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UNITED STATES 
HARRYM, WLLLIAMS AND CHARLEs L. LEE, OF DAYTON, OHIO, AssIGNobs To GENERAL. 

CORPORATION, OF DAYTON, OHIO, A CORPORATION or DELA RIOTORS RESEARCH 
WARE 

Application fied ray 22, 1923. Seria No. 640,798. 

This invention relates to a method of sur 
facing and sizing bushings to an exact prede 
termined size and to a machine for carrying 
out this method. 

5 An object of this inventionis the provision of a simple, economical, and very effective 
method of sizing bushings to an exact prede 
termined size and of giving them a Smoothin 
ner surface. . . . 

This invention is intended primarily for use with self lubricating bearing or guide 
bushings formed by mixing finely-divided 
particles of metal particularly of different 

10 

metals capable of alloying whenheated below 
15 the fusing point of at least one of them-with 

a volatilizable substance, compressing quan 
tity of the mixture thus formed into the con toir of a bushing, then heating the bushing 
blank thus formed in a non-oxidizing environ 

20 ment to such a temperature and for such a 
period that the particles of metal cohere or 
sinter together and the volatilizable substance passes from the bushing blank leaving it p0 
rous and susceptible of absorbing and retain 

25 ing lubricants. In the practice of the de 
scribed process it has been found that the bushings distort slightly or change their di. 
mensions slightly during the heat treatment 
and henceit becomesimportant that the bush 

30 ings be sized to the exact desired dimensions. 
after the heat treatment. Also during the re sizingofthe bushings according to this inven 
tion the high pressure of the arbor and dies upon the walls of the bushing give the bushing 

35 a very smooth inner surface without reduc 
ing the porosity of said surface. 

urther objects and advantages of the pres 
ent invention will be apparent from the fol lowing description, reference being had to the 
accompanying drawings, wherein a preferred 
form of embodiment of the present invention 
is clearly shown. 
In the drawings: 
Fig.1 shows the essential parts of ama 

chine for carrying out the method of this in 
vention, a bushing being shown in place ready 
to have the arbor inserted therethrough. . 

Fig. 2 shows a front elevation of the sta 
tionary head for supporting the die, taken on 
the line 2-2 of Fig. 1. 
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secured by any suitable means such as by 

bushing 16 with die 15. 

gages the guide 26 and thus the arbor 20 is 

arbor 20 to the left presses the bushing 16 
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Fig. 8 is a plan view of the die head, taken 
online 33 of Fig.1. 

Fig. 4 is a side elevation of the head, taken 
on line 4-4 of Fig. 3. 

Fig. 5 is a rear elevation of the head and 
shows in dotted lines several positions of the bushings as they pass through slots provided 
in the head. . . . 
Throughout the several views of the draw 

ings, similar reference characters refer to 
similar parts. 
Numeral 10 designates the stationary base 

or bed plate of the press which supports the 
bracket 11 to which the die head 12 is rigidly 
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heavy bolts extending through holes or slots 
in the flanges, 13 (see Figs. 2 and 5). 
The sizing die 15 of suitably hardened 

steel is very rigidly secured in place, prefer 
ably by a pressed fit, as clearly shown in Fig. 
1. The bushing 16 which is to be sized is 
dropped into place immediately in front of 
the die 15 through a suitable guide slot 17 
and rests at the bottom of slot 17 upon a V 
shaped support 18 so that it is aligned co 
axially with the die 15. The reciprocating 
arbor 20 is co-axially aligned with the die 15 
and is provided at its tip with a reduced 
diameter portion 21 which is readily inserted 
loosely through the bushing 16 and in this 
manner assists in guiding or aligning the 

the portion 22 of 
arbor 20 is of slightly increased diameter and 
fits snugly but with sufficient clearance to pre 
vent burnishing within the bushing 16 as the 
arbor 20 moves to the left, as viewed in Fig. 1, 
until the shoulder 23 of the arbor comes in 
contact with the edge of the bushing 16. 
However, before the portion 22 engages the 
bushing the enlarged portion 24 of the arbor 
20 engages the guide 25 rigidly fixed to the 
head 12, and the portion 21 of the arbor en 
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more accurately kept in absolute alignment 
with the die 15. After the shoulder 23 abuts e5 
the edge of bushing 16 further movement of 
through the die 15 and in so doing compresses 
the walls of the bushing between the die 15 
and the portion 22 of the arbor beyond the 100 
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elastic limit of thematerial of which the bush 
ing is composed. Hence when the bushing 16 
has been pressed entirely through the die 15 
into the open slot 30 the bushing will expand 
only a slight amount after the compressing 
pressure is removed. Thus the diameter of 
the die 15 and of the portion 22 of the arbor 
20 determine the dimensions of the finished 
bushing, and the degree of compression of 
the walls of the bushing is determined by the 
dimensions of the bushing before it has been 
re-sized. The thickness of the walls of the 
bushing before re-sizing may be varied to 
vary the degree of compression to which the 
material of the bushing is subjected in the 
resizing operation. The high pressure ex 
erted upon the inner surface of the bushing 
walls gives a very smooth surface which of 
course is highly advantageous when the bush 
ing is to be used as a bearing. Furthermore, - 
since there is no relative sliding of the arbor 
20 within the bushing during the application 
of the pressure the porosity of the inner sur 
face of the bushing will not be decreased. 
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Special means have been illustrated in the 
drawings for removing the bushing 16 from 
the arbor after it has passed through the die 
15. For this purpose two spring pressed lugs 
31 may be provided which extend laterally 
into the open slot 30, each lug 31 having a 
small beveled tip 32 which extends into the 
path of travel of bushing 16 as it is pressed 
through the die 15. When the bushing 16 
strikes the beveled tips 32 the lugs 31 are 

5 pressed outward against the pressure of 
springs 33 to permit the bushing 16 to pass be 
tween the beveled tips. 32 which slide along 
the surface of the bushing. When the bush 
ing has traveled far enough the tips 32 snap 
behind the edge of the bushing and then when 
the arbor 20 is withdrawn the bushing 16 is 
held from backward motion by the lugs 31. 
As soon as the arbor is clear of the bushing 16 
it will fall out through the open slot 30 as 
shown in dotted lines in Figs.1 and 5. The 
beveled tips 32 are preferably arc-shaped 
while the lugs 31 may be round and held from 
rotating by small projecting pins 34 which 
ride in the small grooves 35, as will be readily 
understood. The springs 33 are slightly com 
pressed and held in place by the small cover 
plates 36 secured by the screws 37. 

It has been found however, that the spring 
lugs 31 may be dispensed with simply by pro 
viding a sharp inner edge 40 on the exit end 
of the die 15. The slight expansion of the 
bushing on emerging from die 15 will prevent 
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the bushing from reentering the die when 
the arbor is withdrawn to the right as seen in 
Fig. 1. Also the slight expansion of the 
bushing will permit the easy withdrawal of 
the arbor from within the bushing. 
While the machine illustrated in the draw 

ings and described in detail herein may be . 
used for carrying out the method of this in 
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vention, other machines may be devised for 
carrying out this same method and it is not 
intended that the invention belimited in any 
way other than by the scope of the appended 
claims. 
What we claim is as follows: 
1. A machine for sizing a compressible 

bushing, comprising in combination, an ar 
bor having a portion upon which the bushing 
fits; a female die member having an aperture 
through which the arbor and bushing may 
be moved, said aperture being of lesser trans 
verse diameter than the outside diameter of 
the bushing, the entrance edge of said aper 
ture being rounded; means for supporting 
the arbor on each side of the bushing while 
the bushing is being moved through the fe 
male die member; and means for moving the 

bor and its bushing through said die mem 
e. . . . 

2. A machine for sizing a compressible 
bushing, comprising in combination, an ar 
bor providing three portions of varying 
diameters, the larger of which forms the 
main body of the arbor which is anchored to 
a movable member of the machine, the in 
termediate portion being smaller than the 
main body portion and upon which a bearing 
ls adapted to fit so that its edge engages a 
shoulder formed between the body and in 
termediate portion, the third or free end por 
tion being still smaller in diameter and pro 
viding a pilot for the arbor; a female die 
member having an aperture coaxial with the 
arbor for receiving the mandrel and its bush 
ing, said aperture being slightly less in di 
ameter than the outside diameter of the bush 
ing and having a rounded entrance edge; 
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supporting and guiding collars rigidly se 
cured on opposite sides of the female die 
member and spaced therefrom for receiving 
the pilot and body portion of the arbor, re 
spectively, to hold them in axial alignment 
with the aperture of said female die member 
while the bushing is being moved there 
through; and means for moving the arbor. 

3. A machine for sizing a compressible 
bushing comprising, in combination, an ar 
bor having a main supporting portion, a 
bushing receiving portion of smaller diam 
eter than the main portion, thus providing 
a shoulder between said portions for engag 
ing one end of the bushing, and a guiding 
portion of smaller diameter than the bushing 
receiving portion for holding the bushing 
in substantial alignment with the sizing die 
during the first part of the movement of said 
arbor; means connected with the main sup 
porting portion for moving the arbor; a fe 
male die member through which bushing 
and arbor pass to compress the bushing 
around the arbor; and means for stripping 
the bushing from the arbor when the arbor 
is withdrawn from the die member. 

4. A machine for sizing a compressible 
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bushing comprising, in combination, 8 8 
bor, having a main supporting portion, a 
bushing receiving portion of smaller diam 
eter than the main portion, thus providing 
a shoulder between said portions for engag ing one end of the bushing, and a guiding 
portion of smaller diameter than the bush 
ing receiving portion for holding the bush 
ing in substantial alignment with the sizing 
die during the first part of the movement of 
said arbor; means connected with the main 
supporting portion for moving the arbor; a 
female die member through which bushing 
and arbor pass to compress the bushing 
around the arbor; and a lug resiliently urged 
toward the arbor for engaging the end of the 
bushing adjacent the shoulder in order to 
strip the bushing from the arbor. 

5. The method of sizing a bushing of por 
ous metallic material to a desired predeter 
mined size, which consists in inserting there 
through an arbor having a diameter equal 
to the desired inner diameter of the bushing, 
then compressing the bushing on said arbor 
by passing the bushing through a die having 
the desired diameter while holding the bush 
ing in fixed position relative to the arbor 
whereby burnishing of the inner surface of 
the bushing during the sizing operation is 
revented. . 
6. The method of sizing a bushing of por. 

ous metallic material to a desired predeter 
mined size which consists in inserting there 
through an arbor having a diameter equal 
to the desired inner diameter of the bushing, 
then moving the arbor to force the bushing 
through a die having substantially the de 
sired outside diameter of the bushing and 
supporting the arbor on each side of the 
bushing during its movement. 
In testimony whereof we hereto affix our 

signatures. 
HARRY M. WAMS. 
CHARLES L. LEE. 


