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This invention relates to broaches for cutting 
internal surfaces of a member wherein it is de 
Sired to form a final contour rectangular in croSS 
Section with the sides of the rectangle splined and 
with the corners of arcuate shape for use as bear 
ing surfaces. 
The broach herein revealed is of a type gen 

erally similar to that described in my copending 
application Serial No. 195,673, filed March 14, 
1938. It differs therefrom in the manner of cut 
ter staging, it having been found that the tool 
may be shortened by altering the stages as to 
those cutters having the function of forming the 
arcuate corners of the rectangle. 

Also, it is recognized that a broach will often 
leave its course and thereby cut, an imperfect 
formation. It is an object of this invention to 
provide a broach with guide means therefor 
active throughout its length. 
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More particularly it is an object to provide a 
broach having guide surfaces at each cutter, these 
surfaces changing along the length of the broach. 
Another object of this invention is to provide a 

multiple stage broach for forming a groove, one 
stage having dual cutters in the groove and an 
other stage having single finishing cutters, the 
cutting edges of each dual cutter being normal to 
each other and each single cutter having arcuate 
cutting edges in continuation of the cuts begun by 
the dual cutters. 
A further object is to provide a broach for cut 

ting groups of internal splines circumferentially 
spaced and separated by arcuate bearing Surfaces, 
the cutters being arranged in stages in such an 
ner that the splines are completely cut simulta 
neously with starting the initial cuts of the bear 
ing surfaces. The cutters thereafter being re 
lieved of all duties except that of finishing the 
bearing Surfaces. 
Other objects and advantages Will become more 

fully apparent as reference is had to the accom 
panying drawing wherein my invention is illus 
trated, and in which, ... . . 

Fig. 1 is a side elevation of my improved broach. 
Fig. 2 is a transverse section taken along the 

line. 2-2 of Fig. 1, - - - 

Figs, 3 and 4 are transverse sections taken 
along the lines 3-3 and 4-4 respectively of Fig. 
1, showing the spline and bearing surface forma 
tion respectively. 
More particularly, indicates a workpiece in 

the interior walls of which it is desired to form 
internal Splines and bearing surfaces. The piece 

is generally of cylindrical exterior and is origi 

or otherwise preferably formed into a rectangular 
shape With rounded corners as indicated by the 
dotted lines 2. The broach herein provided en 
larges the opening 2 to the final form indicated 
by the dotted lines 3. 
The broach, as illustrated in Fig. 1, is com, 

posed of three longitudinally spaced stages of cut 
ters, the section of Fig.2 being taken at the final 
cutter of the first stage and the sections of Figs. 3 
and 4 being taken at the first cutter of the second 
and third stage, respectively. A section 4 at the 
Smallest end of the broach has a slot 5 therein 
for attachment of the broach to a machine by 
which it may be pulled or pushed through the 
work piece either vertically or horizontally. Be 
tween the section 4 and the first cutter 6 is a sec 
tion which is rectangular in cross section, and 
which guides the first cutter 6 to its cutting posi 
tion. 
The cutters of the first stage are all rectangular 

in cross-section, the first cutter 6 of this stage 
being of such size as to take a small cut from 
each of the sides of the rectangle 2. If the rec 
tangle 2 is properly sized and centered by the op 
erations preceding those by the broach herein 
described the corners of the cutters 6 of the first 
stage may be rounded at the corners 4 as illus 
trated in Fig. 2, but if this broach must assume 
the duty of centering this hole then it is recom 
mended that the cutters 6 be true rectangles with : 
sharp corners thus cutting away the stock of the 

s 

corners of the opening 2. It is recommended that 
the hole, 2 be accurately centered before broach 
ing. The corner portions 4 then have no other. 
function than to guide. The cutters 6 of the first 
stage have straight sidewalls and continue to 3. s 
take cuts until the opening 2 has reached the Sur 
faces of the splines 7 to be cut as shown in Fig. 2. 
The splines 7 are herein illustrated as being five 

in number along each side of the rectangle, each 
set of five splines being, considered a group Which 
is peripherally spaced from each adjacent group 
by a distance greater than the width of a spline. 
The first cutter 8 of the Second stage of cutters 
has a plurality of shallow grooves or cut out por 
tions 9 along each side thereof thus forming a 
plurality of cutting edges, and begins to form all 
of these splines simultaneously, each succeeding 
cutter in this stage taking a progressively deeper 
cut as illustrated in Fig. 3 until all splines are 
completely formed. The outside surfaces of the 
end Splines of each group are Only partially 
formed in this stage, the cutting edges there 
for being progressively narrower and terminating 

nally of cylindrical interior shape and machined before a groove depth equal to that of the splines 
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2 
are cut. These cutting edges are each parallel to 
the other spline forming cutting edges So that two 
of these edges normal to each other are cut 
ting out each of the portions circumferentially 
separating the groups of splines simultaneously 
with spline formation. The corner Surfaces 4 
separate the corner cutters into pairs, or into 
dual cutters, and continue to serve no other pur 
pose than guides during cutting by this second 
Stage, alsO. 
The first cutter of the final stage of the cut 

ters has four arcuate cutting edges 2, which 
grow progressively larger as illustrated in Fig. 4. 
Separating the arcuate cutters are grooves 3 
which accommodate the splines which have 
been completely formed. The grooves 3 noW 
cooperate with the splines to constitute guides 
While the corners are being cut. The cutting 
edges 2 complete the cutting of the portions sep 
arating the groups of spines, the portions thus 
cut, into the member constituting bearing Sur 
faces for engagement with similar SUrfaces of a 
male member (not shown) in Order to relieve the 
splines of all but driving functions. 
What is claimed is: 
1. A broach comprising a plurality of longi 

tudinally spaced stages of cutters with the cut 
ters of each stage having a contour similar to 
that of the other cutters in the Sanie Stage and 
different from that of any other stage, the stages 
and the cutters of each stage progressively in 
creasing in size from front to rear of the broach, 
the cutters of the first stage all being Substantial 
ly rectanguiar, the cutters of the second stage 
being rectangular and having a plurality of Spline 
forming grooves in each side thereof, the Cut 
ting surfaces of the lands on each side of Said 
grooves of any cutter being coplanar throughout 
any side of the rectangle, the cutters of Said 
third stage being rectangular and having Spline 
accommodating grooves separated by non-cut 
ting lands formed in each side thereof, said sides 
being connected by arcuate cutters of progres 
sively increasing size, the arcuate cutters on the 
final cutter of the last stage being at a greater 
distance from the center of the rectangle than 
any portion of any of said lands or grooves. 

2. A male broach comprising a broach body 
having a plurality of enlarged portions regular 
ly Spaced along the major portion of the ength 
thereof, each of said portions comprising periph 
erally spaced cutting edges separated by non-cut 
ting surfaces, Said non-cutting Surfaces consti 
tuting guides for said cutting edges, said non 
Cutting Surfaces shifting their anglar position 
between the first and last of said portions. 

3. A male broach comprising a broach body 
having enlarged portions regularly Spaced along 
the major portion of the length thereof, a part 
of the periphery of each of Said portions con 
stituting a cutting edge, the remainder of each 
of said portions constituting guiding means, said 
cutting edges increasing in diameter from por 
tion to portion, said guiding means being of con 
Stant radius from portion to portion, that part 
of Said peripheries constituting cutting edges for 
Some of Said portions becoming guide surfaces 
for others of said portions, that part of said 
peripheries constituting guide surfaces becoming 
cutting edges upon the adjacent parts becoming 
guide surfaces whereby all of Said portions com 
prise guide means and cutting edgeS. 

4. A male broach for forming an opening in a 
work piece to provide groups of splines separated 
circumferentially by bearing Surfaces, Said broach 

2,209,026 
having cutters for forming the splines, and Cut 
ters for forming the bearing surfaces, the cut 
ters for forming each bearing Surface comprising 
a first series of cutters of progressively increasing 
size, each cutter of said first series being Con 
posed of cutting edges arranged in pairs With the 
edges of each pair at right angles to each other, 
and a second series of cutters longitudinally 
behind the first series and also of progressively 
increasing size, each of the last named Cutters be 
ing arcuate and of a circumferential extent equal 
to that of the bearing surface to be formed, the 
arcuate cutters of the second series being aligned 
With the pairs of cutters of the first series. 

5. A male broach for forming an opening in a 
work piece to provide groups of Splines Separated 
circumferentially by bearing surfaces, Said broach. 
having cutters for forming the spines and cut 
ters for forming the bearing surfaces, the cut 
ters for forming each bearing surface coil prising 
a series composed of a plurality of aligned pairs 
of cutters with the cutters of each of Said pairs 
normal to each other, Said pairs of cuttiers pre 
gressively increasing in size from front to rear 
of the broach, and a Second Series of aligned 
arcuate cutters aligned With Said pairs, the cut 
ters of Said Second Series progressively increasing 
in size, the final One of said second Series hav 
ing a peripheral portion equal to the width of 
the bearing Surface being cut. 

6. A male broach for forming a plurality of 
groupS. Of Splines Separated circumferentially by 
bearing Surfaces having arcuate bases and a. 
COmnOn Center Of curvature, said broach having 
cutters for forming the splines and cutters for 
forming the bearing surfaces, the cutters for 
forning each bearing surface comprising a first 
longitudinal Series of cutters of progressively in 
Creasing size, each cutter of said series being 
Composed of Spaced sets of two cutting edges, 
the cutting edges in each of said sets being 
normal to each other, and a second series of cut 
ters having cutting edges of arcuate shape, said 
arcuate cutting edges each continuing the cuts 
Started jointly by the sets of cutting edges of the 
first Series. 

7. A male broach for forming an opening hav 
ing Splines separated circumferentially by bear 
ing Surfaces, said broach having a series of spaced 
parallel cutting edges for forming the splines 
and non-cutting surfaces between certain of said 
Cutting edges, said Surfaces constituting guide 
means for Said cutting edges during formation 
of the Splines, and cutting edges for competing 
the formation of said bearing surfaces subse 
quent to the formation of the splines. 

8. A male broach for forming an opening hav 
ing Splines separated circumferentially by bear 
ing Surfaces, Said broach having a series of 
Spaced parallel cutting edges for forming the 
Splines and non-cutting surfaces between certain 
of Said cutting edges, said surfaces constituting 
guide means for Said cutting edges during forma 
tion of the Splines, cutting edges for completing 
the formation of Said bearing surfaces subse 
quent to the formation of the splines, and guide 
surfaces on said broach adapted to coact with 
the formed splines for guiding the broach during 
the formation of Said bearing Surfaces. 

9. A male broach having cutters for forming a 
rectangular hole With splines in the sides there 
of and bearing surfaces at the corners, said broach 
having guide means coacting With the corner 
Surfaces of the hole for guiding the broach dur 
ing formation of the Splines, and means coacting 
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2,209,026 . . 3. 
with surfaces of said hole after formation of the 
splines, and means for guiding the broach during 
formation of said bearing surfaces. - 

10. A male broach having cutters for forming 
a rectangular hole with splines in the sides there 
of and bearing Surfaces, at the corners, said 
broach having guide means coacting with the 

corner surfaces of the hole for guiding the broach 
during formation of the Splines, and non-cutting 
surfaces for engaging the formed Splines for guid 
ing Said broach. While the bearing surface cutters 
are Operative. 

BROR GUSTAF voN REIS. 
LEO I. KAPLAN. 


