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= DEFINISI

In the extrinion process. metal s compressed and foreed to flow through a suitably
shaped die 1o form a product with reduced buk constant cross secuon. Although ex-
LrusIon may he el faormed ewther hot ur cold. hot extrusion 18 i_'q_}mﬂnjm}r .__~|-[”-,|.._--11\ Ot
for min Y mctals to reduce the forces rg'qmrud, eliminate cold-work ng effects, and re-
duce directional properties. Basically. the extrusion process is like squeezing tooth-
paste out of a tuhe. In the case of metals, a common arrangement 1s 10 have a healed
Millel [:']EICU\’J mside a Cc‘:l'r'!il'unﬁ chamber. A ram advances from one end, caus ng the
billet 10 first upset and conform to the conlining chamber. As the ram continues o
advance, the pressure builds until the material flows plastically through the die and
extritdes. as depicied in Figuie 10-2
riaxial compression,

5 Yhe struss state within the materiad 15 one of

IKURE 16-26 Typi
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Drrect exirusion indircut extrusion

FIGURE 16-27 Direct and indirect extrusion. In direct extrusion, the ram and billel bolh mowve a
iriction between the biliet and the chamber opposes forward motion. For indirect extrusion, the
Litlet is stationary, There 15 no billet—chamber friction, since there is no relative motion




Hollow shapes

several method:

f't!',ll'-.' | (A

Lor praducts with muluple or more complex cavities, a spider-mancre! dic (also knogd
as a porthole, bridee, or torpedo dic) may be required. As illustrated m Figure 16-31.mes
Hows around the arms of a “sprder.” and a further reduction then forces the muiteral i
Logether. Since the metal is never exposed 10 contamination, perfect welds result. Unigg

tunately, lubricants cannot be usced since they will contaminate the surfaces 1o be weldig
‘The process is thercefore limiled to matenals that can be extruded wathoul lubricabionss
can also be casily pressure welded

Since additional 1ooling s required. hollow extrusions will obviously cost n
than solid ones, but a wide vartety of conlinuous cross-section shapces can be produss

that cannot be made economically by any other process,




FIGURE 16-29 Crid pattern
sNoOwWING the metal flow in a

threct -.'---.‘-r usion. The hillel was
sectioned and the grid patiern

Wwas engra e Prior Lo exlrusion




second step

FIGURE 16-30 Two melhods

of extruding hollow shapes using

internal mandrels, In parl (a) the Ran and

mandrel and ram have mantire| First step Second step
independent motions; in part

(b) :|-..|:-;~:,r move as a single unil
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o HYDROSTATIC EXTRUSION (1)

Another type of extrusion, known as hvdrostatic extrasion, s illustrated schematics

in Fieure 16-32, Here high-pressore (luid surrounds the workpiece and applics the o
necessary 1o extrude it through the die. The product emerges into either almospies

pressure or a lower-pressure [luid-filled chamber. | he process resembles direct extris
but the pressurized fuid surrounding the billel prevents any upsctiing. Since the b
does not come into contact with the surrounding chamber. biliet—chamber fncho
climmatced. In addition. the pressurized fluid can also emerge between the billet andi

dic. acting i the form af a lubricant.
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{ onve d oxtiusion 15 a discontinuous process. converime [imte-length iflets iﬂl‘!
. I : 5

finne-length products. If the pushing foree could be applicd to the penphery of the e
itinuous feedstock could be converted into continus

hecome one of contmuons extrusion. e [irst contg
cdstock was performed n 1970, Since then, o number#
55, [ tcoms vl commernds

ven by surlace {riction into a chamber created by a mating die segment. Upon impacis
a I:-n_-rlrm_lim_"; abutment, the material ppsets Lo conform ¢ chamber, ind the increas
wall contact further increases the driving friction. Upsellng continues until the pis
1 sufficient to cxtrude (he material through a die opemng that i
j " the shoe or ahatment. Al this point, the rate of malc
a sleadv-state ¢
Stice surface Iriction is the propulsion fonee, the feedstock can take a va

forms. mcluding solid rod, metal powder, punchouts from ather forming operationt®

chips from machming, Metalhic and nonmeltallic powders can be intimately mixed i

Rapidly salidified material can be exiruded withoul exposure to tl
atures that would hann the propertics, Polymeric materials and cven (i
einforced plastics have been successlully exiruded. The most common feed, howed
oiled aluminum or copper rod

Continuouys extrusion complements and ¢ 1es with wire drawing and shig
rolling as a means of producing nonterrous products with small, butl uniform, cros
tions, 10 is particularty attracuve for complex profiles and cross sections that containil
or more holes, Since extrusion operations can perform minssive reduciions 1
simgle die, one Conform operation can produce an amount of deformation e

to 10 conventional drawing or cold-rolling passes. In addition, sulficient heat
crated by the deformation that the product will emerge in an anncaled condition. &
for lurther processing without intermediate heat (recatment,

b CONTINUOUS EXTRUSION (1)
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FIGURE 16-33 Cross-sectional schematic of the Conform continuous extrusion process. The
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