrative cost (included ln Item 3). 

6. Proposed fee - To be negotiated w:,en r,roject is funded. 

$1,053, 80'.) .oo 

GFM 

$2,896,812.00 
21,472 .oo 
60,480.00 

Total Recurrin~ Costs $4,042,564.00 

Grand Total $4,896,718.00 
14 



£Q.~IO.:i5: 

T;-,e use o f l>U alloy for the fabrication o f penetrators on a productfon 

basis usin aJtomatic screw .nachines is feasible provided the quality of 

material is maintained at a consistent high level. Althou~h production 

of DJ all y p netrators has been arduous and difficult, the pro6ress 

made to date indicates the ,1dvancements w:1ich can be .-nade as the DU alloy 

pe netrator pro ram ryroceads. 

One o f th bi Q,est proble:ns yet to be 0wrcome is the inconsistent 

q J l ity n :1 n ( i gurat i.o n £ D:J all.oy material. Cons iderable imprnve-

me nt in t h tin if r:nity r•f the ,n-1ter ia l wi 11 be required t o ins:.ire 

.. o ntinued impr v ,nent in th !llllnJfacturin-.1 processes. It is felt that 

with J nifo r ,n qJ lity an:! c nfi :.irati n f th - mJte rial, a ..i to:nltic screw 

. 1chin - c ul d ~e utilized t o increase the pr.odJction rate - and decrease 

11 11anu ~actu rin,., cos t o f DU alloy pcnetrat rs. 

D l ted ,1raniu 0 .75% Ti alloy wa , deter,n ined t o have the best 

m.J hi ni n 1 c:, ra c teri s tics . 

I t w.J s es ti mated that a productioa line f r l,O·J0,001) p1.;: ne t rat r s 

ma do.:: f r st u5s or c .i t-to -lcn ., th DJ 0.757. a ll y bar s tock could be set 

up t Le s s co t than a pr . du c ti n line for 1,000,00J penetrators utilizin5 

6 - f ~t Ion : D 0 . 75% all y ba~ stock. 

15 
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Table 1. 

PIDCES~ 

ll'!~th of Part -= 5 .00 inch s Dia,eter of Bar Stock = 3/4" 

Ele;aent Nuie!: Description 

1 STOCK o·Jt APPltO:UMAIELY 4-3/4" 

2 Sitt;LE POINI FOA 1/4" TO .639+ .002 TO rtlUE END 
Oi BA., srocx 

3 BO'.C MILL .639+ .002 FOR 4-3/4" 

4 END FOlUt 20° A.~LF. - tiA.,OFRD 

S SPECIAL BOX MILL - TURN TAP£R 

6 cur-OFF 

7 SINGLE POINI - FACE OFF BAR E!I> 

8 

9 

10 

CHUCK 0~ .639 DIA..~'rER, WITH NOOE IN <X>'i.IEI 
h.";AlN>T STO? 

FAC& TO O'IERAt.T .. IEt«;TH 

HEAl TllEAT 

llA 

llB 

3/4 Ti - 830°-830°F FOR 1 HOUR & 15 MINUTES 

3/4 Q~ad - 600°F ± 10° "OR 2 HOURS 

it~ration CENIEllt.ES!_ GRltl>Ell 

12 GRIND Ol1l'Sli>E DIA~TEll, TAP£1l A."iD 20:, ANGLE 

.2.lli .Q;,!_ r..!., t:_ !_q_q S iJllF A!:E g\J NDER 

13 GRIND END FACE OF .634 DIAtt:TER 

14 

15 

6th O~t'ation 

CHAMFER 10" ANGU: 

7th 0-.,eration 

CIF.AN 

18 



Table 2. 

,l'IO;BSi_l 

f '+ 'I Ulllt J,41'HE 

Length of Part ; 5 .00 i1.1ches Dia:ueter of Bar Stock = 3/4" 

1 s·rocK our APPIOXIMATELY 2" 

2 SI?«;L! POINr FACE TOOL ':O 'l'llUE A.'I> SQUA.'lE END 

3 S It«;~ POUff 1 / 4" U>t«; FOB. BOX IOLLERS 

4 ROLLEll ·tUllN FOll l . 6" LENCml ( . 641 DIAtETEit) 

5 sro:K OUT AND PAit'I OFF TO 4.850 I.Er«;TH 

2nd o,_,erat~ #3 WM CHUC(EA 

6 CHUCK SLUG Oii .641 DUleTER 

7 ClfflR. DRILL 

8 CEfflll SUPi'O&lT 

9 SINGLE POINr TO CLEAN AT • 500 DIA.'«IER 
FOil 3 / 4" ID?«; 

10 BOX MILL FORM .220 DINETER BY .Ju:i :'JJ~-«; -
F AL'i! CENrERS 

3rd Operation MOfflltAl'IC Tl.ACER WII' 

l l CHUCX Oli .641 OtTrSIDE DIAll?TER 

12 POZITIOli CENIER SUPPOilT 

13 CYCLE STAllt - 3 CUTS REG 3/4 Quad ALIDY 
1 CUT REG 3/4 Ti ALU>J 

4th Q;eration #J W!aS CaygER 

14 CHUCK ON .641 OUTSIDE DIAMETER 

15 POSI?ION SPECIAL '°L ll 
S?EADY RES? - UA!l POSltlON 
CIOSS SLIDE 

16 FAt;E OFF tAISI CIHrlll -
M0.11FIED BOl MILl, -
NO IOL'~RS 

19 



PROCESS B (Cont}. 

S-;h_~ation lmA! TIE~ 

17A 3/4 Ti - 830°-8.50°F FOl 1 HOUR & 15 MINIJrES 

17B 3/4 Quad - 600°F ± 10, FOil 2 HOURS 

6th Operation CEN,[_EiU.ESS Gl'lll>ER 

18 GR!tt> O(TISmE DIAleTER, TAPER A.'I> 
20° A-«;LE 

1£.lLOperati,Q_q SuJY:ACE GRI@R 

19 GRIND END ;A.-;E OF .634 DIA'E'IER 

8th Ope ration lJMU)INGE J,Aitf 

20 CHAMl ER 10 ~ A..'l;I,E 

9th npe rati 11 

2 L CLE.\N 

20 



HACHINlt«; DU A~IDY PEN'-.:Xli'ICII.S 

PROCESS A 
TUUET ~\THE 
i:IA.~Itt:;E LATHE 

PlOCESS B 
T Ul1lET LATHE 
CHUCICER 
MONO~TIC LATHE 
i":HUCICER 

PROCESS C 
AMAS IVE C11l'-OFF MACHINE 
IUIUlET LATHE 
CHUCICF.ll 
MONOMATIC LA'IHE 
CHUCICEI 

21 

22 

*LENGTH OF PART 
~ INC'dES 

5.0·J 

5.00 

5.0J 

NOIE: DUE TO EUMINATIO,, O"i CENl'EllS LEOOTH Of' PA'tt HAD to BE tNCllEASED 
FROM 4. 75 INCHES TO 5 .OJ INCHES. 

21 
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glAII .l 
fv1ACHI NABILITY 
AND TOOL LIFE - - · ---- -

--------------

--- - ---
Q-5 

Q-6 
l • ! : v;,vM ·- ·-· · - - - - --- ·· · - --- -. ♦ - - -- -, 

------- - --

t I ™ 
r7TJl7J 

I 

~~~,~~ ---===-~:::_~::~~_:-~~----~i-----rw~ I _ a-?c _ __ -------____________ _L M!JA ;. 
Q-7D 

I ------
Q-8 I 

P · c c_s_p_ r_ C . t ~-i n~ S .. -. J-l! --------1....,J­
Turre t f c 1..: c! = Inch r er revolution 
Turret Speed = Re volution rer min·Jte 
Tracer Feed ~ Inch oer ~inJ te 
Tracer Speed = R ·v~ lLtion per minute 
Triangular Ca rbid . Inserts - 3 cutting sides r.oo~ ~ 7 to 10 worl ~icces per cuttin½ side ~ 21 to 30 cuts Fair = 4 to 6 w~rk pieces per cutting side = 12 to lij cuts Poor ~ 2 t o 3 wor~ pi t ces far s1de = 6 to 9 cuts Positive Rake w1s used on .11 I cutting operation~ e::<cept the Hon"matic Tracer Lathe. Negative Rak<! wa.; us ,?d exclusively on the cut tin:; opcratioru; of the Honomatic 1 rac • L-nhe. 
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ScMIJ 2 • A\IWGE Wl>CISS Oj DU N,,IQX nr•nngs MDV 00 MXA A'iJlli 

ALLOY 
CODE 

es - --

IA 2A 28 3 
.... 

4 5 6 6Al7A 7C 70 
. - · - --· - ~ - .. . --~ . -· 

8 

54,-..--t---+---+---+--~~------1-•;■ .... +---+---~-..... --....... -..-~ 

53...,..--,-..---1--~--~---+---+---,~I~•\~,-:------+---+---.,._~;►· -, 

521---;----1----t----t- --+---+--.... ·--'1-------+----·-+---+-~:~---t 
----.----+- ----1---11-------+-----t---4---6--....... - - - I I r 

I 

I 
I 

I 

5 I - --- --...-- .__..,.•,.._ __ ..,...,__ ____ ,.___,, ________ ,,_ 
I 'l • ' I 

' ' 
50,-..----1---+----+----+---+---t- ■1-J-+--1-■-+-~-----..-';'-+---~1 ~·+----4 

~ 49 t----j,---------t-----t---+---+-,r ........... -I~11
--, ...... ~---- - , -,•-:.-t -- •••-- -I ' 

\ 
' I.. 

U , , , r 1,, 

I 
CZ --- - --..,-- - -.- --.---+---+-+'--1111.... \ .,. • JI I II 

v.46 • , f , , I \ 

! I f.J ' II\ I :·..: 41 -e_::---..... -"'-·•--+---+---+-- --+,-.. ,.. .......... ---t"',--.. ~r---~,,,______..,..,,---if'-----4 

_ 46 --;.-· • I \ 1 \. IJ 
I \. I \ 

i 45 : I ' ' \ 

~ 
.1 1 l 

'6 , . -~ 
~ l' -~ 

' ~ 44 ' - \ I I , \...A' 
U J\.--+----+-~--+---+---i-+-i ...... -•-----.-------+---+-..... -4------➔ 

' c-i --~--~~--....... -·~~ ....... ----~'-+~'--1---·------ ----~~~~- ­
I 

, 
; -

o: 4 3-. --~,r-1-"1111r,~--,---~,--+----1 -+-,++,'--1----:---+-----+----+---1r-+------1 I 

' l I I 

4 2 .... --.... :,-.--t~\-.--+----t'-.-: -◄~---1t1---t---.. : __ .....,, ---t---- +-- II .. 
4 1 "- , , , 

!-, --,.,_----t~• ......... ·-➔---~~-"'\~-----------.-------------

40 1 
_ _, ...... _,, \l J 1 

- ~ --,t-+-'---+---+-------►' --+--------
3 9---- --- I\ 1 

--+\-+----- -·-·- >----- -· ♦ -- -·+--- ·- ··-- - , ------- - ---~---
38-- - ------------ - --\.----- - -------- -+-·- - ------r--

1---------1~- --t-- --4--------'lr+--+---+--- --+--- -+---+ - ---- --- ···-

3 7 ,-..-------4---+---+---I--~------ - - - -- ~ - • 
-----------------------------♦-•--- -- ~ - - · · 

3E - - - -- ..- - - ---- -- -- ·- · _____ , _____ ___ ., _ ____ .-- --- ··-"" ·· ···- _ · 

35 -- - --- - ·- - • 

IJGEND: -------------A• Received (Solution Treated) 

--- - - - After A~ing 

NOTE: Alloys 3 and 7A were not aged. 
Alloy 7D was only extruded (not 1olutlon treated or aged). 
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rwms 9. fvlACHINI NG OPERA l IONS FOR MANUF AC TUR[ 
•· · ()F 30MM PENETRATORS LC-SK-982- ,t 2 ALLOY(DU) 

.·.---- _________ __ --,_,.....,, ___ ~-=::.:.--:=-. -----·---~ .... .. _ .. - -~ .. - ·-

-----------·-----, --- l_ 
# I l---.:__-~----- - -··-··· ...... ------4l_a"_R_7~:~~~ 

1-------- 4 ·8r.:GO •' +. I~ 

OPERATIOU 

,-------------~----7- ____ j_ 
OPERATIOll .# 2 -1------- -- ·-1-- - ·· · ----, __ -_:g_6~DI 

r- • ,_ 1.6~0 t-r + .o•5 
~- 4.520 ---

t .005 

I . • . - .1937 I r.;100 

_l)PERATIOll • 3 -r-------tl-- _________ ;_ L. -- J}---Jt010 

L. ___ .l.-.=====-=-=..::-.f:fs' ?1wo· 

OPERt. TIOtl -#6 

• 
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fW!N 10. 

Operatlon 

1. I I Cut into Slugs 
I 

2. form Rear of B-:>dy 
Duplex 

3. Form Front of B.-,d_y 
D~plex 

4. Rough Centerless 
Proflle 

I 
5. Finish Center less 

Profile 

I 

6. I Surface Base I 
I 

I 
7. I For,n 1001 

I 

Page 1 ,£ 2 

lQM.1 PENETIAJQI LC-Sl-982 "!JJ-OX 2A11 

Flo;; Sheet 

ttechine 

Abrasive 
Cut,Jff 

• 

8-Spindle 
c;,ucker 

8-Spindle 
Chucker 

Heat 
Treat 

#2 Cincin"lati 
Centerl,ess 

j 

#2 Cincinnati 
Center less 

Surface 
Gr lnder 

Hardin6e 
Lathe 

33 

I 

Position 

P.:>s it i on 

l - Load 
2 - Turn 1 II 

3 - Turn l 11 & Face 
4 - Eject 
5 - 6 - 7 - 8 

See l thru !+ 

l - Load 
2 - Turn 11/ ' 
3 - 'fUCO 11

2 II & Face 
4 - Eject 
5 - 6 - 7 - 8 

See I thr1.1 4 



Pa e 2 of 2 

FIGURE 10 • 1mit1 PENEillATQA LC-SK-982 "AJ,I-OY 2A" 

Flow Sheet. Continued 

Operation &chine 

I Wa sh Va por 

9 . I nspect 

T 
10 . Pa ck 

34 



m;ug ll. ~1ACHINING OPE.RATIONS ro,~ MANl f A TURf 
OF ~~1M PENETRATORS LC-SK -982 - µ?. ALl.OY(OU) 

HEAT TREATED SLUGS 

---- .195 

')f'f RATION t- 4 I 
10° ___ , - r-

OPERATION 11-~' r-------·-'1---.-. ------------=======--:.-:_-=-.t;J-

- ·- . - . --- . - D - . 

-- . --· ~ 

-~ t4-- .()4'_) 
±.085 
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1. 

2 . 

3 . 

7 . 

8 . 

r1cuat; 12. 3QHK PENETWQll LC-SK-982 "ALJ,QX 2A" 

ijEAT tllEA'I BLANKS 

Flow Sheet 

Qi2erati!i?D Hi1ch1ine Position 

Form fr n ': f B dy 8-Spind le 
Duplex 

I 
R u~h C n t e r Less 

Profi Le 

Finish C 
t'r 

Su.dace B:i s e 

F r m I 06
' 

~ 

Ins pect 

Pa ck 

s s 

-

Ch 11cker 

! ,;z Cincin,ati 
i 
I Cent e r Less 

fl. ?. C inci nna ti 
Ce nter less 

Surface 
Grinde r 

Hardin,1.e 
Lathe 

I Vap r 
De nrease r 

L - Load 
2 - Turn LI. II 

3 - Turn l \ " & Face 
4 - Eject 
5 - 6 - 7 - 8 

See 1 thru 4 
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