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3,008,223 
METHODS OF MANUFACTURE OF 

COMPRESSOR BLADES - I 

Wilbert W. Frank, Long Valley, N.J., assignor to Curtiss 
Wright Corporation, a corporation of Delaware 

Filed Sept. 29, 1955, Ser. No. 537,451 
12 Claims. (Cl. 29-156,.8) 

This invention concerns the fabrication of hollow metal 
articles by die-forming. It is concerned in particular with 
the manufacture of hollow compressor blades of airfoil 
cross-section from seamless tubing, and with methods and 
machinery for rapid production of such blades. The nov 
el methods and equipment developed for compressor 
blade production are readily adaptable to the fabrication 
of other sorts of end products. While this speci?cation 
emphasizes compressor blades, the scope of the invention 
encompasses other analogous articles. 
My invention, brie?y, consists of the following proce 

dures: 
Random lengths of seamless tube stock are fed, one by 

one and in an direction, into the forming equipment. 
The only preparation for the tubes, is a swaging of one end 
of each so that a following tube is engaged with the end 
of a tube which is active in the equipment. The free end 
of the active tube, or of the following vtube, is sealing 
chucked to a compressed gas supply, so that the tubes are 
internally pressurized. The active tube is progressively 
fed into a die set, Which has spaced ?attening or crimping 
dies. These engage part of the tube, ?attening spaced 
parts thereof to con?ne gas pressure in the tube section 
therebetween. Forming dies then engage this section to 
form it to compressor blade con?guration. After the 
forming dies have dwelt closed for a brief interval, the 
formed section is pierced to vent gas pressure therefrom. 
The dies ‘are opened and the formed section is advanced 
to a cutoff station on the equipment, whereat the formed 
compressor blade section is cut away from the crimped 
parts of the tube stock. 
The crimp on the downstream end of the die remains 

on the tube stock to con?ne gas in the tube stock for the 
next die pressing sequence. The several steps in the pro 
cess are all sequence-controlled by appropriate timing ap 
paratus, whereby a substantially continuous production of 
blades or articles ensues. 

Reference may be made to the annexed drawings and 
the following detailed description for a more comprehen: 
sive explanation of the invention and of various rami?ca 
tions thereof. 

Objectives of the invention are; to provide a high-pro~ 
duction, simple mode of compressor blade manufacture, 
whereby highly precise blades may be fabricated at no 
minal cost; to provide a method of die‘forming hollow 
articles from thin tubing; to provide a continuous method 
of gas pressurizing the interior of thin tubing during, die 
forming operations; to provide a technique for venting 
gas pressure from a hollow formed article to prevent sub 
sequent distortion thereof; and to provide means to pro 
duce formed ?nished hollow articles on ‘a continuous cyclic 
basis, including preheating, if necessary, forming and 
trimming. ' 

‘In the annexed drawings, in which similar reference 
characters designate similar parts, - 

FIG. 1 is a side elevation of the principal parts of a 
machine for producing hollow articles, according to the» 
invention; - _ - H , ; . 

FIG. 2 is va longitudinal section through part ofv a the 
set used in the FIG. 1 machine, and is a section on the‘ 
line 2—2 of FIG. 5; 

FIG. 3 is an end elevation of the die set on the line 
3-3 of FIG. 2; a 
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. FIG. 4 is ‘an end elevation like thatv of 
the die set open; ' 

FIG. 5 is a section through the die set on the line 
5-5 of FIG. 2; . 
FIG. 6 is an enlarged section of crimping dies also 

shown in FIG. 2; 

FIG. 3, with 

FIG. 7 is a section through forming dies on the line _ 
7-—7 of FIG. 2; . . . . . 

FIG. 8 is a perspective elevation of a ?nished product 
of the machine; 

FIG. 9 is a section through part of the lower forming 
die and slitter on the line 9-9 of FIG. 5; and 
FIG. 10 is a periodic sequencing diagram of the sev 

eral components of the FIG. lmachine. 
Reference may ?rst be made to FIG. 1 wherein the up 

per part of the ?gure shows feed mechanism for raw tube 
stock 12, and the lower part of the ?gure (which in the 
actual machine is a rightward prolongation of the mecha 
nism of the upper part) shows the several work stations 
which convert tube stock into ?nished hollow compressor 
blades 14 as shown in FIG. 8. 
The feed mechanism comprises guide rails 16 and 17' 

supported by a rightward post 18 and a leftward post, not 
shown. The rails 16 and 17 guide a slide 19 whose up 
per end carries a pressure nozzle and tube pusher 20, this 
nozzle being fed with pressurized gas through a pipe 21 
from a supply source not shown. The slide 19 is con 
nected to a rod 22 of a device, not shown, which usually 
exerts rightward force on the slide, to hold the nozzle 20 
engaged with the left .end (as shown) of the tube stock 12. 
The tube is supported by guide rolls 23 supported on a 
table 24 so the tube may move linearly on a path parallel 
to its own axis. 1 

The tube is moved rightwardly, as will be described, in 
to the forming stations of the machine, and as it moves, 
the slide 19 follows it, the nozzle 20 engaging the tube 
end and maintaining the tube interior under gas pressure. 
As a length of tube stock is used up, the slide 19 approach 
es the post 18, whereupon the top of the slide. engages a 
limit switch 26.’ This switch actuates a mechanism not 
shown, and not forming an intergral part of the invention 
claimed herein, which retracts the slide 19, installs a fresh 
piece of tube stock on the rolls 23, engages the nozzle 20 
with the ‘left end of the ‘new tube, and engages the right 
end of the new tube with the-left end of the old tube. 
The pieces of tube stock are all preformed at their right 

ends to substantially the same conical shape as that of the 
nozzle 20, so they Will center on the old tubes 12 in the‘ 
machine, and will make a gas-tight joint therewith. There 
by, tube feed is substantially continuous, and gas pressure 
is transferred to those parts of the tube stock which are 
being formed in’ the right-hand end of the machine. 
Tube stock 12 moves into a ‘feed station comprising a 

?xed post 28 carrying a lower guide roll 29 and an upper 
guide roll 30,‘ the latter being spring-pressed at 31 to en-, 
gage the tube stock. The post 28 carries guide rails 32‘ 
and 33, supported at their right ends in a ?xed post 34. 
Guided on rails 32 and 33 is a slide 36 which carries,_atl 
its upper end,’ a tube clamp. or vise 37, comprising a' 
lower ?xed jaw 38: and an upper ‘movable jaw 39, the‘ 
latter being movable ‘to engage or release from tube 12' 
passing therethrough by ‘means of a tube clamp motor 
40. The latter is operated to open or to clamp the‘ 
tube according to a desired time sequence, later described 
in connection with FIG. 10. , 

, The slide '36 is secured to a piston rod 42 of a linear 
motor“ or feed. ram 43 which, according to a desired se 
quence, moves the, slide 36 between desired extreme posi 
tions, ,as limited'by posts 28 ‘and 34, or by stop collars, 
exempli?ed at 44 on one'of the guide rails, 32 or 33. 
Adjustment: of the limits of movement of the slide 36 
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determines the increment of tube stock fed to the ma 
chine for each operating cycle. 
Tube stock 12, as ‘it is advanced rightwardly in the . 

machine, passes through an induction heating coil 46,‘ 
suitably secured on brackets 47 on the machine base. 
The heater coil is energized in well-known manner by 
high-frequency electrical energy, and the tube portion 
within the coil is brought to a desired elevated tempera 
ture through eddy-current action. ‘Use of the tube heater 
is optional, and depends on whether subsequent die-form 
ing operations require ‘heated stock to prevent fracture or 

‘ failure of the metal. Where the tube stock is annealed 
and thin-Walled, heating may be'unn'ecessary, in which 
case the tube heater 46 may be omitted from the machine. 
Rightward of the feeding and heating stations, a form 

ing press and diesel are located, through which the tube 
stock passes its rightward movement. The press bed 
is shown at 49, and the vertically movable press ram at 
50. These elements may form part of a conventional 
power operated press, either mechanically, hydraulically 
or pneumatically operated. Between the bed and ram, 
a- die set 51 is disposed, by which tube forming is ac 
complished. As will be described in detail later in con 
nection with other ?gures, the die set is double-acting, 
?rst crimping or ?attening spaced-apart portions of the 
tube stock as at 52 and 53, then forming the intervening 
portion 5401‘. the stock. The crimping at 52 and 53 seals 
the portion .54 from escape of pressurized gas therein, 
so that ‘when the forming dies close, they close not only 
against the resistance of the tube material, but’ against the 
gas pressure. The internal gas pressure holds the tube 
walls in intimate contact with the forming die faces. 
When the forming dies are fully closed, the internal gas 

pressure, increased several fold from line gas pressure 
due to reduction in internal volume of the tube portion 
53.,~~enforces precise conformation of the tube walls to 
the forming die cavity shapes. 7 ' ' 

Prior to opening of ‘the forming dies, it :is necessary 
to relieve the high internal. gas pressure Ifrom the formed 
portion '54 between crimps 52 ‘and, 53. If this were not 
done, :gas pressure would ‘expand and distort the por 
tion 54>upon die opening. I'provide a cutter 55 movable 
in the die set which is operated by a suitably sequenced 
motor :56 (FIGS. 5 and 9) and'which pierces the formed 
workpiece portion 54 to provide a vent ‘for the escape of 
gas. - a 

After piercing the dies open and the formed workpiece 
increment 52, 53, 54 is advanced from the dies by the 
feed ram '43, to a position where the crimp 52 occupies 
the same ‘location that the ‘crimp .53 previously occupied. 
This crimp holds the tube end closed and prevents the 
escape of gas pressure during advance of the tube stock. 
Formed tube increments 58 and 60 are shown in FIG. 

1, advanced to the right of the diev set 51. At the 
station occupied by ‘one of these increments, 60 as'shown, 
cut'olf equipment is ‘arranged. 'This equipment includes’ 
a ?xed support 62 having support components 63, 64 

: and 65 which engage lower faces, vas shown, of the formed. 
tube increments. A power operated clamping 'vise 67' 
is arrangedwadjacent the support 62, including jaws ‘68 
and 69 which‘are sequentiallyengaged with upper ‘sur 
?aces of the tube increment '60, opposite the ‘support com 
ponents’ 64 ‘and 65. By this arrangement, the tube -in-' 
crement is v?rmly held attimcs, to enable cutting off or 
trimming of the ?nished compressor blade (14 in FIG,‘ 
8)‘ from the formed tube increment. , 
“Cutting'o? ‘is accomplished by cutoff ‘wheels 71 and 72 

journalled in movable bearing arms 73 and 74. The 
wheels are driven by conventional'means, and the arms 
73 and 74 are periodically swung, as by motor units 75 
and 76 to engage the wheels ,with the formed tube'in 
crement, sever the blade 14' from the stocleand retract‘ 
the wheels to allow the next advance ‘of the stock. The " 
wheels 71 and 72*are spaced ‘to ?nish the blade to the 
desired length, I andthe sarms Band 74 are swung on 
axes, or, moved on slides, to cut the stockv on ‘any .de-1 
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' sired angle. For instance, 
- shown inia plane normal to the stock axis, While the wheel 

. operation. 

4 . 

in FIG. 1 the wheel 71 is 

72 is shown tilted relative to the stock axis to produce 
an angled cut. . p 

The support portion 63 holds the outboard part of 
the tube stock while cutting by the wheel 71 is effected, 
to prevent bending or distortion of thestock disposed 
between the die’ set 51 and’ the cuto? vise. 
Aftercuto? and release of the stock the ?nished blades 

14 are cleared from the machine, and the stock scrap 
beyond a clamped blade, as represented at 78, is also 
cleared, readying the machine for the next cycle of 

_ Reference may now be made to FIGS. 2-7 wherein 
the details of construction of the die set 51 are shown. 
The die set comprises a bottom plate '86 having four 
corner ‘posts 82 rising therefrom. A top plate 84 is 
?tted to the posts 82 and is slidable vertically thereon. 
On'the plate 80 a bottom forming die 86 is secured as 
by screws 88, and to the top plate, 84 an upper forming 
die 90 is secured as by screws 92. ’A cover plate 94 
is secured by screws to the top plate 84 to provide ade 
quate clearance betweenthe press bed and the press 
ram, between which the die set is disposed, to avoid 
the corner posts 82. projecting throughrthe top die when 
the die set is closed. The upper face of the lower die 
86 is provided with a forming cavity 96, and the lower 
face of the top die 98 is provided with a forming cavity 
98. ‘ . ' 

FIG. 7 shows a section through the dies 86 and 90 
and the con?guration of the cavities 96 and 98. To 

' provide the precise location of the tube stock between 
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the dies, the lower cavity 96 is sunk beneath the top 
face of the die, and the cavity 98 is formed on a down 
ward extension from the upper die 90. -When the dies 
are open the tube rests in the recess of the lower die 
and as the upper die is closed it presses the tube down 
wardly into the lower die recess and forms it in the 
desired ‘manner. ‘In order to carve the lower die .face 
96, edgewise clearance is required and the clearance is 
taken up by the insertion of supplementary blocks 100 
on either side of the die cavity 96. ’ 
At each end of the die set, crimping dies are located.’ 

Referring to FIG. 2, a lower left crimping die plate 102 
carries a crimping anvil 104, and an upper left crimping 
die‘ plate 106 carries a crimping tool 108. Both die 
plates 102 and 108 engage the end posts 82 through 
ears 107 and 109 respectively to guide them in their 
vertical sliding. .The die plate 102 is urged upwardly 
by stiff springs 110 embracing posts 82 and engaging 
ears 107 which raise the anvil 104 when the die set is 
open, to substantially the same level as the lower die 
cavity 96. Lighter springs 1'12 piloted on the posts 
82 are located between the ears 107 of the lower die 
plate 102'and ears 109 of the upper die plate 106, to 
hold them apart when the, die set is open. Additional 
stiff springs 114 embracing the posts 82 are disposed be 
tween the upper die block 84 and the ears 109 of the 
die plate 106 to hold the crimping tool 108 below the 
level of the upper die cavity 98 when the die set is 
open; _ 

Assuming'there is tube stock located across the die 
openings, and that the die setis open as shown in FIG. 
4, lowering of the press ram toward the press bed has the 
following elfect. Initial movement of the die block 84 
is downward toward the die block 80 and the stiff springs 
114 and 110 force the crimping tool 108 toward the crimp 
ing anvil 104 and ?atten the tube stock between them 
prior to engagement of the die cavities 96 and 98 with the 
tube surface. The springs 110 and 114 are sti? enough 
or may be pre-loaded so that complete ?attening or crimp 
ing of the tube stock is ‘accomplished before engagement 
of the forming dies with the tube. 

It. will be recalled that the interior of the tube is .ex 
posed. to high gas pressure. When the crimping takes 
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place, this gas pressure is locked within that part 54 of 
the tube stock between the two sets of crimping tools, 
preventing escape of the gas. - > 

After die blocks 80 and 84 are moved further toward 
one another, the crimping tools are bottomed on‘one 
another, the springs 110 and 114 yield, and the dies 86 
and 90 engage the tube stock and ?atten it and form it 
in conformity with the shape of the die cavities. During 
this ?attening, since gas pressure is con?ned within the 
tube stock being worked on, gas pressure is raised to a 
level several times greater than the original gas pressure, 
due to the reduction in volume of the interior of the tube 
stock. This high gas pressure minimizes any tendency 
for the thin wall tube stock‘ to crease or buckle as die 
forming takes place, assuring a formed product which is 
true to the} form of the die cavity. ' 

Additional components of the die set to assure precise 
and smooth operation, include U shaped guides 118 at 
each end of the die set and secured to the die plates 10-2, 
whereby the tube stock is held centered as it passes along 
through the die set. Also, the die plate 84 is provided 
with books 120 which engage bars 122 secured to die 
plates 106, so that when the die set is opened, the down 
ward movement of plate 106 is limited relative to the 
plate 84, to fully enable full opening of the crimping tools 
for feeding of tube stock through the die set. 

FIG. 6 shows the relationship of the crimping anvil 
104 and the crimping .tool 108. When the crimping tools 
are fully closed they are designed with a clearance 124‘ 
which is equal to twice the wall thickness of the tube 
stock less a small allowance for compression of the tube 
stock to assure a tight seal when the tube is ?attened. 
FIGS. 5 and 9 show the vent slitter 55 and its motor 

56 which were referred to previously. As will be seen in 
FIG. '9, the lower die 86 is formed with a transverse 
groove 126 along which the vent slitter 55 is slidable. The 
slitter comprises a tool-steel strip formed with a sharp 
ened corner 12.8 which normally is out of engagement 
with tube stock con?ned between the dies. When the 
proper time interval occurs for venting the tube stock, 
the slitter 55 is moved to the right by motor 56 where 
upon the point 128 engages the con?ned tube stock and 
pierces it. Leftward movement of the slitter opens the 
thus formed vent permitting the escape of the high-pres 
sure gas contained within the formed tube stock. 
From the foregoing description, it will be noted that 

there are several motor devices; namely, the feed ram 
43, the tube clamp motor 40, the tube heater 46, the die 
set 51, the vent slittter motor 56, the cuto? vise motor 67 
and the cuto? wheel swinging motors 75 and 76 which 
must be operated periodically and in a precise sequence 
to accomplish the objectives for which the equipment is 
designed. FIG. 10 shows a typical sequencing'diagram 
wherein the several motors are listed on the left side of 
the ?gure and wherein their operation times are designat 
ed in a horizontal direction between the beginning and 
end of a complete operating cycle designated by the lines 
0 and T. Such cycle may be a few seconds, possibly 
up to around one minute, depending upon the time re 
quired for accomplishment of the different operations 
performed by the machine. 

Possibly the greatest time intervals are those which are 
required to cut olf the tube stock, and required to e?ect 
a complete forming of the tube stock between the form 
ing dies. These intervals are represented by the areas 
labelled “Hold” and “Cut” for the respective functions. 
The other operations of opening, clamping, retracting, 
and advancing the several motors are shown in relation 
to the “Hold” and “Cut” intervals of the forming die and 
cutoif wheels. The opening and closing operations of the 
different components of the machine may be accom 
plished in very brief time intervals. The time required 
to advance stock in the machine by operation of the 
feed ram 43 takes only a very short time interval since 
there is no substantial load resisting the advance move 
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6 
ment. It will be noted in the sequencing diagram that 
the forming of the tube stock by the dies and the cutting 
off of a formed’ piece of tube stock may be accomplished 
concurrently. The vent slitting and retracting of the 
vent slitter occurs while the forming, die is at the last 
part of its closure, just prior to die opening. This en 
ables maximum time dwell for the forming of the tube 
stock between the forming dies. , 
The proper sequencing, according to FIG. 10, is ac~ 

complished by commercially available timing and se 
quencing equipment, usually of electrical character 
though not necessarily. If electrical sequencing equip 
ment is used, the switches thereof actuate commercially 
available solenoid valves where the motors to be oper 
ated are hydraulic or pneumatic. It is considered that 
the arrangements needed to attain, the desired functions 
are wtihin the scope of those skilled in the art. . 

Multiple ?xed interval repeat timers are typi?ed by the 
series 5800 timers made by Haydon Mfg. 00., Inc., Tor 
rington, Conn, or Types CF3, CF6 or M made by the R. 
W. Cramer Co., Inc., Centerbrook, Conn. These comprise 
a motor driven shaft carrying a plurality of cams, whose 
lobes are adjustable in length and actuate on-o? switches 
forming part of the assembly. By proper selection of 
such catalog equipment, the time intervals and sequence 
required, as shown in FIG. 10, may readily be secured. 
The circuits controlled by the timer mechanism. are con 
nected to operate solenoid valves which control pressur 
ized ?uid flow to and from the fluid motors such as 43, 
40, press 49, 50, 56, 67 and 75, 76. Such solenoid valves 
are readily available catalog items, and are typi?ed by 
those made by the Automatic Switch Co. of Orange, 
N.J., Magnetrol Valve Corp. of Hawthorne, NJ., and 
R. G. Laurence Co. of Tena?y, NJ. 7 

It will be clear to those ‘familiar with equipment of 
this sort that the scheduling of events in the operating 
cycle of the machine may be varied widely and that dif 
ferent locations and arrangements of the several com 
ponents of the machine may be made according to the 
tube forming problem being dealt with. In general, the 
machine as described is su?iciently ?exible to accom 
modate tube stock of d-iiferent wall thicknesses and‘lengths' 
so that a variety of di?erent formed end products may 
be produced from the same basic machine without ex 
tensive modi?cation. When different end products are to 
be produced, the only major change is in the die set 51. 
It is contemplated that a different die set be made avail 
able for each di?erent type of end product to be pro 
duced from the machine. Even so, with the same die 
set compressor blades of the type shown in FIG. 8 may 
be made in several lengths, using the same die set, mere 
ly by modifying the distance between the cut-off wheels 
71 and‘72. , 

Though one embodiment illustrating the invention, has 
been illustrated and described, it is to be understood that 
the invention may be applied in various forms. Changes 
may be made in the arrangements shown without de 
parting from the spirit or scope of the invention as will 
be apparent to those skilled in the art. Reference should 
be made to the appended claims for a de?nition of the 
limits of the invention. 

I claim: 
1. The method of making a hollow metallic blade of 

airfoil cross section which consists in closing one end of 
a tubular workpiece, mechanically advancing the closed 
tube end through a forming die, applying gas pressure to 
the inside of the workpiece from its open end, closing 
the forming die upon said workpiece near its closed end, 
concurrently pinching to substantial‘ ?atness the work 
piece at each end of the workpiece section to hold gas 
pressure therein during forming die closure, opening the 
forming die and relieving gas pressure from the formed 
and pinched workpiece part, advancing the die formed 
and pinched workpiece part out of said forming die, and 
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cutting off the formed part of said workpiece inwardly V 
of the pinchedplends thereof. , V V v M I 

' .2. The method of makingna hollow blade of, airfoil 
cross section from' a long .hollow, tubular blank which 
consists in pressurizing the interior of said blank, PIO1 
gressively mechanically feeding it int-short intermittent 
movements through a’ forming and r'crimping die set, 
closing the forming and crimping die .set intermittently 
when the tubular blank is not being moved, and cutting 
off a formed section of the tube projecting from the die 
when another section is being formed. ‘ 

3. The methodof claim 2 including heating a section 
of the tubular blank prior to entry through the die, when 
another portion of the-tubular blank is being formed in 
the die. ' . j ‘ a 

4. The method of forming a hollow article from, metal 
tube stoekwhich consists in closing one end of the tube, 
applying gas under pressure to the interior thereof, cr-irnp 
ing the tube at a point spaced from the tube closure to 
con?ne pressurized gas therein, leaving between said 
closure and crimp a tube section to be formed,’ closing 
forming dies on said section for the forming thereof, vent 
ing the pressurized gas from the section} While con?ned 
between the forming dies, opening the dies and removing 
the section therefrom, and cropping the crimped and 
closure parts of the section therefrom. 

5. The method of forming a hollow'shaped article 
from hollow stock which consists in applying gas pressure 
to the interior of said stock, closing sets of spaced-apart 
crimping dies on the stock to crimp the stock and isolate 
a stock sect-ion therebetween which is ?lled with pres 
surized gas, closing a forming die set on said section while 
thecrimping dies engage the stock, forming a vent in the 
stock section while die-con?ned to vent pressurized gas 
therefrom, and opening- the crimping and forming dies 
and removing the stock‘ section rtherefrom. ' _ . 

6. The method of claim 5 including the further step of 
cropping at least one of the crimped parts from said 
stock section; 

7. The method of claim 5 ‘wherein the step of forming 
a vent in the stock section comprises piercing the wall of 
the stock section. 

8. The .method of claim 5 wherein the stepof closing 
sets of crimping dies ?attens, the walls. of the hollow stock 
into intimate contact with one another. 

9. The method of making a hollow metallic blade of 
airfoil cross section which consists in closing one end-of 
a tubular workpiece, heating the workpiece locally a 
section thereof vwhich is to enter a forming die, advancing 
the heated section of the closed .tu-be between forming 
dies,_applying gaspressurewto the inside of the workpiece 
from its. open end, closing the forming dies upon said 
workpiece section, the ?rst time near ‘its closed end, con 
currently pinching to. substantial ?atness the workpiece at 
eachend ofbthe workpiece section to hold gas pressure 
therein during ‘forming die closure, relieving gas pressure 
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from the formed and pinched workpiece section,‘ opening 
the forming die,'advan_ci_ng the die-formed and pinched, 
workpiece section out of said forming die, andjcutting 
off the ‘formed section ‘inwardly of the pinched-grands 
‘thereof. 7 - . 

‘ 10. ‘The method-of making a hollow metallic article 
of ?attened section from a tubular blank, which consists 
in ?attening and pinching'a short portion of the blank to 
provide a closure, introducing pressurized gas‘within' the 
blank, ?attening and pinchingaysecond short portion of 
the blank, spaced ‘from the ?rst portion, leavingthere 
between a ,rgas?lledrelongated tubular bl-ank'porrtion, 
placing the gas ?lled blank portion between forming dies 
and closing the dies on the gas tilled portion whereby to 
form the portion tot-he desired'section against thegas. 
pressure con?ned therein by said ?attened portions, pierc 
ing the blank whileit is still con?ned between dies to'vent 
pressurized gas (therefrom, and separating the dies and 
removing the formed blank therefrom. , 

p 11. The method, of forming a hollow section from 
metal tube stock'comprising the steps of feeding gas under 
pressure to one end of the tube; ?attening parts of the 
tube so that the walls thereof are in tight contact, at 
spaced apart points, leaving therebetween a tubular sec 
tion containing gas under pressure; die pressing said tu 
bular section to desired ‘form; relieving flattening pres 
sure on said tube permitting the escape of gas; and cutting 
out, from the formed tubular stock,~-the hollow section de 
sired. . , . . 

12. The method of forming :a ‘hollow section from 
metalrtube stockcomprising the steps of feeding gas under 
pressure to one end .of tl1e_tube;.-ilattening pants on the 
tube so that the walls, thereof are .in tight contact, at 
spaced apart points, leaving therebetween a tubular sec 
t-ion containing, gas under’ pressure; die pressing said tu 
bular section to desired form; cutting a ventfor the relief 
of ‘gas pressure in the formed part of the-tube before relief» 
of die pressure thereon; relieving :die pressure; removing 
the’ formed part of the tube and cutting from the tube the 
formed ,part thereof. 
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