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1 : - 
This invention relates to improved methods of 

manufacturing metal pistons such as are uº 
ln 1nternal :" and to à metal on of improved quality. 
*: general methods are used in the art for 
the manufacture of the familliar hollow or culº 
chaped piston blank which constitutes the body 
of the piston and from which the final pistonis 
shaped by machining and similar operations. 
One of these is the casting method in which 
molten metal is cast into a mold and solidified 
in the form of the desired piston blank. In re 
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lines of flow which are oriented in the direction 
, of working. Where the metal also contains in 
clusions Or is an alloy having more than one 
solid phase (and particularly an alloy having an 
undissolved solid phase in minor amount) the 
inclusions and the undissolved solid phases als0 
tend to elongate in the direction of the elonga 
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cent years the othermethod, a working mºnod, 8 
hashadwideuse, particulariy in the manufac 
ture of pistons to be used in motors for aircraft. 
In this working methoda piece or block of metal 
of suitable size is subjected to the application 
of compressive forces to form a piston blank. 
The block of metal to be so shaped is cut from 
a rolled bar or slab. The application of compres 
sive forces to this block is usually called forgins, 
and this term will sufnce to describe this gen 
eral working method or operation by which the 
block is shaped into a piston blank. The in 
vention, its objects and advantages are most con 
vententiy described with reference to the attached 
drawings, in which: 

Frgs. 1, 2 and 3 show, diagrammatically, the 
working of a piston blankin accordance with this 
invention; Fig. 1 shows, in cross section, the block 
of metal oriented for presentation to the Work 
ing forces; Fig. 2 illustrates, incross section, the 
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block after the first stage of working: Fig. 3 : 
shows, in cross section, the piston blank result 
ing from the forging; 

Figs. 4, 5 and 6 show, in cross section, the 
steps illustrated in Figs, 1 to 3, inclusive, asthose 
steps were practiced prior to this invention; 

Fig. 7is a plan view looking downwardly into 
the cup shaped article illustrated in either Fig. 
3 or Fig. 6; X 

| Fig. 8 represents a conventional piston shape 
machined or otherwise shaped from the blanks 
shownin Fig. 3 and Fig. 6: 

| Fig. 9is a cross sectional elevation of the pis 
ton shown in Fig. 8, said section being talken 
through the wrist pin bosses 8: 

Fig. 10 is a cross sectional elevation through 
a piston blank forged in accordance with pre 
vious practice and shows the lines of grain flow 
in said blank; 

Fig. 11 fs a similar cross sectional view taken 
through a piston blank made in accordance With 
the present invention and illustrating a typical 
grain flow line structure such as results from the 
practice of the new methods herein described. 
As is well known, when metal is worked by 

rolling, extrusion or by similar methods, frOn a 
castingot into the form of bar, slab or the like, 
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tion or Woxºsing of the metal. In any èvent, all 
metal worked to slab or barby such fabrication 
Operations exhibits these flowlines orfibres, which 
lines are sometimes sufficiently marked to be vis 
ible to the eye and sometimes must be made 
visible by etching and by the use of the micro 
ScOpe. \. 

In the previous practice of forging piston blanks 
from pieces or blocks of metal cut from rolled 
slab or bar, fit has been customary to orient the 
block of metal to be forged with respect to the 
compressing action of the deforming or forg 
ing force so that the lines of grain flow in the 
block lie 1nitially in the general direction of, 1.e. 
are substantilally parallel to, the direction of the 
compression action of the deforming force. 
The prior practice is illustrated in Figures 4, 

5 and 6. Referring to those figures, the metal 
block shown in Fig. 4 has been cut from a pre 
viously worked bar or slab and has been so ord 
ented that the flow lines, represented by the 
broken lines shown on the block, run up and 
down. The first step in treating this block is to 
subject it to an upsetting Operation in which 
forces are applied in the direction of the arrOW 
(shown allongside of Fig. 4) to compressandwiden 
the block to a shape such as shown in Fig. 5. 
After this compression operation the flow lines 
as illustrated in the compressed shape 2 shown 
in Fig. 5 are still substantially uni-directional in 
the direction of the application of the compres 
sive forces, as illustrated by the arrow. The com 
pressed block 2 is them further subjected to the 
action of the forging de 3, the compressive force 
of said die being : again delivered in the general 
:on of the flowlines indicated on block 2 in 
* Fig. 6 schematically illustrates the forging die 
3 and a cross section through a piston blank 4 at 
the moment that the forging operation is com 
pleted and the die is being Withdrawn, While 
the number of forging operations which may be 
necessaryto compress the upset block 2, as shown 
in Fig. 5, to the final piston blank form shown : . 
in Fig. 6 may be more than one, these steps are 
all similar in the sense that the compressive 
force is applied by the forging die in the direction 
of the arrow shown in Fig. 6 and, thus, in the 
direction of the flowlines in block asthat block 
was initially subjected to the forging Operations. 
While the piston blank resulting from these oper 

the grains of the metal are established along 60 ations shows flow lines which are no longer und 
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