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CORRECTING RAFFLE PLATE 

Clare S. Harris, Midland, Mich.,.and Clifton J. Hu?man, 
Ferguson, -M0., assignors to The Dow Chemical Com 
pany, Midland, Mich., a corporation of‘ Delaware 

.Application December; 18, 1953,*=Serial‘No. 398,972 

v1 Claim. . (Cl. 207-17) 

This invention relates to the extrusion of metals. It 
_pa.rticularly.,concerns. a die- assembly including a ba?ie 
plate-tor controlling: the flow of metal through a die of 
non-uniform. flow; characteristics. 

In: the, pressure extrusion of metals, the size .and shape 
of. the dienori?ce in?uence greatly theresistance tor-the 
“?ow. of, .theametal through the die. With many dies, the 
.rate- o??owv through one section of .the ori?ce may ma 
.terially exceed that. throughanother section. As‘ a re 
..sult, the, extruded product may be curved as it‘ issues from 
the die,-~or may :exhibit surface imperfections, suchras 
scu?ing. This-tendency is’ most pronounced withdies for 
making extruded products haying thin-walled sections in 
,tegral with. metal of greater thickness. 

,Die designers, aware of this problem, usually try. to 
1 build, into each die structural features intended to equalize 
.theurate- of- flow at all. cross-sections. of the die ori?ce. 
,_ Several. types of. equalization have been used. In one, 
“the. length- of the land or beating of the die is increased 
at regions tendingto rapid ?ow in order to provideadded 

:frictionalresistance atthese regions. In another, the 
,entrance to: the die. ori?ce, rather than. being straight, is 
made tapered or choked. Thedegree. of taper. is_varied 

1 to provide greater. or lesser resistance-to. ?owv at' various 
;sections.'ofv the ori?ce as'required. Asimilar result-is 
1 obtained byvarying the radius of the curved surface over 
-.,whilch- the metal flows. into the. ori?ce. 

,These measures, while effective, so complicate the con 
struction of the extrusion die as .to necessitate much pre 
cision. machine work in- making it. Likewise, when such 
adie needs repair, or requires modi?cation in some minor 
respect, only experienced. toolmakers. of the highest skill 
.canbe trusted with the Work. Forthis reason, the 
.7 established methods of providing extrusion dies With 
.equalized ?ow characteristics have all. proved extremely 
expensive. 

It ‘is accordingly the principal object ofv the invention 
.to provide an extrusion die assembly. in .Which equaliza 
tionof metal ?ow at all sections is achieved at far less 
expense than heretofore. Another object is to provide 

.-a die assembly of such simpli?ed construction that it 

.may the-easily made, and'when- necessary repaired, by 
regular machinists. A further object is to provide an as 
- semblyin which the adjustments necessary for equalizing 
.?ow are carried out simply andte?fectively on auxiliary 
ba?le- means and without having to alter the extrusion 

gdieitself. ,An additional object is to provide a die as 
~sembly employing simpler dies and requiring alesser 
~ quantity of expensive tool. steel than has been customary 

,heretofore. 
The. invention is applicable to ‘correct the flow through 

any extrusion ,die having .at leastone metalfshaping 
.ori?ce and being of such design that the rate of metal 
Xj?owlduring extrusion tends to. bev less rapid at one-sec 
.tionof the. die than at some other section. Brie?y, the 
,invention comprises,_ in combination with such a ,die, a 
__ba?i'le_ mounted .ahead of the inner face, of the die and 
' having an opening in line with and larger than that of 
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each die ori?ce. The openingin the baf?e is made of 
such size and shape that the flow of-metal to the least 
rapid section. of the die opening is unimpeded while the 
?owtojthe more rapid sections of the dieis restricted-Ito 
a degree such as to equalize ?ow through all- sections 
of the die. To this, end, the size andshape ofetthebaf?e 
opening are made such that the ratio .of the width ofthe 
ba?le opening at any section .to ,the ‘width. of the .die 
ori?ce at the ‘corresponding, section is. greater _at..the,sec 
tions ‘tending to less rapid ?ow- .than at the sections, tend 
ing to more rapid ?ow. 
The invention may be understood more. clearlyby ref 

erence to the accompanying drawings, in which‘ 
Fig. 1 is a vertical partialsectionrshowing a.<.direct 

metal extrusionpress (indicatedschematically) .with,.a 
ba?le plate according , to the. invention, extrusion ,die, 
and backer plate all in place, the section .being taken 
along the line.1-—1Iin Fig. 5; 

Fig. 2 is an elevation, ofuthe baf?e plate. of.Fig.,l, 
viewed‘ from the inlet side; I 
‘Fig. 3 is a similar elevation of the die, plate ofrFig. 1; 

P Fig. 4, is a similar elevation of the backerplateof 
ig. 1; 
.Fig. 5 is another elevation viewedzfrom the. inlettside, 

showing the ba?le plate,- die plate, and. backer_.,.plate as 
sembled together; ' 

Fig. 6 is a section through'the die_assembly,rtaken 
along the line-6—6 of Fig. 5; ' ' 

Fig. '7 is another section through the’ die _.assembly, 
along the line 7—7 of Fig. 5; . 

Fig. 8 is a fragmentary perspective view of, anextr-‘uded 
angle beam made with the die assembly of‘ Figs.. 1.1017; 

Fig. 9 is an enlarged fragmentary section .of one typi 
cal baf?e plate anddie plate according .to theinvention, 
dimensioned for explainingina general. way the-interre 
lation of the sizes of the ba?leand ,dieopenings; 

Fig. 10 is, an elevation from the inlet side. of another 
type of baffle plate according. to. the. invention,. for use 
with a.single rectangulardie ori?ce; I 

Fig. 11 is- a similar elevation ,of still anotherlba?ie 
plate and die assemblyaccording to ,thevinventiomtor 
makinga ?nned tubular extrusion; and 

Fig. '12 is an elevation from, the inlet side of aba?le 
plate in placebefore, aHmultiple-opening die. 
The die assembly of Figs. 1 to 7 is designed for making 

an extruded opensection, in this instance the angle beam 
11 shown in Fig. 8. This. beam has two relatively. thin 
walled ?anges 12 and 1-34 which join at. a. thicker vertex 

When an attempt isv made to, produce sucha beam 
by extruding metal through. a die 15 havingan inner 
or entrance face. 30 containing an appropriately shaped 
die or?ce 16 (Fig. 3), they rate of metal flow tends'tobe 
non-uniform. The metal forming thevertex 14Epas5es 
through the widest section of the die ori?ce,’ and, because 
,of the relatively low'resistanceto ?ow there, .tends to is 
sue at’ a- comparatively rapid‘ rate. On- the otherhand, 
the metalforrning the ?anges 12 and'13, particularly 
that near the outside edges, moves through the most,re~ 
stricted sections of- the die ori?ce, which offer higher ?ow 
resistance, and‘ hence tends to extrude. at .a.slower, rate. 
This difference in ?ow tendency between the parts -of_the 
extruding beam subjects the metal to stresses_which,._if 
extreme, .cause serious imperfections in the product.v .The 
ba?le plate. 17 shown provides a simple means of equaliz 
ing ?ow at all points of the die ori?ce 16. , . 

Because, in theinventionpthe means for equalizing 
the metal ?ow rateare not included in- the extrusiondie 
itself, the ,die maybe of greatly simpli?ed. construction. 
As shown, the die 15 is merely- a disk or plateofatool 
steel with plane parallel faces. ,It may be,.made.,quite 
thin, with athickness usually, less.than_ a twentieth_..its 
diameter; e.g. it need be no more than one-eighth to one 
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fourth of an inch thick. Cut through the die plate 15 
is the die ori?ce 16 corresponding in every detail to the 
cross-sectional shape of the product to be extruded. This 
ori?ce is quite satisfactorily made with sharp (90°) edges 
at the inlet and outlet (Fig. 9), although it may have a 
slight entering radius, or slight relief at the outlet end, as 
desired. The ori?ce 16 is also most conveniently formed 
With parallel walls, as shown, although a taper or choke 
is permissible. 
As will be seen in Fig. l, the plate-like die 15, to 

gether with the ba?le plate 17 and a supporting pia 
like backer 18, ?t snugly into a supporting die ring 19. 
The latter is held seated against the outlet end of the 
cylinder 20 of a conventional direct extrusion press also 
provided with a plunger 21 and dummy block 22. A 
billet of magnesium-base alloy or other metal to be ex 
truded (not shown) is placed in the space 23 between 
the block 22 and the die assembly. The thrust of the 
billet on the die assembly is resisted by a bolster 24 or 
other conventional die holding means. 
The baffle plate 17 is also a steel disk, of the same 

size as the die plate 15, and is usually, though not al 
ways necessarily, considerably thicker than the latter. 
For sturdiness, a thickness of at least three-eighths inch 
is preferred. The ba?le 17 also has plane parallel faces, 
and is mounted ahead of the inner face of the die plate 
15, being seated against the latter. Cut through the 
baffle plate is the baffle opening 25, the shape of which 
is an essential feature of the invention, and will be de 
scribed in detail later. As is especially clear from 
Fig. 5, this opening 25 is in line with the die ori?ce 16, 
and is larger than the latter, so that the baf?e does not 
mask the ori?ce. Each cross-sectional dimension of the 
opening 25 is larger than the corresponding dimension 
of the die ori?ce 16, making the latter the ultimate con 
striction which imparts the ?nished shape to the metal 
being extruded. The baffle opening is preferably made 
straight through, i.e. with parallel walls normal to each 
face of the plate as shown, through some degree of taper, 
either forward or reverse, is permissible. 
The backer plate 18 is also a steel disk of the same 

diameter as the die plate 15, and with plane parallel 
faces, and rests against the exit face of the die plate. It 
is provided with an opening 26 in line with and larger 
than that of the die ori?ce to allow free passage of the 
extruded product. The backer plate is made thick enough 
to rest against the bolster 24 and thus to support the die 
plate 15 Without signi?cant deformation under the heavy 
pressure of extrusion. 
To prevent rotation of the baffle plate 17, die plate 

15, and backer 18 relative to one another, registering 
holes 27, 27a, and 2712, are drilled in each. in the as 
sembled die structure (Fig. 1), locking pins 28 inserted 
in the registering holes insure alignment of the die ele 
ments during extrusion. The ba?le plate, die plate, and 
locking pins are all made of the tool steel commonly 
used for extrusion dies, and are heat-treated in the usual 
way before installation. 

In making extruded product with the press and die 
assembly as in Figs. 1 to 7, a preheated billet is inserted 
in the space 23 and the plunger 21 is actuated to force 
the billet against the die assembly. The plastic metal of 
the billet ?ows through the opening 25 in the baf?e plate, 
thence through the die ori?ce 16 where it is ?nally shaped, 
and ?nally out of the rear of the die as ?nished product. 
Aside from the presence of the baffle plate, and the 
thinness of the die plate, the entire assembly, and the 
extrusion process, are in accordance with standard prac 
tice. 
As has been mentioned, the cross-sectional shape of 

the opening in the baffle plate 17 is a major feature of 
the invention. The outline of the baffle opening never 
fully parallels that of the die opening. Rather, the 
shape is such that the ratio of the width of the baffle 
opening to the corresponding width of the die ori?ce 

40 

75 

varies from point to point along the periphery of the 
ori?ce. The ratio of these widths is made greater at 
points of high resistance to flow of metal through the 
die ori?ce than at points of lower resistance. For the 
die of Fig. 3, the maximum resistance to ?ow through 
the ori?ce 16 is at the outside ends of the ori?ce, while 
minimum resistance is at the vertex. Accordingly, the 
baffle opening 25 is made widest relative to the die open 
ing at its outside ends and narrowest near the vertex, 
producing the shape illustrated in Fig. 2. (The interrela 
tion of the ba?le opening and die opening is shown best 
in Fig. 5.) The precise shape of the opening 25 is that 
required to equalize the rate of metal flow through all 
points of the die ori?ce 16. Under this circumstance, the 
arithmetic difference between each cross-sectional dimen 
sion of tile batlie opening and the corresponding dimen 
sion of the die ori?ce varies throughout the cross-sections 
of the ori?ce substantially directly as the resistance to 
metal ?ow of the sections. 
These dimensional considerations may be further ex 

plained with reference to Fig. 9, which is a fragmentary 
generalized section through a baf?e plate and die plate 
according to the invention. There, the die plate 15, of 
thickness t, de?nes the die opening 116, which, at any 
particular cross—section, has a width w. At the same sec 
tion the baffle plate 17, of thickness t’, de?nes the baffle 
opening 25, of width w’. The distance between the edge 
or wall of baffle opening 25 and the edge or wall of the 
die opening 116 may be termed the offset 0. Preferably 
this offset is the same on both sides of the die opening, 
in which case 0=1/2 (w'—w). 

In the invention, the ratio w’/w varies from point to 
point along the periphery of the die opening, the degree 
of variance being just that required to equalize ?ow rates 
of the extruding metal through the various points of the 
ori?ce. Stating the same thing another way, the offset 0 
varies from cross—section to cross-section along the ori?ce 
to equalize flows. (The cross-sections are taken normal 
to the centerline or centerlines of the ori?ce.) Each of 
these related quantities, viz. w’/w and 0, is greater at 
regions of the die ori?ce where the resistance to ?ow of 
metal is higher than Where it is lower. In general, at 
those sections of the die ori?ce where the resistance to 
flow is the greatest, the offset 0 should be at least equal 
to the baffle thickness t’. (For instance, the offset 0 
should be 1/2-inch or more when the baffle plate is 1/2-inch 
thick.) Under this condition, the baf?e edge is remote 
enough from the ori?ce to add little if any resistance to 
the flowing metal. The metal enters the die ori?ce almost 
unimpeded. On the other hand, at those sections of the 
die ori?ce where the resistance to flow is the least, the 
baffle offset 0 is advantageously made less than half the 
thickness of the ba?le plate, and may, in case of extreme 
?ow differentials in a die, be as little as a third to a fourth 
the ba?le thickness. With this small degree of offset, the 
ba?le edge is so close to the ori?ce as to impart con 
siderable resistance to the ?owing metal, i.e. to choke it, 
and thus to slow it down materially. 
The choice of the precice degree of ba?‘le offset 0 to 

equalize ?ow throughout any particular die ori?ce in 
volves a number of factors. When the die ori?ce is of 
nonuniform width, the sections of highest resistance to 
metal ?ow are nearly always the ‘sections Where the ori 
?ce is the narrowest. Hence, in the invention, the baffle 
offset 0 is in general made the greatest where the ori?ce 
Width w is the smallest, and is made the smallest where 
the ori?ce is the widest. However, end effects and other 
phenomena also affect the resistance to ?ow through a 
die ori?ce, and these also must be taken into account. 
For instance, in the case of a die ori?ce of uniform width, 
e.g. a rectangular opening, the distance of the ?owing 
metal from the container wall, and to a lesser extent end 
effects, are the main ones operative. In such a case, the 
offset 0 is made greater near the ends of the die ori?ce 
than at the middle. Such an assembly is illustrated in 
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Fig. 10, the die ori?ce 16a being rectangular, and the 
baf?e opening 25a being bulbous at each end. 
For any speci?c die for making some desired extruded 

shape, the balancing of these various factors, such as 
ori?ce width, wall distance, end e?ects, and others may 
not always be susceptible of easy mathematical analysis, 
and calls for judgment on the part of the die designer. 
However, extrusion men are aware of the ?ow character 
istics of various types of die ori?ces, and will have no 
di?iculty in applying the principles of the present inven 
tion to any particular case. For utmost precision, the 
ba?ie design may be worked out by machining out a 
?rst approximation, testing the ba?le in an actual extru 
sion operation, and, if necessary, removing it from the 
die assembly and making further minor corrections as 
required to equate ?ow at all parts of the die ori?ce. 

While the invention is primarily useful in making open 
extruded sections having a relatively thicker and a rela 
tively thinner section, it is also applicable in making 
tubular extruded products of unusual contour. As an 
example, the die assembly of Fig. 11 is adapted to make 
a simple tube with two opposite thin-walled ?ns. In 
this assembly, the die ori?ce 16!) consists of a circular 
portion with two peripheral slots. For forming the tube, 
a mandrel 29, supported by a conventional spider or 
bridge mandrel holder, not shown, projects into the ori 
?ce 16b. The ba?le opening 25b is made with small 
o?set from the die ori?ce in the middle, with larger 
oifset near the ends. 
Another area of usefulness of the ba?le principle of 

the invention is in the case of multiple ori?ce dies. In 
such dies, the rate of metal flow is in part aifected by 
the relative distances of the various ori?ces from the 
wall of the press container. When one of a plurality 
of identical ori?ces is nearer the wall than another, the 
rate of metal ?ow during extrusion tends to be more 
rapid at the ori?ce most remote vfrom the Wall. In this 
case, a ba?ie plate is mounted ahead of the die having 
openings each in line with and larger than the corre 
sponding die ori?ce. The ratio of the width of the ba?ie 
opening to the width of the corresponding die ori?ce is 
made greatest at the ori?ce of least rapid flow. Such 
an assembly is shown in Fig. 12, in which the die plate 
is provided with three identically sized ori?ces 16c, one 
being centered in the die plate and the other two being 
eccentric. In this case, the baffle openings 25c corre 
sponding to the eccentric openings are made larger than 
the opening 25d corresponding to the central ori?ce. 

In comparison to prior practice, die assemblies ac~ 
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cording to the invention exhibit a number of important 
advantages. The die plate may be a simple disk, and 
the ori?ce can be cut to shape by a milling operation. 
The same is true of the ba?le plate, with the further 
simpli?cation that the baffle opening, not requiring the 
precision of the die ori?ce, may in many cases be roughed 
out by sawing. Expensive machine work is nearly elimi 
nated. Further, the die plate and ba?le plate can be 
made thin in comparison to the massive dies often used 
heretofore, realizing a saving in expensive tool steel. 
Necessary corrections for a ?nal equalization of ?ow 
rates on all parts of a die of complex shape are made en 
tirely on the ba?ie plate. The die, which is the precision 
element of the assembly, remains untouched. More 
over, wear and distortion of the die assembly during 
prolonged extrusion occur mainly on the baf?e plate, so 
that the die ori?ce maintains exact dimensions for a 
longer period than heretofore. As a result of these 
factors, overall extrusion costs are lowered without sac 
ri?ce, and indeed, with improvement, of quality. 
The claim is: 
A composite die assembly for extrusion comprising a 

die plate of uniform thickness, a die aperture in said 
plate having parallel walls perpendicular to said plate, 
said aperture being of differential width, a baffle plate of 
uniform thickness ahead of said die plate through which 
the metal is extruded toward said die aperture, an aper 
ture in said ba?ie plate having parallel walls perpendic 
ular to said ba?ie plate, said baf?e plate aperture being 
of the same general con?guration as said die aperture 
but larger in opening by spacing the walls of said baf?e 
aperture away from the walls of said die aperture, the 
spacing being greater in the locations where said width 
of said die aperture is smallest, said die plate being 
formed of die material and said baf?e plate being formed 
of inexpensive material. 
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