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This invention relates to a method of and apparatus 
for stretch forming sheet metal sections for the manu 
facture of gas turbine blades. 
The manufacture of sheet metal gas turbine blades is 

undergoing considerable development in the aircraft in 
dustry due to the advantages that these blades have 
over solid blades in present day gas turbine engines. 
In forming the skin for a sheet metal gas turbine blade, 
it is quite common to stretch the sheet metal during the 
forming operation and conventional practices involve the 
use of an oversized sheet which is gripped and stretched 
by means external of the die form. This results in the 
use of considerably more sheet metal than is required 
to form the desired section and, as a result, increases 
the cost of the manufacturing process. 
The present invention provides a method whereby a 

large portion of this excess sheet metal may be saved 
and also provides a press and forming mechanism which 
is simple, cheap and efficient. 
One form of the apparatus which may be used to per 

form the blade forming method is illustrated, by way of 
example, in the accompanying drawings in which: 

Figure 1 is an exploded perspective view of a press 
tool with a ?anged and loaded blank in position; 

Figure 2 is a perspective view of the rough blank of 
sheet metal before bending; 

Figure 3 is a perspective view of the blank with the 
?anges partially formed; 

Figure 4 is a perspective view of the fully ?anged 
and loaded blank; 

Figure 5 is a transverse section through the press tool 
containing a ?anged and loaded blank during the press 
ing operation of a convex section; 

Figure 6 is a view similar to Figure 5 during the form 
ing of a concave section, and 

Figure 7 is a front elevation view of a typical press 
with which the present invention may be used. 

Referring now to Figure 1, the press tool may be seen 
to comprise a base 10 which is mounted upon a press 
bolster plate 38 and which carries, upon its upper sur 
face, a lower die 11 having a convex upper working sur 
‘face 12. At either end of the die 11 is an end block 13 
and 14, end block 14 being movable in the direction of 
arrow 15 by means of a key 16 ?tting in a key-way 
17 cut in the upper surface of the base 10. 
The upper element of the press tool comprises a sup 

porting block 18 upon the lower surface of which is 
mounted the upper die 19 which has a concave lower 
working surface 20. At one end of the working surface 
20 of the upper die 19 is a block 21 and, at the other, 
a block 22 each of which is provided with a slide 23 
and 24 which are adapted to move in slots 25 and 26 
respectively in end blocks 13 and 14. It will thus be 
seen that when the upper element of the press tool is 
moved downwardly into engagement with the lower ele 
ment, slides 23 and 24; will enter slots 25 and 26 and, 
as a result, the upper element of the die will be guided 
in its downward movement so that the working face 20 
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of the uppper die 19 will be directly superimposed over 
the working face 12 of the lower die 11. The lower 
convex working face 12, in co-operation with the upper 
concave Working face 20 will, when the two elements 
are brought together under pressure, by means such as 
the hydraulic press 37 seen in Figure 7, form a work 
piece which is placed between them to the desired con 
?guration represented by the con?guration of the re-' 
spective working faces of the lower and upper dies. 

Referring now to Figures 2 to 4 inclusive the steps 
in forming the ?anged and loaded blank may be seen. 
In Figure 2 a piece of sheet metal is shown of substan 
tially rectangular con?guration, the pair of opposed 
shorter sides having extending therefrom and substan 
tially centrally disposed, a pair of tabs 27 and 28 for a 
purpose which will later be described. The ?rst step 
of the forming operation is to turn up one pair of op-‘ 
posed edges 29 and 34} of the sheet 31 to form the con 
?guration shown in Figure 3. At this point the blank 
may be loaded with a mass of plastic, deformable ma 
terial 32 whereupon the edges 29 and 30‘ of the sheet 
31 are folded over to encompass the loading material 
32 as shown in Figure 4. 
The plastic, deformable filler material 32 may be a 

material such as lead, a material sold under the trade 
name “Cerrobe-nd,” or any other appropriate plastic ?ow. 
medium, many types of which are well known in the 
trade. 
Having produced the ?anged and loaded blank shown 

in Figure 4, it is then inserted in the press tool in the 
manner shown in Figure 1 with the tabs 27 and 28 fit 
ting in notches 33 and 34 in end blocks 13 and 14 at 
either end of the working surface 12 of the lower die 
11. The tabs 27 and 28 ?tting in notches 33 and 34 
serve to position the ?anged and loaded blank on the 
convex working surface 12 of the lower die 11. 
A consideration of Figures 1, 5 and 6 will serve to 

show that the working surface which lies opposite to the 
surface of the sheet 31 is provided with workpiece grip 
ping serrations 35 which extend the full length of the 
die 11 and which are parallel to each other and parallel 
to the longitudinal centre line of the working face 12 
of the lower die 11. As may be seen in Figure 5, the 
serrations are substantially sawtooth in form and are‘ 
inclined inwardly towards the longitudinal centre line 
of the working face 12 of the lower die 11, the serna 
tions being of greater depth adjacent the centre line of 
the die than at the edge, the serrations decreasing in 
depth progressively as they approach the edge of the 
working face of the die. In Figure 5 it may be seen 
that as the upper die 19 is forced towards the lower 
die 11, the mutually presented edges 29 and 30 of the 
?anges on the ?anged and loaded blank between the two 
dies will be urged into intimate contact with the gripping 
serrations 35 which will bite into the surface of the 
sheet metal and restrain them against separation or a 
lateral displacement in a direction transverse to the 
direction of application of pressure by the upper die 
19. The serrations decrease in depth as ‘they approach 
the edge of the die so that there will be no tendency for 
the serrations to bite completely through the sheet metal 
and sever it at any point. This tends to ensure that 
the load is evenly distributed over all the serrations, 
the load being a function of the elongation of the sheet 
metal under tension. 
As the upper die 19 is forced closer and closer to 

the lower die 11, the loading material 32' will become 
distorted and the sheet 31 will be forced to conform to 
the working surface of the die adjacent to it. In Fig 
ure 5 this adjacent working face will be concave surface 
20 of the upper die 19. Further increase of pressure 
exerted by the upper die 19 will cause the thickness of 
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the loading material 32 to be reduced but since its 
volume remains constant, there will be an expansion of 
the loading material in a direction transverse to the 
direction of application of pressure by the upper die 
19. This will result in the ?ller material tending to 
squeeze out between the upper and lower die along the 
edges of these dies in the direction of the arrows 36 
in Figures 5 and 6. As a result, the sheet 31 will be 
stretched during the pressing operation which will result 
in the sheet being formed to the desirable con?guration 
and will eliminate the tendency of the sheet 31 to spring 
back to its original ?at condition when the pressure is 
removed from the upper die 19. 
The end blocks 13 and 14 are provided for the pur 

pose of preventing the loading material 32 from being 
squeezed out of the ?anged and loaded blank at the 
ends thereof which, in the blank form, are not closed. 
Since the application of pressure by the upper die 19 
will force the loading material 32 into intimate contact 
with end blocks 13 and 14, the end block 14 is mounted 
so as to be slidable away from the lower die 11 to 
facilitate the removal of the pressed blank when the 
upper die 19 is lifted from its lowermost position. In 
order to prevent the movement of the end block 14, 
however, during the pressing operation the end blocks 
21 and 22 of the upper element of the die are provided 
with surfaces 39 which, when the upper element has 
engaged the lower element, bear against surfaces 40 and 
41 of'end blocks 13 and 14 respectively to restrain end 
block 14 from movement in the direction of the ar 
row 15. 
From a comparison of Figures 5 and 6 it will be seen 

that the workpiece gripping serrations 35 are, in each 
case, placed on the working face of that die which will 
lie opposite to the sheet 31 which it is desired to form. 
Accordingly, when it is desired to form a concave sec 
tion which will be formed by pressing the workpiece 
against a convex die, the workpiece gripping serrations 
will be provided along the edges of the working face 
of the concave die as seen in Figure 6. Similarly, when 
it is desired to form a convex section which will be 
formed by pressing the sheet against the surface of a 
concave die, the workpiece gripping serrations will be 
mounted along the edge of the Working surface of the 
convex die as seen in Figure 5. 

It has been found, in practice, that more convenient 
operation may be achieved by maintaining the working 
surface 12‘ of the lower die always of convex con?gura 
tion. vAccordingly, it will be seen in Figure 5 and Fig 
ure 6 that the lower die 11 has, in both cases, a convex 
working surface 12 which is presented to the concave 
working surface 20 of the upper die 19. The location 
of the workpiece gripping serrations 35 however, varies 
depending on whether it is desired to produce a concave 
section from the sheet 31 or a convex section. 
Althoughnot shown in Figure 1, the die elements 

disclosed therein are suitable for use in a conventional 
hydraulic, pneumatic or mechanical device which is de 
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signed to apply pressure between two opposed faces. 
Since the precise structure of the pressure applying 
means forms no part of the present invention it has been 
illustrated only schematically in Figure 7 in the form 
of a hydraulic press having a bed 50, a pair of vertical 
slides 51 and a hydraulic cylinder 52. The press tool 
of Figure 1 may be seen located between the opposed 
faces of the bed 50 and the pressure plate 53. 

While the invention has ‘been described speci?cally 
with reference to one embodiment illustrated in the 
accompanying drawings it is intended that minor modi 
?cations may be made within the spirit of the invention 
and the scope of the appended claims. 
What I claim as my invention is: 
1. Apparatus for stretch forming sheet metal sections 

of gas turbine blades comprising a ?xed lower convex 
die and a movable upper concave die, each die having 
a Working face adapted to contact the workpiece in 
serted between them, the working face of one of the 
dies having a series of workpiece gripping serrations 
along each side of its working face constituted by sharp 
edges inclined towards the centre of the working face 
of the die, the serrations being greater in depth adjacent 
the centre of the die and increasing progressively. in 
depth towards the edge of the working face to engage 
the workpiece and prevent displacement of the Work 
piece in a direction transverse to the direction of ap 
plication of pressure, guide means to restrain the mov 
able die against lateral displacement, the lower convex 
die having a working face terminated at each end by 
a vertical end wall, one of the end walls being movable 
from a ?rst position ‘adjacent the end of the working 
face to a second position spaced therefrom, means to 
force the movable die into engagement with the ?xed 
die under pressure and means to retain the movable 
end wall associated with the lower die in its ?rst posi 
tion during the application of pressure to the upper die. 

2. Apparatus as claimed in claim 1 in which the ser 
rations are parallel to each other and parallel to the 
longitudinal centre line of the working face of the die 
and extend the full length of the die. 

3. Apparatus as claimed in claim 1 in which the end 
Walls on the lower convex die have vertically extending 
notches on their faces adjacent the upper concave die 
to receive locating tabs on a workpiece. - 
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