CHAPTER-VI-CONSTRUCTION-NAVAL-GUNS

GENE SLOVER'S
US NAVY PAGES

NAVAL ORDNANCE 1937
CHAPTER VI

CONSTRUCTION OF NAVAL GUNS

HOME INDEX

Furnace Practice

Ingots

Whitworth Process
Forgings

Tempering and Annealing
Testing Machines
Summary of Steps of Manufacture of Built-Up Guns
Turning

Boring

Indicators

Bor e Sear ching

Star Gauge

Shrinkage

Assembling the Gun
Shrinkage Pit

Assembling the Parts

http://www.eugenel eesl over.com/USNAVY/CHAPTER-VI-CONSTRUCTION-NAVAL-GUNS.html (1 of 38)7/20/2006 13:20:55


http://www.eugeneleeslover.com/GS-USN-PAGE.html
http://www.eugeneleeslover.com/NAVAL-ORDNANCE-1937.html

CHAPTER-VI-CONSTRUCTION-NAVAL-GUNS

Lining the Gun

Finishing the Gun

Final Turning

Rifling

Determination of Droop
Chasing Thread for Screw-Box Liner
Lapping

Fitting the Breech M echanism
Milling the K eyway

Putting on Y oke

Final Inspection

CHAPTER VI
CONSTRUCTION OF NAVAL GUNS.
Section L.—Manufacture of Gun Forgings.

601. Furnace practice.—Nickel steel aid wun sieel for gun forgings
are made in acid open-hearth furnaees and in electrie furnaces, beeause
of the inereased probability of blowholes and gas bubbles in steel
eonverted by the basie open-hearth proeess, due undonbtedly 1o the
fact that such steel is likely to be more highly eharged with oxygen, The
furnace charge is made up of about one-third pig iron low in phos-
phorus and shout two-thirds plain or nickel-steel serap, sueh serap be-
ing parts of old ingots, euttings, and turnings. The exaet proportions
of pig and gerap depend on the quality and quantity of the serap ob-
tainable, and alzo on the analysis of the pig iron (partieularly its silicon
contentd; but the pig iron generally constitutes from 20 {o 30 per cent
of the charge. The serap, if the produet is to be nickel steel, eontaing
from 2 to 2% per eent niclel.

From 6 to 8 lowrs are required o break down and thoroueghly melt
the charge, and s soon as this oceurs samples are taken, A fracture
test enaliles an experienced person to elosely estimate the pereentage
of carbon in the charge. Other samples are sent to the chemieal labora-
tory, where analysis is made for carbon, manganese, silicon, sulphur,
phosphorus, and nickel. The niekel is not oxidized, and remaing con-
slant, and the amount to be added, if any, is determined from the
analysis and introduced in the form of purs nickel bloeks or “plaques.”

Fvery half-hour after the charge is melted a earben test is made,
until the earbon has been reduced to the desired percentage by oreing
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down. Thiz consists of adding ivon ore from time Lo time, Lake Superior
hematite being senerally used, the reaction being Fe.0,+3C =2Fe
L300, For nickel-steel tubes and liners the earbon is reduced to be-
Lween 35 per cent and 42 per cent, but for “gun steel” the amount of
srbon will i between 42 per eent and .50 per cent. From the results
of the analyses the various necessary additions are made to bring the
mangancse and chromium up to the reguired amount, Ferroman-
panese or spiegeleisen is added to increase the carbon and manganese,
the former being used when a smaller increase of carbon is desived.
Ferrochrome iz added if neeessary, Loam is put in to Inerease the slag,
limestone to thin the sl
118

ConsTRUCTION oF Navan Guns 119

From 10 to 20 hours after the bath is melted, it is tapped into ladles.
Ferrosilicon is added to the ladie to bring the silicon up to the required
amount. The mollen metal is allowed fo run into a large refractory-
lined ladle, and as the tap hole of the furnace is below the slag line,
only n small amount of slag goes into (he ladle, and this remains at the
top; by using bottom-pouring ladles the smount of slag is still further

redueed,
The following table gives the average chemieal eomposition of gun
forgings:
Cinne Sl Mickel Sreel
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IO - e e o e e iy T il
T pA R e O o SR
TR i e e R e NisE A
L ] B oy T R | A8
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602. Ingots.—Two kinds of ingois are used—the corrugated ingot
for gun forgings and the fluid-compressed ingot. The ingot molds are
tapered from top to bottom, the top being smaller. The size of the ingot
ig its diameter at the middle of its height. The ingots are top- or bot-
tom-poured indifferently; some manufacturers top-pour all ingots,
others boltom-pour, and some one-half bottom-pour and one-half top-
pour. A tong hold is left at the top of ingots to assist in handling, which
also serves as a sink head to take eare of most of the slag, segregation,
and piping,

603. The Whitworth process of fluid compression frees the oylindri-
eal ingot of much of its gas eontent and thus reduees the amount of
blowholes and piping. The liguid metal is subiceted o slowly incress-
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ing pressure until about 2,300 pounds per sguare inch is reached. This
pressure is held for four or five hours, or until the metal has entirely
solidified.

The last samples, three in number, are taken during the pouring
of the ingot; two are analyzed for earbon, manganese, silicon, phos-
phorus, sulphur, and nickel, and the result of the analyses is send Lo the
forge, where it is used in determining the forsing heat. The third
sample is taken to a small forge and, without treatment, is forced into
test bars to ascertain the approximate physieal qualitios: this, known as
the “heat test,” gives an idea as to what can be expected of the metal,

As soon as the ingot is cold enough, it is stripped from the mold
and & number is placed on it; this number remains with it for identifi-
cation until it has passed through all of the proeesses and forms a part of
# finished gun, The ingot is immediately taken to an annealing furnace,
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where it i1z slowly and uniformly heated, Soft conal 38 uaed for heating,
and the furnaces are provided with baflle walls for protecting the ingot
from the direct aetion of the flame. The gt enters the furnace at o
temperature of about 1A00° 1., and i= kept at this femperature for
about five hours, after which time the fires are allowed Lo die dewn and
the ingot cools slowly with the furnace. From three Lo four days are
recuired for the cooling of a large ingot.

The ingot is now sent to a machine shop, where it is slung on o large
lnthe, and the specificd amounts of top and bottom discard are re-
moved. If the ingot is (o be nsed for hollow forging, it is put in o boring
mill and rough-bored to the required dinmeter. After the diseard has
been removed, and afier boring (if this operation is required ), the ingot,
if not to be forged in one piece, is eut into blocks of the required sizes,
Thi= ia done in the lathe used in eutting off the diseards.

A weparate number is stamped on each block made from an ingot,
using Lhe ingol numbor as the firet part, and following it with letters
and numbers Lo indieate the relative position of the bloek in the ingot,
These numbers always begin at the brecch or bottom end of the ingot;
thus, if ingol No. 12345 were eut into four pieces, the bottom block
wonld be No, 1234581, the seeond block from the hottom No. 1234582,
and =0 on. [f the whole ingot, after diseards have been removed, is 1o
be nsed in o single forging, i earries ity ingol number and iz desiznated
B1. If any of these blocks are afterwards eul into smaller pieces, the
number given these pieees would be No. 12345B1F1, No. 1234581172,
ete,, numbered from breeeh end of bloek, (The “F” stands for “forg-
ing."")

Before leaving the machine shop the block is examined by a sub-
inspector for signs of piping, blowholes, and other defeets, and the
amount of diseard i checked.

604, Forgings.—Torgings for picecs whose finished inlericr dimen-
sioms are small are forged =olid; larger picces are bored before heing
forged. For instanee, the tube and jacket and B hoops of a 1d-inch
£ waould be f{]rg[:[] 5[||'u_1_: the O and 1D imoprc would be bored before
breing forged.

From the machine shop the bloek is taken to the [orge, where it
is brought to the desired forging temperature in an aeid-lined regenera-
tive, producer gas furnace, or other similar furnaee. This temperatare
is u=ually about 2,100% . I the block is o long one, one end is heated
at a time; the other end, projecting from the furnaee, is used for
handling the picee during the forging operations, the ends being alter-
nately heated and forged undera hydraulie press. Small blocks go en-
tirely in the furnace, and are heated uniformly. The length of time re-
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quired to bring the block to forging heat dependsz on the size of the
block, and the quality of the steel. Great care is taken net to heat foo
rapidly, this heing particnlarly important with alloy steels,

The block, having been hrought to forging heat, is balanced by
means of a porter bar, and talen by an overhead erane to the hydraolie
forging press. There the operation depends upon the kind and shape of
foreings to e maode,

If to be fovged solid, the block is forged down and drawn out, by re-
peated workings, the forging being supporied in a Veghaped anvil
under & slightly concave die seoured to the fup or head of the press,
the pressure being applicd gradually for about three seconds, with
aboul one-seeond intervals betwoen pressures, As the forging operation
is penerally discontinued when the block has cooled 1o about 1,550 17,
severnl heats are necessary for lubes and liners,

The hollow forgings are forged on g mandrel which snugly fits in
them. The forging is done as above deseribed, hetween the V-shaped
anvil and concave tup, as in the cose of solid forgings; and in this man-
ner the hole is not enloreed, butl the wall thickness is reduced, and the
metal is drawn ont along the mandrel. With large forgings about eight
heats are required for this operation, the mandrel being remaoved each
time before the forging is pul back in the furnace.

Short hoops of large diameter are forged on an enlarging bar, the
ends of which are supported on rests, or jacks, on each side of the press,
with the forging hanging free on the bar between them and under the
tup. By this means the thickness of wall is reduced and the hole en-
larged without an appreciable change in the length of the forging, I1
it is neeessary to lengthen a hoop thus enlarged, a mandre] 15 used for
drawing it out as explained above,

Brecch bushings, or serew-box liners, arve first forged or drawn down
hefore being bored, Thus, o forging of this kind for a 12-inch or 14-inch
pun is made from an S4-inch eorrugated ingot, forged down to a diam-
eter of 34 inches, snnealed to relieve it of forging strains, bored through
the center, heated for reforging, pul on an enlarging bar, and the hole
enlarged to the required dimensions. As these bushings are made of
nickel-chrome steel, which is very apt to erack while under the press,
they must be carefully nursed, and two or more reheals are necessary
—one called the shaping heat, and one the finishing heat. Large breech
bushings are always forged in pairs with their breech faecs together,
each ond of the foreing being foreed down in steps as reguired by the
drawings, After forging and subsequent annealing, they are cuf apart
in the lothe before being sent o the treatment department.

When the forging operation has been eompleted, the manufacturer
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sends a forging report and sketeh of the rough forging to the inspectaor.
The report contains the order number, drawing number, deseription of
article, forging number, weighl of dizseard, top and bottom, and size of
hore, The sketeh shows the general shape of the forging, with dimen-
siong, and from this the forging reductions ave fipured.

From the forge all gun forgings are returned Lo the annealing furnaee,
and there annealed at s high temperature (nbout 7537 above critieal)
for a eonsiderable length of time to remove strains and to break up the
previous strueture. This annealing is done generally in an oil furnaee,
A button is taken and exomined under the microscope to determine
whether the metal is ready for tempering.

605. Machining.—After annealing, Lhe forgings are sent (o the ma-
chine shop, where the rough ends are eut off, steady rest hearings
turned, and 1he scale removed. 1f a solid forging, it 15 putl in a boring
lathe and bored out to about 1 ineh less than finished dimensions.
When Lhese operations are completed, the forging is examined for
cracks, signs of piping, or other defects, Prom the maehine shop the
foreing is sent to the treatment department. On shorl picces suffieient
metal is lefi on the instde and cutside to allow for warping in treatment;
on larger picers the forgings are mochined to the required rough forg-
ing dimensions, and if warped in freatment are stroighlened under ¢
press. Suflicient exeess metal is left on each end of the forging to pro-
vide lesl specimens required by the specifications.

606. Treatment—tempering and annealing.—The method of {reat-
ing and annealing the forgings, and o general deseription of the fur-
naees used by one of the larger monufoeturing plants, are here given
withoutl any altempt to diseuss the theory of heat treatment or gpocial
processes or details. Gun liners, tubes, and hoops are lowered vertieally
by means of holding rods and erane into pit furnoees and there brought
to heat for tempering. These pits are of various sizes and depihs, the
larzest boing 60 feet deep and 70 inches in dismeter. They are lined
with fire briek and heated with producer gas supplied through a num-
ber of nozzles or tuvdres piercing the furnoee in rings equally spaced;
the direction of these nozseles being tangential to the walls of the fur-
naee, the forging is nol exposed 1o the direct action of the flame. The
length of time that a forging remains in a furnace depends oo the size
of the forging, its carbon eontent, and the femperature of the furnaes,
Ten to twelve hours are generally requived to thovonghly soak a forging
to the desired temperature.

The oil wells into which the forging is immedistely fmmersed afier
removal from the furnace ave about the same size as the heating pits,
and are also sunk in the ground. Forgings are immersed in the direetion
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of their longitudinal axis, The oil iz kept sontinually in eireulation by
means of & pump which forees it up through the bottom of the well,
the overflow being carried off by a pipe st the top to a tank outside the
building. Aftor about 12 minutes have elapsed, the forging is taken out
and pub inte the annealing furnace, where it is supported, in a hori-
zontal position, on narrow uprights, and pradoally brought to the
desired temperature, This takes from six to eight hours. The annealing
furnuees are heated with produecer gas, and the forging is protectoed
from the direet aetion of the flame, Belf-vecording pyrometers are used
[or measuring the Lemperature, After being brought to proper heat, the
forging is allowed Lo eool slowly, This is accomplished by a complete
or partial reduction of the flame, a5 may be required, depending on
the eondition of the furnace, When eooled to about 300° I, the forging
iz removed from the Turnacee,

When entirely cool, the forging, il a tube, liner, or long hoop, is
tested for straightness; and if warped enough to make this operation
IOCRERITY, il 1= :1g:1'|1: hested (not over 850° T and :-:TJ'r:]'qll[‘m‘:r:ri. It i=
then re-annealed from s temperatore elightly above that given it for
straightening, The forging i= now ready for the company’s test. Trial
bars are taken, and if, in the opinion of the eompany, the forging is in
proper condition, official submisdion is made on a form which gives the
forging number, desoription, and order number, and on the haek of
the form the record of the last trial tests, Upon reecipt of this form the
inspeetor refers to his records; and if the treatment of the piece is satis-
factory, the official test bavs are laid out as preseribed by the specifien-
tionz, These bars are slobled oul and maehined in a speeinl shop, which
iz a braneh of the treatment department and wherein only this elase of
work ia done. The stamping of test bars and the witnessing of the test
is done by a sub-inspector. CHAPTER VI, PLATE |

607. Determination of physical properties.—When steel for any of
the above purposes is produced, tesls are made to establish ils suitabil-
ity for the particular purpose for which it was intended. These tests
involve subjeeting specimens of the metal to the action of different
stresses in testing machines, and observing, by means of aceurale meas-
uring instruments, the deformations produced by these siresses,

(08, Testing machines.—The testing machines are generally & com-
bination of levers for recording the stress, and a gystem of gearing or
hvdranlic machinery hy which the stress is produeed.

600. Test specimens are usually prepared to an adopted shape, In
the ease of gun forgings they are eylindrieal, and are tumed to the same
dianmeter for a certain length, vsually not less than 2 inehes and not
more than 10 inches for tensile testg; and in addition, ends are allowed

N 1 1

-
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for the purpose of attaching the specimen to the machine, For com-
pressive tests the specimen is also eylindrieal, the height being twice
the diameter. The eapacity of the machine limits the diameter of these
speeimens.

In making a tensile test, the specimen is marked at two points as far
apart as the finished length between grips will allow, and the length
is earcfully measured between these points. The diameter is also meas-
ured by micrometer ealipers. [t is then placed in the machine and sub-
jected to suceessive tensile stresges, the elongation being noted for
eagh stress, l][]”i when the load i is on and after it has been removed.

- . - L] e 2Tt ] |
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610, Spealiciiions govermng Lhe manilaciure of oTdnance materal,
which are changed from time to time to keep abreast of the best metal-
lurgien] practices and resulls, state the physieal requirements the ma-
terial must fulfill, and these requirements are carefully cheeked by in-
speetions, by analysis, in the testing machines, and by various proof
tests al the Proving Ground.

Section [I.—The Manufacture of Built-up Guns.'

611. Introduction.—In this section there will be given briefly a
general deseription of gun shop praetice in the manufaeture of built-up
guns from the receipt of the rough forgings to the finished gun, As the
subjeet of design has been previously discussed, it will not be again
ennzidered, The description given is, in general, that followed at the
Naval Gun Factory, Washington, T0.C.

612. Places of manufacture.—Cuns for the naval serviee are manu-
factured at the Naval Gun Faetory, at private plants, such as the
Bethlehem Steel Company and the Midvale Steel Company, and also
at the United States Army Arsenal, Watervliet, N. Y. The greater
portion of the work, however, is done at the Naval Gun Factory.

613. Summary of the various steps of manufacture of a built-up
gun.—The following is a summary of the steps of manufacture:

(1} Receipt and inspeetion of forgings.

(2 Machining the forsings o the required dimensions.

(3) Assembling the various parte in the shrinkage pit.

(4 Finishing the gun:

(a) Machining the bore to final diameter.

(b} Machining the chamber.

{e) Machining the outside surfoce to finished dimensions.
(fl} Rifling the bore,

i For additional detsils of the construction of built-up guns, reflerenee is made to
Chapter IX, Nava! Orduance 1933, Many detsils of the latter chapter have hboen
prmitied in this edition as unnecezanry in the course af instruetion for midshipmen,
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e} Determinine the droop.
if) Cutting the serew-hox liner thread.
()] Lapping the bore,
{b) Titting the breeeh mechonism and reaming the gas-chock
gealt,
(i} Milling the keyway and inserting the loey.
(7] Installing the yole.
(lx} TFinal inspection prior to proof,
{5) Bending Lo the Proving Ground for proof, Returning to Gun
Factory for inspeclion prior to issue to servieo,

MACHINING THE FORGINGS.

614. Receipt and inspection of forgings.—lorgings, when reecived
al the gun factory, are examined for the marks required io he placed
on them by the Naval Inspeetor of Ordnanee at the plase of manu-
fncture. They are measured Lo see if they are within the allowed toler-
ance, weighed, and inspected Tor defects. xeept for the smaller forg-
inge they are rough bored by the manufoeturer,

615. Turning.—After a forging has been centered in the turning
lathe, & light eut is taken just deep enough to remove the seale. The
work is revolved while the tool is fed along in its carringe. This eut is
the only eitzide eut taleen until the parts to be assembled over it have
been bored and star-ganged (see Arl. 6193, and the shrinkage sheets
pompleted.

After the shrinkage sheets have been made out, the turning is con-
tinued, sometimes as many as four tools being employed at the same
bime on fwo or more earringes, For finishing euts, tools 1 to 2 inches
wide are used. Dimenszions are kepl within the toleranee speeified on
the ghrinkage sheet, usually within 0.001 inch, Bnap-ganges, set by
rods of known length, or beam-calipers, are used to check the dinm-
ifers.

Plate 1T shows the forging for a 14-ineh tube set for turning.

616, Boring.—I"or boring short hoops a boring bar with w entting tool
attached at its end is used, The bar is held and fed along by a earriage
a5 the forging is revolved,

For long eylinders, owing to the sug and spring of a boring bar, a
packed il is necessary. A packed bit, as shown in Plates 111, IV, and
V, eonsists of a cylinder of oak, about 4 calibers long, built on a steel
frme. Two eutiers, diametrically opposite, are set in o frame at its
forwamd cidge to the size of the hole it is intended to hore, The diametor
of the wood paeking is maintained a few thousandths greater than the
diameter of the cutlers in order, by its foreed fit in the bore, to furnish
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CHAPTER VI, PLATE 1I.

[xpreaTor MoustEn o Toon CarRIAGE.
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CHAPTER. VI, PLATE IV,
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CHAPTER VI, PLATE V.
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CHAPTER VI, PLATE TX.
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a steady bearing for the eutters. In boring out eylinders which have two
or more internal diameters, the after end of the bit is filted with picecs
of wood lageging turned to the diameter of the larger bore. A conical or
fapered Bt (zee Art. 624) is used for boring the tube to the required
taper to receive the liner. The shank of the bit is secured to a boring
bar by means of a threaded section, The packed bit boring bar is a
long bar which is supported in severnl bearings and which is driven
longitudinally by a motor drive.

Frequent inspections are made during the boring to see that the
hole is true. Fvery few inches the bit is withdrawn and the hole iz
indicoled and tested by star-gauging, Four euts are usually required to
finizh a bore, two rough and two fine,

617. Indicators.—To ascertain whether a bore has been turned true,
it is indicated for eccentricity by the use of a balance vod, an fndiealor,
or a dinl indicator.

The principle of the balance rod is shown in Fig. 601. The end of the

Fulo. 60l —Baraxce-ton, or TvplesTon.

rod in the bore is fitted with a small roller and the other end with a
pointer. An arbitrary zero mark is established for the pointer, and, if
the bore is not eceentrie, the pointer will not meve from the zero
mark as the forging is revolved. The bore is indicated every few inches.
i The indicator operates on the same prineiple as the balanes rod, but
is more compaet. Il is shown in the lower picture of Plate 11, The long
puinter of the balanee rod is replaced by a shorl arm whose movement
is multiplied by a series of levers. The weight of the long arm in the
bore is compensated by a counterweight.
F Tor more aceurate indieation a déal indicator (see Plate V), which is
mounted on the end of a long telescopie pipe placed in the bore, is used.
As the forging is revolved, the eceentricities of the bore, pressing against
a spring-loaded arm, cause o hand on the face of the dial to rotate in
either direetion, giving plus or minus readings in thousandths of an
inch. A telescope enables the observer to read the illuminated dial face.
618. Bore searching’—After every cut the bore is inspeeted by
means of a bore seaveher for digeoloration, eracks, streaks, or other flaws
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that may have developed. A bore searcher, as shown in Plate VII, con-
gists of a long handle holding a mirror inclined 45° to the axis of the
handle and ineandezeent eleetrie lights, which are hooded to throw
their rays out radially, The observer, sighting through a telescope, ob-
serves the =ide of the bore reflected in the mirror. If any flaws are
noticed, they may be scratehed with a pricker to determine their
depth., A pricker is a sharp steel point mounted on a light wonden raod
and at right angles to it.

619, Star guage.—A siar gauge (Plate VIII) is used to measure ac-
curately the inner diameters of any large eylinder, It consists of a head,
at the end of a long tube, with three metal points extending rudially
through it, 120° apart. Different points of lengths suitable to the bore
to be measured are employed. Springs keep the bases of the points in
contact with a eone inside the head, As the eone is advanced axially
by means of a rod passing through the length of the fube, it forces the
points radially outward, the amount of movement being read on a
vernier on the handle end of the rod, The zero mark of the vernier is
checked by pressing the points into a ring of known dinmeter. A first
set of readings is taken with the points set thus: @, and a seeond set
with the points thus:@. The average of the two readings is taken as the
average diameter of the bore at that point. Three-pointed centering
rests are clamped to the tube al intervals properly to support it. Both
the tube and rod eome in sections io adapt the gauge to any required
length,

After o gun has been rifled {see Art, 628), the grooves and the lands
are star-gauged. Special points with ends shaped to fit either the
grooves or the surface of the lands, respectively, are employed (sce
Plate V1).

All star-gauge readings are entered on a gun record sheet.

620. Shrinkage.—The shrinkages between the various eylinders are
worked out in the design of the gun. Shrinkage between two eylinders
is the difference, before assembly and when both parts arve eold, be-
tween the internal diameter of the outer one and the external diameter
of the inner one. The shrinkage between two eylinders is not neeessarily
the same throughout their lengths, but may, and usually does, vary,

ASSEMELING THE GUN.

621. The modern heavy built-up naval guns are designed and con-
stroeted with shrunk-in conieal liners, This design expedites the recon-
ditioning of the gun by relining after it has been worn out in =service.

The steps in building up the gun are as follows:

{a) Assembling the B hoops on the tube Al

http://www.eugenel eeslover.com/USNAVY/CHAPTER-VI-CONSTRUCTION-NAVAL-GUNS html (20 of 38)7/20/2006 13:20:55



CHAPTER-VI-CONSTRUCTION-NAVAL-GUNS

tING REST

e

VEANIER HANDLE

gy

HEAD FITTED TO WEASURE LARNDS

A HIVTd ‘TA HTLAVHD

TEST RIMNG

HEAD FITTED TO MEASURE CRODVECS

Stan Gavar InsTRUmMexT MouxteEn axp Reany vor Use,

http://www.eugenel eeslover.com/USNAVY/CHAPTER-VI-CONSTRUCTION-NAVAL-GUNS html (21 of 38)7/20/2006 13:20:55

FEL

AINFNAH() TVAYN

TA ALY Td ‘TA HALIYHD

NI} TVAY N 40 NOILOASIENO)

&

EET



CHAPTER-VI-CONSTRUCTION-NAVAL-GUNS

(CONSTRUCTION OF Navar Gung 135
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the floor, in the middle of which is loeated a metal pot or centering
mandrel inlo which the end of the tube or gun is placed. Holes in the
center of the pot permit pipes for eooling waier to enter the bored
forging. The length of the eleetrie eylindrieal furnaes, whieh iz buill in
sections, may be varied to suil the forging to be heated. Temperatires
as high as 500% I are used, depending upon the size of the forging and
the shrinkame desired.

One pit at the Naval Gun Faetory i9 sunk to o depth of 100 foet
{(Plate 1X) and is divided into ten wells or platform levels, five on a
side, which are served by a staivway and an elevator, A sump tank col-
lects the drainage water used in cooling the assemblies, Fleetrie pumps
are employed for carrying off thiz water,

623. Assembling the parts.—The gun is built up around the tube,
which is placed breech end down in a cold pit, its end resting in a pot
which has o short mandrel extending up into the bore of the tube to
steady it. No other support is given the tube, The outer surface is
given a coal of a mixture of graphite and light oil. Tn the meantime the
B hoops ave placed in furnaces and brought up to heat, The B1 hoop
is then removed from its pit and s internal dinmeter tesied by eross-
points of known lengths, which are mounted on a long handle, Tt is
then loweraed over the tube. T'o prevent undue absorption of heal in the
tube as the hot jacket is lowered over i, eirculaiing waier, coming
from and discharging through the pipes extending through the man-
drel, i= eonstantly run through the tube to keep it conl, Were this not
done, the tube might expand and grip the jaclket unevenly, When the
jneked is in position, o cold waler spray from a civenlar perforated pipe
is turned on the breeeh over the tube shoulder to insure that the jaeke
will grip there first. A spray from a cage of cirenlar perforated waicer
pipes is Lthen turned on, beginning at the breech end, The sprayving
eage iz then lifted slowly in accordunce with o preseribed wator sehed-
ule along the length of the jocket, gradunlly cooling the hot forging
toward the muzzle. When ecol the longitudinal controction and the
dinmetrieal expansion are measared and eompared with the ealeulated
valies, The other hoops are put on in a similar manner,

When the gun is assembled it is removed from the pit, placed in a
lathe, threaded at the joining of the D or outside hoops, and the loek-
Ing rings serewed on,

624. Lining the gun.—The gun is now ready Tor conical boring
of the Lube preparatory to nesembling the liner, The boring is aeeom-
plished in o boring lathe with a series of conieal packed bits, tapering
from the diameter st the breech end of the bore 1o that at the muzsle
end, Tach of these bits is cquipped with two eutiing tools spaced 1507

T rromErrArrTaAr o W para s f Ceears 1 50T
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apart and extending throughout the entire length of the bit. After bor-
ing the gun is star-ganged for each inch of its length and bore-zearched.
The shrinkage sheet to be used for machining the liner is then prepared.

The liner is turned, bored, measured, and inspeeted, similarly to the
preparation of other parts, except that the turning lathe is geared so
that it will taper the liner the required smount,

The assembly is made by heating the gun in the furnnee, muzsle
end down. When the gun is heated, the liner and itz fittings are sis.
pended from a crane, and held in a standby position near the furnace
(Plate X). The liner, having previously been fitted with o water-tight
muzzle plug, is then filled with water to prevent undue absorption
of heat and expansion while being lowered in the tube. After a eenter
geetion of the furnaee top has been removed and the liner has been
centered over the tube hore it is slowly lowersd in the gun until it s
seated (Plate XT). The holding down yoke and jack are then positioned
and hydraulic pressure is applied to hold the liner on the tube shoulder
during eooling (Plate XI11).

The water is lowered in the liner at a pre-determined time-distance
water schedule by lowering the overflow pipe. It is thus possible to
eontrol the progress of contact between the liner and iube. The upper
goetion, from which the water is lowered, is permitted to absorh heat,
expand, and engage the tube progressively.

The gun is now completely built up and ready for finishing.

FINISHING THE GUN,

625. Machining the bore to final diameter.—~When the gun has
eooled to shop temperature, it is star-gauged, the eompressions due to
shrinkage are recorded, and it is then turmed in g turning lathe to within
approximately 07.2 of the finished diameters. The bore is next finished
to the required diameters, two euts with packed bits heing required.
The allowed toleranee in the finish boring is only 07.002 oversize and
gero undersine.

626. Chambering.—The chamber is next bored to the finished size.
There are two general designs for powder chambers: those for bag
guns and those for enrtridge-ease guns,

In the former the chamber, during the machining of the bore, is
bored out to the diameter of the cholie (Chapter 1V, FPlate 1), Beginning
just forward of the location of the chamber rear slope, the diameter
is next enlarged to its full ehamber diameter for =everal inches, The
rear slope is then machined by a tool held in the tool carriage. The
chamber eylinder is then maechined out as far as the chamber front
elope. The front slope, the shell centering slope, dnd the band slopes
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are then bored by formed eutters. Chambers for eartridge-case guns,
which have no cholee, are much simpler to bore,

Bag gun chambers are checked by star-muuging and by length rods,
while eartridge-ease guns are checked by fitting in a pange made to the
maximum dimensions allowed for the eartridge case.

627. Final turning.—BRefore rifling, the gun is turned down to the
finished dimensions, the bell muzzle is finished, and the gun is faced
off to the correet length. Extra metal during the construetion of the
gun was left on the outside hoop at the muszzle for the purpose of
maechining the bell muzzle. The purpose of Aaring out the muzele in
Lthe form of & bell iz Lo add extra strenglh to prevent splitting, as the
metal at the extremity of the gun is nol supported on the forward
gide. In guns which are hooped to the muzzle, the tube and liner
project about 0,25 inch bevond the end of the hoop.

628. Rifling. —The meehanical process of eutting grooves in the
Anished bore surface of & pun is known as rifling. They are cut from the
compression 2lope, which iz known as the origin of vifling, to the muzale.
(Sep Chapter IV, Plate 1) Hifling i= done in 2 machine resembling a
Loring lathe, cxeept that the rifling bar, which takes the place of the
boving har, has a spiral slot cul in itz surfaee, the piteh of which cor-
responds Lo the pitel of the rifling it is desired Lo cul (Plates XTIT and
XIV). A different rifling bar, therefore, is required for each type of gun,

The method of eutting the slot in a rifling bar is shown schematieally
on Plate XIV. An extension of the bed plate alongside the rifling bar
earries & steel spline (Plate XIIT), which iz sel (o the form of the de-
veloped rilling by setserews. For rilling of uniform twist the develop-
ment is 8 straight line; for inereasing twist, o eurve. By means of the
gpline, the pinion gearing, and the raek, one end of which is kepl
pressed against the spline, the rifling bar is revolved at the proper
rate as it iz fed past the stationary cutting tool.

The rifling head, a hollow eyvlinder slightly smaller than the bore of
the gun, is keyed in a socket in the end of the rifiing bar (Plate XV).
The eutting tools are set in pockets placed at equal intervals eircim-
ferentially around the forward edge of the head, the number of tools
being half the number of grooves to be eut. A econe, which is moved
axially inside the head by a serew, iz employed to move 1the tools out-
ward. The serew, which has a vernier to indicate the position of the
cutting tonols, is reached through an opening in ihe side of the head.
A pin, projecting through the front faee of the head, when pushed in,
caizes the cutters to eollapse inward, thus enabling the head to be with-

drawn without danger of scoring the bore.
A wiflivn 4o damnn Peein B FRRee s, PRENE (R T RS | I SB[ BSOS EPRRRER i P 1
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with the bar, the bar is advaneed {or the first cui. A lug in the forward
steady rest bearing engages in the rifling bar slot and rotates the bar
ws the head iz fed into the gun, cutting the grooves with the eorrect
piteh. About 100 to 150 runs of the rifling head are required to com-
plete one-half the grooves in a 14-inch gun. When the first half of the
rifling is finished, the head is rotated to bring the cutiers into position
for the seeond set of rrovves. The eutiing (ools are rezet and the rifling
operation begins anew,

After rifling, the lands and grooves are star-gauged.

629. Determination of droop.—In order that the gun, when finally
mounted, may be in the most advantageous position, it is now tested
to asecriain the point of least droop. It is eentered in a lathe, the
breeeh end is gripped by the jaws of the face plate, and the point where
the gun will be supported by the trunnions is held by steady rests,
The gun is now revolved, and by means of a small pring indicator held
against the muzzele, the points of greatest and least comparative droop
are determined. The position of the gun in which it shows least droop
iz noted and marked as the top. The threads for the screw-box liner
are loested from this line 2o thail the gun and the top of the breceh
mechanism will eorrespond when assembled,

630. Chasing thread for serew-box liner,—In all guns from 3 to 16
inches, inelusive, the serew-box threads arve eut in a separate liner
which screws into the broceh of the gun—in some eases inlo threads
cut in the jacket; in others, as the 14-inch, into threads cut in the
C1 and D1 hoops,

Assuming that a 14-inch gun is being constructed the gun is placed
in the lathe, muzzle end to the face plale. The after ends of the tube
and jacket are faced off as one surface, the C1 hoop faced off an exact
Cdistance in rear of the tube and jacket, and finally the TV hoop faced
off an necnrately ganged distanee in vear of the C1 hoop.

The C1 and D1 hoops are then bored out to exaet diameters. The
thread is then chased, starting at the point determined by the droop
measurements, o that when the serow-box liner is serewed home the
eorrect part of the gun will be up.

The serew-box liner is then fitted to the gun, the liner firmly taking
np arainst the tube, the jacket, and the hoops. When seated properly,

& two holes are drilled and threaded for large keeper serews which lock

= the serow-box liner in the gun,

& 631. Lapping.—The bore is given a final cleaning and polishing
known as lapping. The gun is placed in rests, and the lopping head
(Plate XVI) is drawn baeck and forth on a wire eable whieh auto-
matieally reverses itself at the end of travel. To lap the lands o head

http://www.eugenel eeslover.com/USNAVY/CHAPTER-VI-CONSTRUCTION-NAVAL-GUNS.html (31 of 38)7/20/2006 13:20:55



CHAPTER-VI-CONSTRUCTION-NAVAL-GUNS

146G Navar (OmpNANCE

is used whieh has several segments of wood eovered with emery eloth
lield out against the bore by springs, To lap the grooves, a head having
segments of lead eut to fit the grooves is used. The groove lapping head
i¢ first smeared with fine emery and oil. Finally, a head, such as the
squirrel-cage bore cleaner, covered with burlap and waste is run
through to clean the bore. The squirrel-cage cleaner, constructed of
flexible strips, may be adjusted to fit bores of various sizes by setting
up or glackening a threaded hand-wheel nut.

Though not connected with the subjeet of gun construction, it is
well to mention here the guestion of lapping guns aboard ship. Quite
frequently the bores of guns in servies become constricted to such an
extent that a bore gauge of the same diameter as the projectiles to be
fired cannot be pulled through the guns. Ordinarily this constriction is
due to an acenmulation of copper from the projeetiles’ roiating bands,
and us such is not considercd especially harmful or dangerons to the
gun, However a constrietion is sometimes cansed by a shoulder on the
liner over-riding the eorresponding shoulder on the tube, or by the
mandreling cffcct of the projectile already mentioned, that is, its
tendeney to “squeeze” before it the metal of the liner, and thus to
clongate the tube. The end of the tube thus elonpated is causzed to
project from the muzzle, but is not harmful, and the projection may
be faced off when neeessary. The gun liners sometimes ercep to the rear
or breech end. When this ocears it will frequently be found impossible
to elose the breech plug, The only remedy then is to face off the rear
end of the liner and take & light cut off the gas cheek seat sufficient to
permit plug closure. If this liner should subsequently ereep forward,
in a bag gun, the danger of a blowback is greatly increased. In guns
now in service the following methods have been employed to prevent
rearward ereep of gun liners: (a) Seme liners are prevented from ereep-
ing to the rear only by the compression of the tube; (b) some liners
are welded at the after end to the tube; (e) some liners are seeured to
the tube at the after end by a locking ring; (d) some liners are held in
position at the after end by abutment against the serew-box liner so
that the gun liner cannot creep aft except with the tube.

The “squeezing’ of the metal is resisted at the shoulders, causing
the metal to “pile up” at these points, thus reducing the diameter of
the bore. A knowledge of the positions of the shoulders in a gun liner,
which may be obtained from the drawing of the gun furnished the ves-
sel, will, therefore, give an indication of the nature of an obstruetion
diselosed by the bore gauge, that is, whether it is due to eopper fouling
or to constrietion of the liner. In the ease of & eonstriction of the liner
it becomes necessary to remove the obstruction by lapping the tops of
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the lands. For this purpose it was customary for ships to construet
their own lapping heads, usually of bloeks of wood =et oulward hy
gprings against the bore of the gun, the whole head being then covered
with emery eloth. A line was attached to each end of the lapping head
and drawn back and forth by members of the gun's erew, Care had to
be taken not to draw the lapping head beyond the aetual limits of the
constrietion, as chown by megsurement of the points where the bore
gange stuek, in order to avoid unnecessary wear on the gun. Such
lapping heads were more or less erude in construetion, and when possi-
ble the work was done al navy vards. The latter are now provided
with the necessary equipment and measures gre being taken also o
supply lapping heads afloat,

632. Fitting the breech mechanism.— (1} The neceszary holes for
fitting the breeeh mechanism are drilled, the hinge lugs are put in
place, and the breech bloek fitted. Previous o fitting the breceh bloek,
it is tried in & dummy gun so that, when the nal fitting takes place,
the work will not be so difficult. There is always n groat deal of hand
work required in fitting every breeeh mechanizm.

(2} After Lhe breech plug is in place, the gas-check seat is reamed,
This is & most particular operation in the proeess of fitting the broeeh
mechanism. A perfect fit of the split rings and gag-eheek pad iz neees-
gary to prevent blowbacks. A blowback is the wire drawing of the hot
gazes of firing o the rear over the gas-cheek system with the conse-
quent burning of the split rings, pad, and gas-check seat. Such 2
casually may readily put a gun out of service. To Lest the aceuracy
of the fit, Frussian blue is smearcd lightly on the gas-checl seat, and
the plug closed. A perfeet fit iz indieated by the split rings and pad
showing a light even coating of blue when the plug is again opened.
Iigh or low spots in an imperfeet il are, of course, denoted by the
presence or absence of blue,

633. Milling the keyway.—The keyway on top of the gun iz milled
out and the key, which keeps the gun from turning in its slide, is in-
serled and held in place by enuntersunle serews,

634, Putting on yoke.—The yoke, of forged or east steel, may be
put on in several wavs, In the smaller guns it is ofien screwed or
shrunk on, but in most large caliber guns, neluding the 1d-inch, it is
put on over the breech and abuts against a shoulder on the D1 hoop
which prevents its forward movement. Just in rear of the voke an
annular slot is turned in the gun, in which two sections, each about 60°,
of a steel ring are secured by eountersunk serews, one at the top and
one at the bottom of the gun, to prevent backward movermnent of the
voke. This annular slot for the backing ring is cut whenever con-
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venient during the finishing processes of the gun. The yoke is now con-
gidered part of the gun.

The rear eylinder and the slide eylinder of Iate 8-inch guns are of
the same diameter 5o that these muns may be mounted and dismounted
through the face plate of the turret, leaving the slide in place. These
guns have an annular glot near the breceh for securing the gun yoke.
A forged steel ring which projects above the gun rear evlinder and
which is made up of two 180° sectiong is seeured in this annular slot.
| The voke has a shoulder on its forward side which rests agninst the
after side of this steel ring, The yoke is held in plaee by o bronge loek-
ing ring serewed into the yoke from the forward side. The locking ring
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has a shoulder on its after side which brings up against {he forward
side of the steel ring set in the slot (sec Fig, 603).

635. Center of gravity.—For the first gun of a type the computed
center of gravity is cheeked by balancing the gun, with its breech
mechanizm, projectile and charge, on knife-edges.

636, Weight.—The gun, withoul the brecch mechanizm, is welghed
and the weight stamped on the breech face.

637. Final inspection.—It iz given a final inspection, and if satis-
Tactory, marked with the place of manufacture, year, mark, number,
weight, and the initials of the superintendent and inspecting officer.

638, Proof —It is fitted to its slide, and then sent to the Proving
Ground for proof. If satisfuctory on proof, it is returned to the Gun
Factory where it iz relapped, bore-searched, star-gauged and izsued to
serviee,
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639. Relining.—(1} When a gun has fired a considerable number
of rounds, the actual number depending on the ealiber of the gun and
powder pressures used, the bore beeomes eroded to such an extent thas
the gun gives undue dispersion. It then becomes necessary to reline
the gun in order to recondition the bore. When relining, the worn liner
is withdrawn from the breech end and a new one inserted in its place.
The procedure for assembling the new liner is the same as previously
deseribed,

(2) To withdraw the liner, the breech end of the liner is threaded
and the pulling apparatus is assembled on the gun. The gun is then
heated in the furnace io a temperature of G00° F. and 550° F. at the
muzzle and breech, respeetively. When the gun is healed, the liner is
chilled by water circulaling rapidly through the bore, eausing eontrace-
tion of the liner relative to the gun. The liner ig then unseated by
means of hivdraulic jacks and lifted elear by a erane.

Section IIL—The Manufacture of Guns by
Radial Expansion.

640. Preparation of the forging.—After acceptance tests the hol-
low steel forging is turned down nearly to the maximum outside eir-
cumfercnee of the finished gun and is securately bored slightly smaller
than the finished diameter. The breech end is drilled and tapped to
receive & high pressure pipe conneetion from the pressure intensifier,
and the muzzle end, a connection to a high pressure gauge, Kach end of
the forging is prepared to receive packing and serewed-in plugs.

641. Equipment.—An intensifier is o unit where the pressure of an
hydraulie pump is eonducted into a large evlinder having a piston con-
neeted {o a plunger of smaller dismeter which works in another eylin-
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der, and is employed to ereate the great pressures necessary for radial

expansion. The liquid, glyeerine, from the intensifier passes through a

high pressure pipe connection to an annulus between the arbor or eore-

har and the forging, The arbor, several hundredths of an ineh less in
diameter than the bore of the forging, is inserted in the bore, thus re-
ducing the amount of liquid necessary for expansion. Packing, at cach
end of the bore, is held in posifion by serewed-in plugs to seal the
liguid under pressure,
642. Radial Expansion.—The iniensifier sets up o pressure between
about 45,000 and 100,000 pounds in the eonneetion; the annulus, the
| gauge connection, sl the gauge. As the pressure iz applied, the dila-
tions of the forging are measured and checked against a theorctical
curve showing the relation between the bore pressure and the dilation
of the outside diameter, When the internal pressure has reached such a
value that the metal of the outer surface of the forging has been brought
to its elastic limit in eirenmferential tension, the end of the semi-plastic
r period is reached and the pressure is not further inereased. The pumps
are stopped and this pressure is held for several minutes, On release
of the pressure, which is done by lowering the rmm of the hydraulie
rump and allowing the plunger of the intensifier 10 be foreed out, the
interior wall of the forging closes in, but is unable to return to its
original dimensions. The bore and the exlernal diameters will have
been slightly enlarged beeause of the permanent deformations set up
by the liquid pressure, but the release of the pressure leaves the inner
half of the forging under a compressive stress, which is 0 maximum
at the bore, the outer half under a stress of tension, which is a maximum
at the outside, and at the eenter of the forging a point of zero stress.

A mild heat treatment is then given to the forging, which has the
effect of making permanent the inereased clastic strength acquired
by the aulofrettage pressure,

The forging is again set up and the asutofreltage pressure is reapplied
several times. The boro, the outside diameler, and the length are meas-
tired to find what alterations in gize have taken place. The surplus ma-
‘terial at each end of the forging is eut off, and the forging is then
finished bored, turned, and rifled similarly to the process desoribed for
‘built-up guns.

. 043. Present limits of the radial expansion process.—At present
the radial expansion proeess, as applied to monoblock (1-pieee) guns,
bas been limited in our serviee to G-inch guns and those of smaller
Calibers, because of the difficulty in obtaining the required physical
Charaeters (i.c., clastic limii and ductility), and homogeneous metal,
in a larger single forging. There are no physical limitations, however,
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huﬂudmgmemmthmuhmm'mmhm;m
than r,Su' guns would still have f each
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jﬂkﬂlhnmlnmthe mternfguwﬂyu ahnuf.lhe nmu pulnt as
in t'lm built-up gun, Fm'thennnm, the ndditiunsl wught h L

mount strueture. mmmvwmmm@w
28,000 pounds less than the 8-inch built-up gun designed for the same
muzzle veloeily, and it ix not necessary {o saerifice all this saving in
weight for a heavier mount.

ﬁ-u Adtuh:amf udhﬂrupude& gunl.—-‘lﬂ'mn compared with

, length, muzzle velocity and rifling,

tha mdinllj' a:pmded ;un is stronger, and, hence, will withstand
higher explosive pressures. The latter permits a smaller chamber
volume, smaller ehambrage, and a slightly smaller charge. A smaller
charge will reduce slightly oston rate, The outside of the gun i
smaller. Most important of all, the mht is considerably less. The
cost and time to build is greatly reduced. Less labor is required. Less
machine and other work is necessary, The construetion output may be
gmtar
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