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Sectian A. INTHÛDUCTION 

This set of standards is prepared so that there will be 

on record a listing of the gun tube drawings required and the 

details pertaining to each, so that a uniform practice can be 

followed in their preparation. 

It is visualized that the standard drawings will cover 

practically all cases; however, there may be some instances 

that will not fall within their scope (e.g., - when rough 

castings are shipped, a special drawing will be needed to cover 

exactly the details as may We specified in the production order). 

The requirement for special drawings should be taken up with the 

Gun Division. 

Section B. STANDARD DRAWING TITLES 

The first line of all drawing titles will start with the 

words, "Tube for" to be followed in sequence by caliber of the 

tube and the model. The method of manufaeture at Watertown 

Arsenal (CW - Cold Work, HS - High Strength) will be shown in 

parentheses after the word "tube", asi 

TUBE (CW) FOR 105 MM HOWITZER M2A1 

TUBE (HS) FOR 76 MM GUN M1A1 

The second line of all drawing titles will identify the 

Standard Drawing and will designate the stage of manufacture, 

"Standard Process Drawings" will show the casting in various 

stages of production and will carry local "J" drawing numbers. 

"Standard Shipping Drawings" will show only the details of the 

tube as shipped from Watertown Arsenal and will carry Ordnance 

Office drawing numbers. The types of Standard Drawings required 

for each method of manufacture are listed below. Specific titles 

and a description of each drawing are detailed in Section "D". 

a. Tubes processed through cold wortc after heat treat¬ 

ment "intHë'T^gE'cônûIHôrrwîTir’re qui re the prep¬ 

aration of Process Drawings Types I, II, III and IV, 

and Shipping Drawing Type VII. 

b. Tubes processed through cold work after heat treat- 

”” ment in the rough macnined condition will require 

the preparation of Process Drawings Types I, V, III 

and IV, and Shipping Drawing Type VII. 

e. Tubes heat treated to strength (not cold-worked) will 

require the preparation of Process Drawings Types I 

and VI, and Shipping Drawing Type VIII, 



A listing of Standard Drawings by type follows for reference/ 

and a sample layout of a Type V drawing is included at the önd of 
Section "D". 

DRG. TYFE TITLE 

I Rough Casting 

II 

III 

IV 

V 

VI 

VII 

VIII 

Rough Casting at Hoat Treat Site and 

details of Testing 

Machined Preparatory bo Cold Working 

SjlS ~ 
Cold Woriced 65¾ j 2% Preparatory to 
Finish Machining 

Rough Machined to Heat Treat Size and 

Details of Testing 

Rough Machined to Heat Treat Sito^ 

Details of Testing and Shipping Size 

Cold Storked Casting Preparatory to 
finish Machining 

Rough Machined Casting Preparatory to 

Lsh Machining 



Section C. üENERaL PROCEDURE FOR ALL STi^DAHD DRAWINGS 

a* All tube dra’dnge will be made on MD" site sheets» 

The original tracing of all drawings will bo retained 

at this Arsenal. Copies of Shipping Drawings will be 

generally the only prints to leave the Arsenal and 

these will carry Ordnance Office numbers as well as 

the reference "As Produced at Watertown Arsenal" to 

distinguish practice from that of other establish¬ 

ments • 

b. Physical property requirements of any production 

order for tubes will bo entered on Shipping Drawings 

and on only those Process Drawings which show the 

tube at Heat Treat sito (Types II* V and Vi). In 

addition* these Process Drawings will carry the local 

restriction» 

"Variation in Yield Strength from breech to 

mutzle of any one tube shall not exceed 16*00$ 

psi." 

c» Breech end of tube will be shown on left hand side of 

drawing» 

d» In casos where the casting is machined before heat 

trea'jment* shoulders and breaks in taper will be 

located 1/2" away from the corresponding point in 

either the "Finished Tube" or the "Before Cold Work" 

tube as the case may be» 

e» When the casting is machined before heat treatment* 

all shoulders will be machined to approximately 30° 

from horizontal» The length (not degrees) of the 

shoulder will be shown to the nearest sixteenth inch 

(but never less than l/2") with the standard tolerance 

of plus l/4"» 

f. The following geno ral rule for locating length di¬ 

mensions on the drawing »ill bo observed whenever 

possib.et 

"Dimensions established prior to the specific 

stage of processing shown by the drawing will 

bo entered above the tube] dimensions showing 

the tube as released to the next operation will 

be entered below the tube»" 

3 



For example, for HS tubes, the "Rough Casting" drav^ 

ing shows the cold casting length above the tube and 

the length as released from the Foundry below the 

tube. The subsequent Process Drawing, "Rough Machined 

to Heat Treat Size." shows the latter length (and de¬ 

tails of machining) above the tube, and the details 

of testing and the length after tost below the tube. 

Likewise, for CW tubes, tne discards after cold work 

are shown above the tube, and the shipping length 

below the tube. 

gM. Tapers will be stated on all drawings with the no¬ 
tation "(Reference)". 

h. Desired allowance for test metal (unless otherwise 

specified by Gun Division). 

a. First test after heat treatments 

Breech discard 2" 

Brooch disc 1" * 

Muzzle discard 2" 

Muzzle disc 1" * 
Total “S11 

•One inch, based on 3/4" disc and two l/fl" saw 

eut s. 

b. Additional allowance for reheat-treatment 

and second tests 

Same discards and discs as above Z f" 
additional. 

c. Additional spare test metal to allow farther 

for a retest at each end. 

Discs without discards T 2" additional. 

Total Test Metal '1 14" divided equally with 7" on 
each end. 

Note i When cross section is so small that transverse 

bars cannot be obtained, the 3/4" discs must 

be incroasod to 3" slugs to provide for longi¬ 

tudinal test bars. 3/4" discs are satisfactory 

even in small sections if Brinell hardness is 

used for acceptance. 



1« Except for tubee heat treated as a rough casting, 
tost metal will be straight turned (not a con¬ 
tinuation of a taper) and will be shown dotted» 

J» Tost discs will bo shown shaded, 

k. Tensile test bars will bo of the •357’' shoulder 
typo and will be located in both the brooch and 
muislo discs at a position tangent to the finished 
caliber diameter« Two bars will be shown in each 
disc, being located at the 6 and 12 o'clock position 
Positions at which the two sides of the suspension 
loops are welded are designated ae 3 and 9 o'clock* 
The detail of testing will bo positioned in the lowc 
left corner of the drawing whenever possible* 

1* Charpy bars arc not sufficiently woll standardized 
at the time of this writing to include full detail* 
In general, it is expected that they will be of the 
V-notch typo with the notch at the bore side and. the 
center lino of the bar tangent to tho midwall di¬ 
ameter of tho heat treat dimensions* Charpy bars 
will likely be located at 3 and 9 o'clock positions 
in both brooch and muzzle discs* 

ni* In the following discussion, certain allowancos aro 
citod for "building up" tho finished tube to tho 
"Before Cold Work" and the "Heat Treat Size" di¬ 
mensions* These apply to guns of tho medium stand¬ 
ard sizos (75 mm to 105 mm). For either smaller or 
larger sizes, allowancos for finish boring and turn¬ 
ing, straightnoss, tost motal, etc*, may bo nece¬ 
ssarily dooroasod or increased to meet particular 
requirements « 

Section 1* ADDITIONAL PROCEDURE FOR SPEC IP’IC STANDARD f&uWINGS 

Tho following titles and commonts refer to drawings as in¬ 
dexed in Section "£"• For discussion purposes, it is assunod that 
tho mold layout for a particular tube has been oompletod and, ne¬ 
cessarily, tho centrifugal casting design has been established. 
The comments are to assist tho draftsman in preparing Procoss and 
Shipping drawings which will show all necessary dimensions, toler¬ 
ances, weights, etc,, without complicating any particular drawing 
with redundant detail. 



Title« Process Drawing Type I 

"rough casting" 

Deeeription« 

a. Show dimensione of tho cold casting» These can be obtained 

" from the mold layout. Tolerances will not be shown for 

either diameters or lengths. All dimensione will be ap~ 

proximate, i.e. shown to the nearest 1/4" on length and 

Ö.1" on diameter. 

b. State maximum allowable hole sise. 

c. Show site of breech and muzzle Foundry discards. 

If Founury macro discs are taken, they will be obtained 

from within the discard material. Foundry disos will 

not bo shown on the drawing, 

d. Show length of casting as released from the Fouadry to 

the Hoat Treat Section* 

o. Show« 

"Estimated Average Weight at Full Length", and 

"Estimated Avorago Weight After Discard" 

The Gun Division will advise the average hole sise to 

be used in calculating weights. 



.I « ¡a.. 

» 

Titlet Procesa Drawing Type II 

"ROUGH CASTING AT HEAT TREAT SIZE AND DETAILS OF TEST IMG11 
* 

Descriptiont 

a. Show iimensions of the rough casting as released from the 

Foundry to the Heat Treat Section. These will he obtained 

from the "Rough Casting" drawing. Tolerances will not be 

shown for either diameters or lengths. All dimensions will 

be approximate* i.e. shown to the nearest I/4" on length 
and 0.1" on diameter. 

b. State maximum allowable hole size. 

c. Make reference to drawing number of suspension loop near 

muzzle of tube. 

d. Show first set of discards and discs. 

e. Show cross section of both breech and nuzzle discs with 

details of test bar location. 

f. Show note "For Additional Details of Testing see Drawing 

J-52-30471." 

g. Show the physical property specifications and cite 

authority for their use. 

h. Show as an "arrowed" dimensiont 

"Desired Length After Heat Treatment and Tost" 

This is the length required for the Lo-Swing lathe and 

will be 5^" ever Before Cold Work length. 

1« Show the following lengths in the notest 

1. ) "Minimum Length After Heat Treatment and Test" 

This is Befoie Cold Work length plus l/2" facing 

allowance. (CW guns can be salragod at lengths 

below this by means of collars. Such practice 

is not recognized on drawings). 

2. ) "Desired Length Bofero Cold Work" 

j. Showt 

"Estimated Average Weight for Heat Troatmont" 

This will coincide generally with the "Estimated Average 

Weight After Discard" shown on the Rough Casting drawing. 

-7- 



k. No conmont will bo made as to straightness of tho casting. 



Title» Procesa Drawing; Type III 

"MACHINED PREPARATORY TO COLD FORKING 6% ^ 2f." 

Description» 

a. Show dimensions of the casting at the Before Cold mork 

site. Generally, the cold work design and both Before 

and After Cold Work dimensions will be prepared from the 

Finished Tube drawing (ballistic site) by personnel of 

the Cold Work Section with consideration for the following 

accepted practices» 

1. ) A minimum of 0.3" on both outside and inside 

diameters is allowed for finish machining to 

ballistic site. The machining tolerar.oe for 

outside diameters is ¿ ,015" and for the bore 

and packing chamber diameters I »OOfl11 • 

2. ) A l/4" fillet is shown at the ends of all bore 

surfaces. 

3. ) The tube is designed with a minimum number of 

tapers. 

4. ) Tapers are kept between .006 and .020 inches 

per inch on the diameter. 

5. ) Shoulders are eliminated if possible. 

6. ) Generally, 1" is allowed on each end (2" total) 

for facing the cold worked casting to Finished 

Tube length. Approximately 6" additional length 
is allowed on each end (10" total) for seal sup¬ 
port. The machining tolerance for length di¬ 

mensions is as follows» 

Overall length Z Î .03" 

Oitside lengths to shoulders and breaks 

:_a taper : J .02" 

♦ , „ 
Inside lengths of packing chamber : . .10 

b. Dimensions for machining to Before Cold mork sise are 

shown above the tube with all length dimensions referred 

to the ex -reme breech of the casting. 

c. State» 

"Pressure to Cold Work 8% Z (P.F.) x Yield Stress" 

-9- 



d. 

substituting for the tem (P.F.) the maximum Pressure 

Factor of tho tube# 

Show weight of tho tube# 

State i 

Maximum Boro Runout Z SO"» 

Maximum 0»D* Runout 2 

10- 



Titles Process Drawing Type I 

»1 COLD FORKED 6% * '¿% PREPARATORY TO FINISH MACHINING" 

Deacriptions 

a. Show dimensiona of the casting at the After Cold Work 
aise. The After Cold Work dimensions will be calculated 
from the cold work design by personnel of the Cold Work 
Section, with maximum and minimum values determined from 
the following general equation, where« 

BCW i Before Cold Working 
ACW I After Cold Working 

pansion during Cold Working (Nominal at 

Bore) £ Expansion for Cold Working Toler¬ 

ance (£?£ at Bore) 

Solving the equation with plus values for both Machining 
and Cold Working tolerances will yield maximum diameters 
after cold working? solving with minus value* will yield 
minimum diameters. Both values are shown to the nearest 
.01" for all shipping dimensions. 

b. Length of After Cold Work breech and muxsle discards (seal 
supports) are shown above the tube as an absolute figure 
without tolerance. Show« 

"Shipping Length" 

as an "arrowed" dimension below the tube with length di¬ 
mensions referred to the new breech (established by re¬ 
moving the breech discard). The length tolerance for 
shipping dimencions ic plus .25". 

o. State« 

"Minimum Acceptable Cold Working Pressure Z 

(f,F. X T..5.) P.S.I.» 

. substituting for the term (P.F. x. Y.S.) the product of 
the maximum Pressure Factor of the tube and the minimum 
allowed Yield Strength of the specifications. 

IL 



Shows 

"Maximum uelght For 

States 

Maximum Bore Runout 
Maximum 0„D- Rivaout 

Shlpmept" 

r. o^eo" 
I . :60" 



Title; Process Drawing Type V 

"ROUGH MACHTNKD TO HEAT TREAT ST7,E AND DETAILS OF TESTING" 

Desoription; 

a. Show dimensions of the rough machined casting at Heat 
Treat size with facing, chucking and test metal allow¬ 
ances. The Before Cold Work size will le usod as the 
basis for layout. 

1.) The basic outside diameters wiJLl be 5/9" largor 
than the Before Cold Work sise diameters with 
a machining tolerance of minus l/fl". Decimal 
values will be increased arbitrarily to the 
next sixteenth inch. 

2«) The basic bore diameter will te essentially 
1/2" smaller than the Before Cold Yfork bore 
site, but should be modified to fit standard 
boring tools. Machining tolerance for the bore 
diameter will be plus l/lf"» 

3. ) Allow 1/4" on each end (l/2n total) for facing 
the heat-treated casting to Before Cold Work 
length. 

4. ) Allow 3" on the muzzle end for Lo**Swing lathe 
chuck-hold. 

5. ) Allow 7" on each end (14" total) for test 
metal. 

«.) The machining tolerance for length dimensions 
will be plus l/4"* 

b. Show dimensions for machining to Heat Treat size above 
the tube with all length dimensions (except muzzle iest 
metal) referred to the extreme breech of the casting. 
Show« 

"Dejired Length After Boat Treatment and Test" 

as an "arrowed" dimension below the tube with length di¬ 
mensions referred to the new breech (established by re¬ 
moving all breech ond test metal). This is the length 
required for the Lo*-Swing lathe and will be 3^" over 
Before Cold Work length. 

o. Show the following lengths in the notes 1 

1.) "Minimum Length After Heat Treatment and Test" 



This in Before Cold work: length plus l/2M facing 

allowance. (SW tubes can be salvaged at lengths 

below this Vy mean» of collars. Such practice 

is not reoogriiited on drawings). 

2.) ’’Desired Length Before Cold Work”. 

d. Mako reference to drawing m;nibor of jus pons ion loop near 

muszlo of tube. 

e. Show location of first set of discards and discs. 

f. Show cross section of both brooch and muzzle (fiscs with 

details of tost bars. 

g. Show note "For Additional Details of Testing soe Dwg» 

J-52-30471". 

h. Show tho physical property specifications and oite 

authority for their uso. 

1. Showi 

"Maximum Height For Boat Treatmont" 

3» No conment will bo made regarding bore and 0.D« runouts. 

-14- 
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Title» Proceba Drawing Type VI 

"ROUGH MACHINED TO H3/J TREAT SIZE, DETAILS OF TESTING ¿ND SHIPPING 

sir.*" 

PoBoriptloni 

a* Show dimensiona of the rough machined casting at Hea' 

Treat siso with facing and test metal allowances. Tho 

Finished Tubo (ballistic sise) will be used as tho basi” 

for layout. 

1. ) The basic outside diameters will be 9/l€" largor 

than the Finished Tube diameters with a maùr.n- 

ing tolerance of minus l/lS"# Decimal valuej 

will be increased arbitrarily to tho next six- 

toecth inch. 

2. ) The basic bore diameter will bo essentially 

l/2n smaller than tho finished caliber bore, 

but should be modified to fit standard boring 

tools. Machining toliranoe for the boro di« 

ameter will be plus l/l6", 

3. ) Allow 1" on each end (2" total) for facing the 

heat-treated casting to Finished Tube length. 

4. ) Allow 7" on each end (14" total) for test metal. 

5. ) The machining tolerance for length dimensions 
will be plus l/i". 

If the rough casting to be used is longer than required 

by Items £ and 4, the Gun Division will bo consulted as 

to the proper distribution of the excess metal. This 

will apply particularly when tubes are to bo machined 

from castings designed for a larger caliber gun. 

b. Show dimensions for machining to Heat Treat sise above 

the tube with all length dimensions (oxoopt mustie test 

metal) referred to the extreme breech of the oastihg. 

Show» 

"Shipping Length" 

as an "arro wed'1 dj mear ion bo low the tube with length di¬ 

mensions referred to tho new breooh (established ey re¬ 

moving all brooch end nest metal). This Is 2" over 
Finished Tube length. 

0. Make reference to drawing number of suspension loop near 
mutilo of tube. 

-16- 



d. Show location of first set of discards and dises« 

o> Show eross section of both breech and mussle dises with 
details of tsst bars* 

f* Show note "For Additional Details of Testing soe Dwg« 

J-52-51471". 

g« Show the physical property specifications and cite 

authority for their use* 

h« Showt 

"Maximum Weight For Heat Treatoent", and 

"Metfcimum »eight For Shipmamt" 

i« Statet 

Maximum Bore Runout Z ,976" 
Maximum O.D. Runout 2 •376B 

-Id- 

dM1 " l«Uàlllj kl illdiJlíilul;... likLil ^ „.i llih-,.-JIÉl !!:, .! Itlfl. i^'ll .JljllájAiALílJIilll Uirtü L I tt 



Titles Shipping Drawing Typc gg 

"CPU? WORKED CASTING PREPARATORY TO FINISH MACHINING" 

Desoriptlons 

a. Show diraenaiona of tho cold-worked oaating at Shipping 

— aito. Thia drawing will be eaaentially the aame aa the 

No. IV drawing "Cold Worked ♦ 2# Preparatory to Finish 
liaohining", with the title modified to include tho word 

"Caating" and with the omiaaion of all prccoaa dotaila 

aa After Cold Work diaoarda and local proceeaing notee. 

1. ) Show all length dimenaione above the tube with 

a tolerance of plue ,26". tkeac will #e i- 

dentioal with the shipping dimensions shown 

below the tubo in the Type IV drawing. 

2. ) Outside and Lore diameters will be baaed on 
mnySmim and mH n■intim values shown on the Type 
IV drawing, but will be revised to include an 

additional process tolerance equal to the laat 

term of the general equation, vist 

Shipping Diameter : Diameter^^ f Machining 

Toleranceicw f Expansion 

during Cold Working (Nomi¬ 

nal Vf» at Bore) f Twice the 

Expansion for Cold Working 

Tolerance (2# at Bore). 

cose diameters will be shown as the miniem 
value to tho nearest ,01" with a plus tolerance. 
Outside diameters will be shown as ike maximum 
value to the nearest .01" with a minus tolerance. 

The tolerance in all oases will be the difference 
between maximum and minimum diameters at any 

point, 

b. Show physical property specifieations with tho notoi 

"Bofore Cold Working" 

and olte authority for their use. 

e. As the third line of the title, states 

"As Produced at Watertown Arseyal" 

-17- 



... 

d> Show: 

"MaxlmuiTi Weight For Shipment" 

e. State: 

Maximum ^ore Runout Z .060" 
Majcimum O.D. Runout Z .OeO" 

f» State: 

Inspection Note 

Tubes designated "Irregular" may be 
shipped with underturned areas, but in no 
case smaller than the Finished (Ballistic) 
Tube diameter plus .150", 

The value .15C" is an arbitrary minimum and may 
be increased as required for particular circum¬ 
stances. 

-18- 



Titlet Shipping Drawing Type VIII 

"ROJGH MACHINED CASTING PREPARATORY TP FINISH MACHINING11 

Deeoriptiont 

a* Show dimensiona of the rough-machined heat-treated cast- 

ing at Shipping size. This drawing will le eeaentially 

the same as the Type VI drawing, "Rough Machined to heat 

Treat Si*e, Details of Testing and Shippi.ng with 
the title modified to include the word "Casting' and with 

the omission of all process detail as suspension loop 

reference, test metal, test layout* etc» 

1.) Show all length dimensions atovo the tube with 

a tolerance of plus l/4". These will be i- 

dentical with the shipping dimensions shown 

below the tu1 e in the Type VI drawing. 

2«) Basic outside and bore diameters and tolerances 
will be identical with the dimensions shown in 

the Type VI drawing. 

b. Show the physical property specillcations and cite 

authority for their use. Do not include local process 

restrictions or locally imposed impact or hardness 

specifications. 

o. As the third line of the title, state* 

"As Produced At Watertown Arsenal" 

and assign an Ordnance Office drawing number. 

4. Showt 

"Maximum Weight For Shipment" 

e. State* 

Maximum Bore Runout : .075" 

Maximum O.D. Runout Z .076" 

f. This drawing will compare with the "Rough Machined 

Forging1’ and "Upset Seamless Tubing" drawings issued 

Vifatervliet Arsenal for manufacture of a particular 

Finished Tube, except to show Watertown Arsenal's 

practice as to tolerances and straightness. 
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