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METHOD OF WAKING RECEPACLES FOR 
PYROTECHNEC FLNGS 

Alfred P. Barton, United States Navy, Chevy 
Chase, Md., and Edwin P. Hurd, Detroit, Mich. 
Application May 11, 1945, Seria No. 593.168 

(C. 29-148) Clain. 

The present invention relates to a method of 
simultaneously sizing and finishing internal 
chambers in metallic bodies. An important ob 
iect of the invention is to provide means where 
by Such a chamber may in a single rapid and 
Single operation be accurately sized to close 
tolerances while the walls of the chanaber are at 
the same time work-hardened and burnished. 
A related object is to provide an improved 

article of manufacture having a sized, burnished 
and work-hardened orifice possessing the indi 
cated characteristics. 
The method and article embodying the present 

invention are designed primarily for use in mass 
production manufacturing operations. The rel 
atively low cost of Simultaneously sizing and fin 
ishing such an internal chamber, according to 
the present invention, permits the use of the 
method and article in many applications in which 
the costs of conventional methods make Such 
uses commercially prohibitive. 

Prior to the present invention, the sizing and 
finishing to precision limits of an internal cham 
ber in a metallic article was a costly and time 
Consuming operation requiring several separate 
steps. In forming a cylindrical chamber, for 
example, one conventional method included a 
rough drilling of the body portion to provide 
two holes of different diameters and thereafter 
required a separate operation to size and then 
to finish each hole. When forming and sizing 
Such a chamber within close precision limits, it 
was necessary to change the sizing tool fre 
quently and even then variations due to the wear 
of the tools caused the rejection of many parts. 
When the charaber is to be formed in a shape 
other than cylindrical, such for example as when 
it is to be elliptical, Square, hexagonal, rectangu 
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lar, triangular or the like, the existing conven 
tional methods required an even greater rum 
ber of Separate expensive and time consuming 
sizing and finishing operations. Also, if the in 
terior chamber was to be formed in the shape of 
a helix or spiral, the conventional methods were 
not satisfactory because of the poor results 
achieved, as Well as because of the cost of the part 
and the time required for the sizing and finishing 
Cf Such an internal chamber. 
Among the principal objects of the present in 

vention, therefore, the following should also be 
Stated: 
To provide a novel method of manufacturing 

a metallic article having a sized and finished in 
ternal chamber of a regular configuration, the 
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To provide a novel article having an internal 

chamber of any desired regular configuration in 
a metallic body, and in which the said chamber 
is sized and finished in a Single operation to hold 
the sizes thereof to dimensions maintained within 
close precision tolerances. - 
To provide a novel mass production method of 

simultaneously sizing and finishing Within close 
precision limits an internal chamber provided 
in the metallic body portion of an article. 
To provide a novel method of Simultaneously 

sizing and finishing an internal chamber in a 
metallic article while maintaining the chamber 
in the desired shape and holding its dimensions 
within close precision toleranceS. 
To provide a novel method of simultaneously 

sizing and finishing an internal chamber in an 
article to provide a burnished, densified, Work 
hardened surface on the interior walls thereof, 
While naintaining the dimensions of the cham 
ber within close precision tolerances. 
To provide a novel method of Simultaneously 

sizing and finishing an internal chamber in an 
article by using an integral structural element 
of the finished article as a Single use sizing and 
finishing tool, the said element after its use as 
Such tool being seated in the chamber to become 
an integral structural element of the finished 
article. 
Other objects of this invention will appear in 

the foilowing description and appended claim, 
reference being had to the accompanying draw 
ings forming a part of this specification wherein 
like reference characters designate correspond 
ing parts in the Several viewS. 
In the drawings: 
Fig. 1 is a longitudinal section of a completely 

finished and loaded tracer assembly constructed 
in accordance with the present invention, show 
ing the same installed in a projectile which is 
fragmentarily illustrated; 

Fig. 2 is a sinnilar sectional view of the tracer 
body and relay portions prior to completion of 
the simultaneous sizing and finishing of the in 
ternal chamber in the body. 

Before explaining in detail the present inven 
tion, it is to be understood that the invention is 
not limited in its application to the details of 
constriction and arrangement of parts illus 
trated in the accompanying drawings, since the 
invention is capable of other embodiments and 
of being practiced or carried out in various ways. 
Also it is to be understood that the phraseology 
or terminology employed herein is for the pur 

dinnensions of which are held to predetermined 55 pose of description and not of limitation. 
dimensions within close precision tolerances. A tracer assembly embodying the present in 
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vention is shown by way of example but not of 
limitation in the drawings forming a part of this 
application and comprises a body portion 0, 
having a threaded cylindrical forward portion 
and a tapered or frusto conical rear section 2 , 
altho of course the size, shape and configuration 
may be varied and any desired type of Inetal en 
ployed. The tracer body is by means of threaded 
portion , secured in a projectile body 32 which 
is only fragmentarily illustrated. An internal 
chamber 2 is provided in the body it for the 
pyrotechnic tracer filling, generally designated 
29, the details of which form no part of my pres 
ent invention and accordingly Will not be consid 
ered. The open rear end of the chamber 2 is 
provided with a counterbored portion forming a 
flange 3 which is adapted to be staked over, as 
shown in Fig. 1, to retain the Washer A. A shoul 
der 26 is formed by the plane of juncture between 
the chanbar 2 and a reduced continuation there 
of 5. The smaller chamber 5 is so formed that 
it holds the stem S of a, relay plug i which is 
drilled inwardly iroin the forward end, as indi 
cated 9. It will be noted that the drilled hole 
A9 does not extend completely through the relay 
plug, a relatively thin wall 2) being left at the 
real end. 
The plug is formed from any desired mate 

rial which is harder than the material of the 
walls of the chamber 2. 
free-machining steels may be used for both the 
body and the rejay piug, but tine lattei' may be 
heat-treated whis tie body is left. iia tie 2atural 
condition. A partly spherical surface i3 extends 
around the head of the plug i. 
of the spherical portion is slightly greater than 
the internal diameter of the charabei 3. The 
section of greatest diameter may coirrespond to 
the equator of the Spherical section of the plug 
or it may be located at Some other point with re 
lation to the poles thereof. 
The inteina chaiaber 2 is Siinuitaineously 

sized and the inner surfaces thereof are finished 
by forcing the plug i into it as ShOWin in Fig. 2, 
which shows the article in a prelininary Stage of 
its nanufacture. The chambers 2 and 5 are 
rough formed in the body 3 in any desired man 
ner, as for example by drilling. When so formed, 
the side walls are relatively rough and unfinished 
as indicated by the exaggerated irregular lines 22 
and 23. tile plug i is forced into the chainber 
2 and the end i8 is forced into the smallest 
chamber 5. lue to the greater diameter of the 
curviiirear surface 8 on the head of the piug 

, a force is exerted on the interior Walls of the 
chamber 2 in a line Substantially at right angles 
to the center line of the plug it, and to the di 
rectional movement of the plug 7. 
Due to the curving of the Surface 8, the effect 

of this movement of the plug is to apply the force 
continually throughout the chamber and thus to 
smooth out the surface irregularities of the side 
walls thereof. 
The oversize character of the Spherical Surface 

of the plug with relation to the internal di 
annetter of the chamber 3 in combination with 
the pressures exerted on the plug i and trans 
ferred through its head surface & to the internal 
surfaces of the said chamber, causes a cold flow 
to occur on the Surface of the metal in the side 
Walls of the chamber as indicated Schennatically 
by the dotted lines shown in Fig. 2. The cold 
Working of these metal surfaces produces a bur 
nished, densified, Work-hardened surface cover 
ing the internal Side Walls of the chamber 2 at 

For exainpie, Siiliar 3 

The diameter 

3 

() 

20 

40 

(30 

75 

2,530,984 
4. 

the same time that the said chamber is sized to 
the desired dimensions. This is primarily a Sur 
face reaction for the resiliency of the maSS of the 
material in the body portion 0 causes the interior 
Walls of the chamber 2 to move or spring back 
a desired amount after the plug T has been 
passed therethrough. This acts to lock the plug 

in the chamber 2. In the drawings the sized 
and finished surfaces of the chamber 2 are ill 
lustratively shown as of a smaller diameter than 
the greatest diameter of the spherical surface 8. 
When the plug i has passed along the side walls 
of the chamber 2, the entire interior surface 
thereof will have been simultaneously smoothed, 
Sized and finished as above described. 
A Sealing disc 25 retained beneath washer f4 

normally closes the pyrotechnic chamber. The 
disc may be formed of half-hard brass which is 
adapted to be punctured and/or melted when the 
projectile is fired. The propelling charge (not 
shown) then ignites the pyrotechnic filler 29, 
which burns progressively to furnish the trace 
While the projectile is in flight. If the tracer 
pyrotechnic material burns to the end without 
the main explosive charge 27 having been det 
Onated by other means (as by actuation of the 
fuzing means by a target) the combustion of the 
tracer charge adjacent wall 20 heats such wall 
and deflagrates the ignition charge 3C contained 
in the bore 9. The ignition charge in turn det 
Onates the main charge. 

It will be recognized that for accurate and uni 
form performance, the chamber 2 must be ac 
Curate as to size, and must be initially concen 
tric and remain so during flight. The herein 
disclosed method of treating internal bores and 
paSSages is equally applicable to other parts and 
devices, however, and while the internal cham 
ber shown in the accompanying drawings is cy 
lindrical, it will be understood that it is within 
the purview and scope of the present invention 
to finish chambers of other shapes. Finished 
chambers may be made to any desired cross 
Sectional shape or contour by first forming a 
rough chamber cavity and thereafter simultane 
Ously finishing and sizing it by the use of a plug 
member corresponding to the desired finished 
CrOSS-Sectional shape or contour of the cham 
ber. 
The plug members utilized Will be of the de 

sired cross-sectional shape to finish the cham 
ber as required and may be formed of any de 
Sired type of material, such for example as hard 
Steel, Sintered powdered metals or the like. Simi 
larly, the plugs may be formed by any Suitable 
method according to the material used. For ex 
ample, if they are formed from hard steel, they 
are preferably formed on a screw machine and 
thereafter hardened and ground to the desired 
limitS. They may be provided or not with a 
paSSage or paSSages therein as may be desired, 
depending upon the uSe for which the finished 
article is intended. 
The present invention thus permits the forma 

tion of internal chambers having cross-sectional 
shapes other than circular. For example, they 
may be triangular, rectangular, square, hexag 
Onal, elliptical, or any other desired geometric 
Shape or forn. Regardless of the shape of the 
chamber, it is first blocked out to its rough shape 
in the body of the article and the Wails are there 
after sized and finished by passing the finishing 
plug therethrough. 

It Will be seen that the present invention thus 
provides a novel method of sizing and finishing 
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an internal chamber in the body of an article 
and permits the holding of the chamber to di 
mensions held within desired precision limits, de 
pending upon the production requirements. If 
desired, the internal walls of the chamber may 
be inished on a mass production basis to within 

.0005 inch of a fixed dimension. Other toler 
ances may be held by practicing the method of 
the present invention in manufacturing Such an 
article. 
Such plug members may be formed with a 

small duct or series of ducts in a body of very 
hard material, such for example as sintered tung 

rotechnic filling, comprising forming a body hav 
ing a bore of uniform diameter and terminating 
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sten carbide, and thus the plugs will provide a 
hard wear-resistance jet for high pressure fluids 
or gases as in various types of fluid atomizing de 
vices, pressure control valves, and the like. It 
is to be understood, therefore, that the present 
invention is not expressly limited in its use to 
the particular article herein disclosed. It is to 
be understood also that the external shape and 
dimension of the body of the article may be 
varied somewhat as a result of the chamber fin 
ishing and sizing operations herein disclosed. If 
it is essential to hold a preformed shape and 
dimension, the body may be held in any Suit 
able die member which will Support it against 
the forces employed in sizing and finishing the 
internal chamber. The external contour is pref 
erably formed prior to sizing and finishing the 
internal chamber, but in Some instances, as for 
example in forming a thin side Wall part, or a 
part in which the thicknesses of the walls may 
be varied, it is desirable to form, size and finish 
the chamber first and thereafter to form the ex 
ternal contours of the part. 
We claim: 
The method of making a receptacle for a py 
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in an end Wall having a central Small opening, 
forming a plug having at one end a stem of sub 
stantially the same diameter as the central Sinall 
Opening and having an enlarged central portion 
the peripheral surface of which is a section of a 
sphere, the diameter of which is larger than the 
diameter of the aforesaid bore and the hardness 
of which is greater than that of the body, and 
forcing said plug with said stem foremost through 
the bore until the enlarged central portion en 
gageS Said end wall and its Stern enters the open 
ing, Said enlarged central portion during its pas 
Sage through the bore cold-working and hard 
ening the Wall of the bore, the Surface reaction 
of the body causing the bore-wall to spring back 
into the bore and lock the plug in place. 

ALERED P. BARTON. 
EDWIN P. HURD. 
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