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Seotlcn 1 

1. IMTODUCnON. 

1.1 'The purpose of thla docunent 1» to describe machining, processing, 
and Inspection procedures for manufacturing an Inhibited propellant grain 
fmm an unnachlned billet. The procedures described herein are Intended 
to provide a guide for activities engaged In the processing of Inhibited 
propellant grains (MARK Cl MOD 0) for the MARK 61 MX> 0 Bocket toter. 

/ * 
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Seoticn 2 

2. PREPARATION FOR MACHININQ. 

2.1 Itolfl and Supplies: 

Waterproof-Ink marking- pen, felt-tip 
Tape, maoking, 6 Inch 
Tape, masking, 1 Inch 
Knife, Beryllium 
Rule, steel 
Tray, grain 
Box, 5-inch grain 
Poll, Alurlnvxn 
Solvent*, Acetone 
Drum, waste disposal 
Oven, vacuum 
Mill, remotely operable 
Lathe, remotely operable 
Gage, dial, Indicator 
Micrometer, outside 
Wipers, KlsKlpes 
Scale, balance 

2.2 Preliminary Instruction. 

2.2.1 Unless othendse specified herein, all operaticna Involving 
the propellant should be conducted with the propellant at 
75 ± 10 degrees Fahrenheit (°P). 

2.3 GRAIN-BLANK MACHINING. 

NOTE. All grains In a lot may be processed 
before proceeding to the next machine setup. 

2.3.1 Billet cutting. 

2.3.1.1 A minimum of 2 days Is required between propellant extrusion 
and machining of the final outside diameter of grain blank to allow 
physical dimensions of propellant billet to stabilise. 

2.3.1.2 Verify that Processing Bequest (PR) nurber and propellant 
type have been marked on box label and that billets have been labeled 
with extrusion and billet meter. 
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2.3.I.3 Using a rill, by remote control, cut the billets Into lengths 
of 0.25 ± 0.125 Inch longier than final length. 

2.3.1.¾ Discard billet end defonned by guillotine cutter. 

2.3.I.5 Using a felt-tip, waterproof-ink marking pen, label the 
grain cn the end as follows; 

Examples Naval Weapons Center (NWC). 

1. PR nunber. Exanplei PR 7350. 

2. Extnaiav-fcUlet nuatoer. Exaaplt» D-Ô3-A-1. 

Poeltlon of grain In billet, 
numbered consecutively from the 
extrusion head. 

Billet nunber. 

Extrusion rumber. 

Naval Ordnance Station (NOS) 

1. Mix ruariber/billat nurtoer. Exauplei EP-28-12-3. 

EP-28 
* 

Position of grain In billet 

Billet number 

Mix lumber 

2.¾ Package the grains In accordance with “f 
nachlnlng facility, and store for a ndnlnum of 3 hours at 75 ± 10*F. 

2.5 Outside dlaaater machining (Drawing 2601927). 

2.5.1 Clean the lathe with acetone and clean cloths. 

2.5.2 Remove one grain from storage* 

2.5.3 Assure that the 7R, extrusion, and billet mutoers are merited on 

the end of grain* 
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2.5.4 Place grain In lathe between pressure plates with 0.50-lncfa 
diaraeter glides and chuck to center. 

2.5.5 Adjust to reconroended speed for this operation: spindle, 
145 revolutions per minute (rpm) and carriage longitudinal feed. 
O.OI56 Inch per revolution (jin/rev). 

2.5.6 By remote control, machine to final outside dlaneter. 

2.5.7 Renove the grain and pressure plates trm the lathe. 

2.6 drain facing. 

2.6.1 Place grain in chuck Jaws, allgi to center, and tighten Jaws 
firmly 

2.6.2 Install facing tool in tool holder. 

2.6.3 Adjust lathe to reccrranded spindle speed of 145 rps and the 
carriage cross-feed to 0,0156 liVrev. 

2.6.4 By remote control, face one end of the grain. 

2.6.5 Reverse the ©rain and faoe to length by repeating steps 2.6.1 
through 2.6.4, transferring grain identification to opposite end of 
©’aln. 

2.7 Comterborlng. 

NOTE. Machining of oounterbore nay be per¬ 
formed in section 5. 

2.7.1 Place grain in chuck Jaws, align to center, and tiriten jaws 
firmly. 

2.7.2 Install boring tool in tool holder. 

2.7.3 Using dial Indicator gags, adjust carriage stop for counter¬ 
part depth from end of grain. 

? 
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2.7.¾ Adjust lathe to reocntnended spindle speed of 93 rjm and oairlage 
longitudinal feed to O.OO3I In/rev. 

2.7.5 remote control, comterfcore end of grain. 

2.8 Remove burrs, chipe, and looee naiterlal fron grain. 

2.9 Package graine In accordance with section 7, transport to in¬ 
spection site, and store at 75 ± 10*P. 
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Section 3 

3. MACHINED PROPELLANT INSPECTION. 

3.1 Aaeiigi a grain nunber to each grain. Uaii^ a fielt-tip, 
waterproof-ink marking pen, label grain forwanl eni (A end) with the 
asaigned nunber. 

3.2 Inspect grain for conformance to Drawing 2601927 and Instruction* 
contained In Processing Request (PR). 

3.2.1 Record propellant type, extï jalon, PR, grain, and billet rasters 
cn Grain Inspection Data Sheets (Figures 1 and 2). 

3.2.2 Measure length, outside diameter, and weight of grain and 
record on Grain Inspection Data Sheet (Figura 1). 

3.3 Visual Inspection. 

3.3.1 Inspect grain for any fissures or cracks. 

3.3.2 Inspect groin to ensure that billet is a homogeneous mixture. A 
grain having one or mors light (whitish) streaks is defective and should 
be rejected. 

3.3.3 Inspect grain for evidence of poor workmanship. 

3.3.¾ Inspect grain for burrs, chips, and looee material In grain 
perforation. 

3.^ Stanp accepted grains on one end with "Ist inspection" Rtœp. 

3.5 Submit a Grain Discrepancy Report (Figure 3) to Government repre¬ 
sentative for each grain out of tolerance or otherwise defective or 
questionable. 

3.5.1 Label rejected grains as auch and hold until notified of disposi¬ 
tion by Government representative. 

3.5.2 Scrap grains rejected by Oovemnent representative In accordance 
with regulations. 

3.6 Package accepted grains In accordance with section 7 and transport 
to inhibiting site. 



C
ra

in
, 

M
ac

h
in

ed
 h

n
i'
c
e
te

d
 t

o
 

1 

F
IG

. 
1
. 

G
ra

in
 
In

s
p

e
c
ti

o
n
 D

a
ta
 S

h
e
e
t,
 

M
a
c
h
in

e
d
 
P

ro
p
e
ll

a
n
t.

 





"I MT 

OUALITT AilURANCï OliCRtPANCT REPORT 
OaOWtMCf ir|M% IIV( 04 INI 4 T »-»AT 

CD 3G79Ö 
NO'rjNi MMttf*». notíwic 'í : ^ 

• «.TM 114« ’ •YWMI ! T*AM ; 

. j 

»N^uuö ai mm ornI »• • *•## 

» * 
» 

*>•( ti »Um u iiii Nu. 11*¥ **«V MAltlIt Al 1(1141 H j ¿ 1 . *•> * 

H« «r,N*i W». l'AR 1 MAWI 

1 1 OAnUGCO IM transit 

MIAN.»« 0IK»|»»K»|I-«IW. I nNwoA AM»CN âUNIlON»». N-.41011410 

,_j ORORPEO [_j 0T«iU 

USE 
AS IS' REWORK MOLD FOR 

other use SCRAP 

—, 
material 
REVIEW BD PCX)» / GOOD 

•mnct&ri ¿‘"so*. 

OCViaTiOn /vaPíaT.Cs 

auiUT» 4kki*iNU ubMiiiiir 

P40JKÎ INOlNtlt NO>4lU«L 

'A41IU* f.TUt 0 Dill coo* 

. 
»<t^'»45nÑ^4iMivt.rc¿»»vcfT¿r4ci.o»'. «i ¿^.¡.¿.«raTc- 

5 

»pp ««luiMitv wwa 

FIG. 3 Crain Dlacropancy Reporc. NUMBER OP iHf (TS attached 

... «>>111 » 



OQ 30798 

S«aticn 4 

H. INHIBITING. 

4.1 Etching. 

4.1.1 Covwr ends of grains ooqplctsly with 6-lnch-wlds naaldng taps. 

WARNING 

Use oily clean rubber gloves to handle grains 
for remaining operations. 

4.1.2 Clean grain but face with soap and cold tap water to remove grease 
and smudge. Rinse grains with 00Id tap water. 

4.1.3 Wipe grains free of all drops of water with a olean wiper. 

4.1.4 Grains should ba etched with an l8 percent hydrochloric acid (HC1) 
solution (MS 3604 3). (The "as received" HC1 la a 36 percent solution.) 

4.1.5 Prepare etching solution by adding one volune HC1 to one 
volume of water. 

NCTE. Etchir« solutions should be replaced 
alter there Is a marked reduction In bubble 
evolution when immersing grains. 

4.1.6 Imnerse vertically the complete grain In etching solution. 
Ensure the grains are completely lurorsed but not nors than 7 Inches below 
the surface of the solution. 

NOTE. Grains should not contact one another 
or container during etching process. 

4.1.7 Etch grain for a period of 45 ± 5 ndnutea, 

4.1.8 Assure that grain has been properly etched. Evidence thsfc 
satisfactory etching of the propellant surface has been carp le ted will 
be the narked reduction in bubble evolution trom the propellant 
surface. 

«4Ô- 

ML 



OD 30798 

4.1.9 Rinse gralna In cold tap water. 

4.1.10 Wipe grains free of all drops of water with a olean wiper. 

4.1.11 Renovo masking tape from ends of grains. 

4.1.12 Position grains vertically In vacuum oven and vacuum dry for 
one hour at 135®P. 

4.2 End inhibitor. 

4.2.1 Apply silicone tape, Dow Coming (DC) 269 gloss cloth, to one 
end of end inhibitor casting fixture (3.75-lnoh OD by 1 inch thick alum¬ 
inum casting fixture). Coat end inhibitor casting fixture on OD with 
'’Teflon" to prevent bending of fixture to end Inhibitor material. 

4.2.2 Position end inhibitor casting fixture on each end of grain, en- 
surlr« that the fixture conpletely cover» grain perforation. 

4.2.3 Apply two wrcf'3 of 1-inch-wide masking tape on each end of the 
grain, allowing approximately 0.5 inch to extend beyond ends of grain. 
Ensure that the tape is wrapped smoothly» 

4.2.4 Prepare approximately 60 gram of flexible epoxyi 2 parta of 
"B" TC-459 resin to 1 part of part "A" TC-459 catalyst by weight* Mix 
thoroughly end pull vaouun until epoxy "breaks’1 (bubbles dissipate) 
(DWQ 1092164). 

4.2.5 Cast end inhibitor aa follows: 

(a) Using a suitable scale (balance), place grain on aoale and 
balance. 

(b) Increase scale reading by 30 gram, 

(o) Pour flexible epoxy into boundaries until aoale again 
balancea. 

4.2.6 Pince (rain in oven ln a vertical position, inhibited end un, 
and cure inhibitor at 180 to 200® P for 1 hour and 15 ndnutefl(rainlnain). 

4.2.7 Reverse the grain and repeat steps 4.2.5 through 4.2.6» 

4.3 Vlton lacquer. 

4.3.1 Remove masking tape fixa CD of grains, previously used while 
casting end Inhibitors. 
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NOTE. Do not ranov« casting fixtures. 

^.3.2 Place gralna vertically In suitable fixture fbr ocqpletely 
lirmerslng grain in Vlton lacquer. 

^.3.3 Prepare a solution of Vlton laoquer that la 20 ± 2 percent 
Vlton "A" (CopolyiTBr W3 7682) and 80 ± 2 percent acetone (0-A-51) by 
weight. 

4.3.4 Propellant grains should be limited to a maximum temperatura 
of + 80°P for Viten laoquer application, 

4.3.5 Completely imneroa grain In Vlton .lacquer only long enough to 
allow completa coverage of grain, remove, and suspend from an appropriate 
fixture to air-dry for approximately 30 minutes (minlnum). 

4.3.6 Reverse grain and repeat 4.3.5 fbr three more coatings, 
reversing the grain, and allowing to dry after dipping. 

r 
4.3.7 After completion of final dip-coat, allow grain to air-dry fbr 

a minimum of 16 hours. 

4.3.8 Remove inhibitor casting fixtures and glass cloth (DC 269)* 
being careful not to damage end Inhibitors. 

4.3.9 Place grains vertically in clean, covered trays. 

CAUnCN 

Take appropriate measures to eliminate any 
contact of Vlton-coated surfaces with any 
foreigi surface, material, or other grains, 
as Vlton will adhere to other material. 

4.3.IO Transport grains to tape-wrapping site In covered treys. 

4.4 Tape wrapping. 

4.4.1 Remove tape fron cold storage and allow it to reach room 
temperature before application. 

4.4.2 Place grain In tape-wrapping lathe between end blocks. 

-t* 
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M.3 Adjust tape tensicn to approximately 16 ± 5 povaida per Inch width. 

Spiral wrap grain proceeding fron counterbore end to aft end 
with 2-lr.ch wide Mlmeaota itlnlng and Manufacturing Carp any (3M) 
tape (Y-9087), (Drawing 2601930). 

^.^.5 Qisure that first spiral wrap la one continuous operation. 
Should a tape splice occur during application of first wrap, discard 
grain and sUbralt a discrepancy report for each defective grain. 

4.4.5.1 Should tape splices occur In succeeding wraps, remove applied 
ta;* with the exception of the first wrap and reapply tape. 

4.4.6 Rough out tape 0.5 inch beyond end inhibitor on each end of 
grain. 

4.4.7 Remove grain from tape-wrapping lathe. 

4.4.8 Place grains In suitable containers that will provide support 
and keep Inhibitor fror contacting oven floor. Place grains In oven 
and cure at 180 to 200°? for 24 hours. 

4.4.9 Apply 1-irvih width of jM tape (Y-9087) longitudinally to the 
outside surface of ;->:e grain mldwny between star points (45 degrees) 
over entire grain length (fbur peaces). Apply three strips of tape at 
four locations. Apply additional strip* as required to meet final grain 
dlmenalons. 

4.4.10 Package grain in acooidance with section 7 and transport to 
machining site. 

Î* 

c 
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S*otlon 5 

5. PROraXANT GRAIN MACHININa. 

5.1 Final facing. 

5.1.1 Place grain In laths chuck Jaws, align to center, «nú tiriten 
Jaws fiiroly. 

5.1.2 Install facing tool In tool holder. 

5.1.3 Adjust lathe to reoannended spindle speed of 1^5 rpm and carriage 
cross feed to O.OI56 in/rev. 

5.1.^ Sy remote control, face aft end (B-end) of Inhibitor to specified 
dimension. Aft end or "B"-end" Is the end opposite the oounterbore. 

5.1.5 Reverse grain and face forward end Inhibitor to achieve final 
grain length by repeating stepa 5.1.3 throutfi 5.1.**. 

5.1.6 Package grain in accordance with section 7 and transport to 
Inspection site. 
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Section 6 

6. propellant grain inspection. 

6.1 Record all inapactlcn not., cn 0«ln In.p.otlon Data SRe.t 

(Figuro 2). 

6.1.1 Inspect enün In accord««» «Ith <lra«lng Inatruotlorc In PR. 

6.1.2 Meaaur. length. CD, and weight of grain and record m drain 

Inspection Data ffceet. 

la) ÄTnTÄS 
main uninhibited. 

(b) ïhe inhibitor 1. free fKm foreign raterial.. 

(c) Ihe tap. overlap, the .M irtübltora and la triarad flrah with 

end inhibitors. 

(d) me tape Inhibitor la emoothly overlapped and 1. «ra»«d 

in the rlgiit direction. 

6.3 Steep accepted graine with "2nd Inapectlcn atanp. 

b.t.l label rejected gralra aa auch aM hold »til notified of dlapo- 
sitien by Government representative. 

6.4.2 scrap grama rejected by Oowmaent repreeentatlve In accordance 

with regulations. 

6.5 Package accepted grain. In accordance with eeotlcn 7 and t.•«apart 

to loading site. 

15 
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Section 7 

7. PACKAGING. 

7.1 Transport all bllleta and grains In 5-Inch grain boxes. Ensure 
that handles are securely attached and that lid can be securely fastened. 

7.2 VIton lacquered grains shall be transported vertically In clean 
covered trays with care taken to eliminate any contact of the laoquered 
surface with foreign surfaces, irate rials, or other grains. 

7.3 Une grain box with suitable material to keep propellant ftxn 
abrading on grain box. 

7.^ Billet and unmachined gralna. 

7^.1 Place billets or grains In grain box and fasten lid. 

7.5 Machined grains. 

7.5.1 Wrap grain In alunlnua fbil. 

7.5.2 Place grains In grain box and fasten lid. 

7.6 Inhibited gralna. 

7.6.1 Wrap grain In alunlnun ibil. 

7.6.2 Place grains In grain box and fasten lid. Label box end with 
appropriate information regarding contents. Remove any other labels. 
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Section 8 

8. GÜÆRAL SAFUIY PRECAOTIONS. 

8.1 Iho machining and handllrtg of the grain covered by this document 
Involve hasardoua operatlcm and, therefore, require suitable precautions. 
Use of this document shall not relieve the manufacturer of responsibility 
for the safety of his operation. See OP 5 for s'afety requirements and 
precautions. Such other warnings and precautions, pertinent to the op¬ 
erational effcctivonesa or safety during the machining and handling of 
the grain, are Included in the detailed technical requirements of this 
publication. 

8.2 All machining and handling operations should be conducted In a neat 
and orderly manner. 

8.3 Safe equipment and methods should be utilized for transporting, 
handling, and machining of explosives. 

8.¾ When performing operations such as cutting, machining, and drying, 
remote control, barricaded handling equipment shall be used. 

8.5 Personnel handling explosives should avoid using bare hands or Im¬ 
proper equipment In order to prevent damage or deterioration from per¬ 
spiration or other contaminating deposits. 

8.6 To minimize the absorption of moisture fron the atmosphere or other 
sources during machining and handling operations, the exposure of explosive 
materials shall be closely controlled. 

8.7 All explosives should be atorad In suitable storage magazines lo¬ 
cated In accordance with the American Table of Distances (AID) or other 
applicable safety standards. While In process, these Items shall be lo¬ 
cated In accordance with Intraplant distances and stored In adequate ready 
or service magazines if outside of the Inspection or machine roan. 

8.8 Proper care must be exercised at all times to protect personnel, 
equipment, and working areas ffrem accidents, fires, or explosions. 

8.9 Keep only minimum quantities of explosives and complete or partially 
loaded parta present at each stage of operation. 

8.10 Keep explosives and explosive parts In approved covered recep¬ 
tacles. Ensure that covers are in place after material Is taken out of 
or put into receptacles. Receptacles should be conductive to ground 
electrostatic charges. 

r 
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8.11 Protect operations from electrostatic charges by effectively 
rrounding all machinery, equipment, and fixtures. Hiploy suitable 
pounded conductivo covering for floors, workbenches, and tables. 
Workers' clothing s'iould be of a type to minimize the fiocunulation of 
static charges. Fabrics such as silk and nylon, which promote static 
generation, should be avoided. For safety, humidity of woricrcana should 
be appropriately increased, as required, to lessen electrostatic effects 
without Inducing excessive moisture absorption by any of the components, 

8.12 Enforce the wearing of suitable safety footwear, gloves, goggles, 
respirators, and inpregiated garments to protect personnel against bums, 
poisoning, and associated industrial hazards, 

8.13 Allow no fires or exposed electrical or other sparking cq'dpment. 
Allow little or no flanmable material to be present in machining, nandllng, 
and storage spaces. Enforce proper "match" and "no smoking" rules. 

3.14 Enforce good housekeeping and maintain effective policing, In¬ 
spection, and supervisory methods throughout the work area end surroundings. 

-18- 
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Section 9 

9. OPERATiaíAL SAÏLVY PRE:CAUnCKS. 

9.1 Remote operation of the guillotine, lathe, and mill la rmnoatory. 
Operation will be directed from the control panel roan. Explosive powder» 
may explodo upon application of friction, pressure, and heat: therefore 
these safety rules must be followed before operating. 

9.2 Clear the operation area of all personnel, 

9.3 Clear operation area of mate explosives, if any. 

9.4 Close personnel gate. 

9.5 Store acetone dntna away from the direct rays of tbs sun. 

9.6 Put waste explosives In the waste disposal drum and cover with a 
¿ayer of oil. Send the drum to the waste disposal magazine, 

9.7 Clean operating area and equipment vpcn oomplstion. 

*9- 
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Section 10 

10. APPLICABLE DOOIOIS. 

10.1 %o dravdiv1?! and publications Hated herein ara re fe ronce» and 
pertinent information applicable to these processing procedure». Actlvl 
ties should maintain a occplete set of applicable documenta. 

STANDARDS 

MHltary 

^ 36043 Hydrochloric Acid HC1. 

SPDCDTCAnCNS 

Federal 

Q-A-51 Acetone, Technical 

DRAWINGS 

Bureau of Naval Weapons 
(Code Ident 10001) 

1092164 

2603593 

2601927 

2603593 

2603593 

Encapsulating 

Adhesive. 

Propellant Grain, Machined. 

Glass Tape. 

Propellant Grain. 
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PUBLICATIONS 

Naval Ordnance System Canmand 
(Code Ident 10001) 

ÛP 3 Amnunltlon Aahoro. 

American Table of Distances. 

WS 7682 Copolymer, Vlnylidene D1 fluoride and 
Hsxailuoropropylena. 

Custodian : 
AmWOKD ORD9343 

Preparing Activity: 
NWC/Chlna lake, California 




