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This invention relates to a centering device for an 
object and more particularly to apparatus for centering 
a mandrel nose. . ‘ _ 

An object of this invention is to provide new and 
improved mandrel centering apparatus. 
Another object of the invention is to provide mecha 

nism for centering a mandrel relative to a machine ele— 
ment such as the upper bearing plate of a grinder turn 
table in which the support carries a center post which re 
ceives and centers a‘ mandrel base and .three equally 
spaced positioning devices are disposed about the center 
post and engage the under side of. the mandrel ‘whereby 
the nose of the mandrel is centered by adjusting the 
height of thepositioning devices. and the exact position 
of a mandrel ‘is determined by setting the positioning de 
vices according to a gauge associated one with_each of 
the devices. . . V - ' 

Another object of the'invention'is to provide apparatus 
as de?ned in the preceding paragraph in'.which each of 
the positioning devices comprises a base and an upper 
supporting plate with an actuator disposed therebetween 
and having ball supporting cages on either side thereof 
and each of the cages having openings to receive magnets 
to hold the positioning device together, said actuator and 
base having co-acting sloped faces whereby longitudinal 
shift of the actuator will vary the height of the‘ top plate 
of the device to vary the position or the mandrel. ' 

Further objects and advantages will vbecome apparent 
from the following detailed description taken in connec-v 
tion with the accompanying drawings in which: 

Figure 1 is a perspective elevational view with the man 
drel broken away to show the center post associated with 
the mandrel; 

Figure 2 is a vertical section of a positioning device on 
an enlarged scale and taken generally along the line 2—2 
in Figure 1; ‘ ‘ _ ' t 

Figure 3 is a plan view of the positioning device shown 
in Figure 2, with parts broken away; 

Figure 4 is a vertical section taken 
line 4-4 in Figure 3; and ‘ 

Figure 5 is a fragmentary vertical section ‘similar to 
Figure 4 and showing part of one positioning device which 
is dilferent from that shown in Figure 4. ' 
While this invention is susceptible of embodiments in 

many different forms, there is shown in the drawings and 
will herein be described in detail an embodiment of the 
invention with the understanding that the present dis 
closure is to be considered as an exempli?cation of the 
principles of the invention and is not intended to limit 
the invention to the embodiment illustrated. The scope 
of the invention will be pointed out in the appended 
claims. ‘ 

In the manufacture of articles such as radomes in 
which the article is made of glass ?ber ?laments bonded 
together by a suitable resin, it is a usual practice to form 
the radome on a mandrel such as the mandrel 10 shown 
in the drawings whereby the article will have the desired 
internal shape. The radome while still on the mandrel 
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10 normally will undergo certain ?nishing operations, 
such as grinding, to bring the radome to the desired di 
mensional characteristics, such as thickness of wall and 
external dimensions. For this machining to take place, 
it is necessary that the mandrel be mounted with the base 
and the nose, as indicated at 11, disposed co-axially with 
the axis of rotation of a machine element 12 which, as 
disclosed, is the upper bearing plate of grinding machine. 
The mandrel 11] is properly centered at its base 13 by 

the co-action of a central opening 14 in the base which 
?ts onto a center post 15 on the machine element 12 with 
a light interference ?t. The mandrel base 13 has three 
radially extending legs 16, 17 and 18 each of which has 
an opening 19 whereby the openings 19 are equally 
spaced apart and disposed radially outwardly of thecen 
tral opening 14 in ‘the mandrel base. 

It will thus be seen that with the mandrel 10 located 
on the center post 15, the mandrel nose 11 may be cen 
tered by properly locating the height of the mandrel base 
openings 19 relative to the machine element 12. 
Means for adjusting the height of the mandrel base 

openings 19 and thus centering the nose‘ 11 of the man 
drel comprises three positioning units or devices 20, 21 
and 22 mounted on the machine element 12 in a cir~ 
cular arrangement disposed radially of the center post 
15 and equally spaced apart to be disposed adjacent 
the three openings 19 in the mandrel. Each of the posi 
tioning units carries a steel ball 23 which engages in the 
adjacent mandrel opening 19 whereby upon proper ad 
'justment of the height of the three balls 23 the mandrel 
nose 11 may be properly centered. ‘Each of the posi-, 
tioning units 20, 21, 22 are basically the same and the 
positioning mechanism 22rwill be more fully described. 
by reference to Figs. 2-4. ' ' 

The positioning unit 22 has a unit base 25 which is 
attached ‘to the machine base 12 by bolts passing through 
the slots 26 and 27 at the sides thereof. A top plate 28 
is spaced from the unit base 25 and is formed with an 
opening 29 in which anrinsert 30 is positioned to hold 
the ball 23. A shiftable actuating member 31 is disposed 
between the unit base 25 and the top plate 28 and is 
movable relative to the latter parts by being separated 
from each by means of ball-bearing cages 32 and 33 
each having balls 32a and 33a, respectively. The upper 
cage 32 is disposed between the shiftable member 31 
and the top plate 38 and the cage 33 is located between 
the underside of the shiftable member 31 and the unit 
base 25. The parts of the positioning unit are main 
tained in lateral relation by the down-turned legs 34 and 
35 on the top plate 28 which extend downwardly in 
partially lapping relation with the shiftable. member 31 
and the upwardly extending legs 36 and 37 on the unit 
base 25 which extend upwardly in partially lapping rela 
tion with the shiftable member 31. 
The ‘positioning unit 22 functions as a drive dog to 

transmit rotation of the machine element 12 to mandrel 
149 'by having the sides of the shiftable member 31 in 
engagement with the legs of the top plate 28 and the unit 
base 25 while the other two positioning units 20 and 21 
have some side play therein so that the pattern of the 
holes 19 in the mandrel may vary slightly. This side 
play is permitted, as shown in Figure 5, by having some 
clearance between the shiftable member 31 and the legs 
35 and 37 in the positioning units 20 and 21. 
The positioning uni-ts are held together by means of 

a pair of magnets 40 and 41 mounted in each of the ball 
cages 32 and 33 with the magnets 40 and 41 inserted into 
the cage with reversed polarity. With the cages 32, 33 
being formed of brass the magnets 40 and 41 form a mag 
netic ?ux path through the shiftable member 31 as well 
as the unit base 25 and top plate 28 whereby to maintain 
the parts assembled. 
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The shiftable member 31 has its lower face 42 formed 
with a slight incline and an upper face 43 of the unit base 
25 has the same incline whereby longitudinal shift of the 
shiftable member 31 will result in varying the heighth of 
the top plate 28 and the ball 23 which engages the man 
drel opening 19. 
Means for longitudinally shifting the shiftable member 

31 comprises a shaft 44- rotatably mounted in an opening 
45 in the unit base 25 and being threaded at one end 
thereof, as indicated at 46, whereby a bushing 47 fastened 
to a leg 48 of the shiftable member 31 and threaded on 
the threads 46 will be shifted longitudinally of the shaft 
44 upon rotation thereof. The shaft 44 is rotated by 
engagement of a tool with the end 50 of the shaft, and 
is held against longitudinal movement by a ?ange 51 
at one end thereof and a bushing 52 ‘at the other end 
thereof held on the shaft by a nut 53. 

In this manner the heighth of the positioning units may 
be adjusted while a mandrel 10 is supported thereon. 
Means are provided for locating a mandrel in exact po 
sition and this is determined by a gauge 55, there being a 
gauge associated with each of the positioning units 20, 
21 and 22. Each gauge 55 is mounted on a leg 56 at 
tached to the unit base 25 of a positioning unit and has 
a movable stem 57 which extends upwardly to a posi 
tion to engage'the underside of the mandrel base and 
operates a suitable dial indicator 58. 

It is thus possible to exactly position a mandrel and 
repeat this position each time the mandrel is mounted 
on the machine base by adjusting each positioning unit 
to give the predetermined dial indicator setting for each 
of the gauges 55. 

In the operation of centering a mandrel 10 and particu 
larly the nose 11 thereof, the mandrel is ?rst placed over 
the machine element 12 and the central opening 14 placed 
on the center post 15 with the openings 19 in the man 
drel base mounted on the steel balls 23. Each of the 
positioning units is operated by rotation of the shafts 
44 to provide a certain gauge reading and has the nose 
of the mandrel positioned properly as a result thereof. 
The dial indicators permit the use of any number of 

mandrels with the same centering device. Once a man 
drel has been centered, the indicator readings of all three 
units are tabulated on a chart. Since the mandrels are 
numbered, their settings can be repeated as desired simply 
by referring to the chart. Therefore, the positioning of 
each mandrel each time that it is set up is controlled 
by the dial indicators. By means of this setting meth 
od, any number of production mandrels, with bases of 
limited accuracy may be mounted in the machine with 
great accuracy. 

I claim: 
1. Apparatus for centering a mandrel having a base 

with three circularly disposed equally spaced apart open 
ings comprising, a machine base having mandrel nose 
positioning mechanism including three mandrel engaging 
units circularly disposed and adjustable in height to prop 
erly align the mandrel nose, each of said units compris 
ing a unit base having an inclined upper face, a top plate 
spaced from the unit base and carrying a member en 
gageable in one of said three openings, an operating 
member disposed between the unit base and the top plate 
with the undeside thereof having the same inclination as 
said upper face, a pair of ball-bearing cages positioned 
one on either side of said operating member to permit 
longitudinal shift of said operating member relative to 
the unit base and top plate, magnets mounted in said 
cages holding said base and top plate together, and means 
for longitudinally shifting said operating member to vary 
the height of said top plate comprising a rotatable mem 
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4 
her mounted in said unit base, and connections between 
said rotatable member and the operating member where 
by rotation of said rotatable member results in longitu 
dinal shift of said operating member. 

2. A mandrel centering device comprising, a center 
post onto which a mandrel base ?ts, and three equidis 
tantly spaced positioning mechanisms disposed radially 
about said center post each engageable with the mandrel 
outwardly of said center post and adjustable in height to 
center the nose of the mandrel, means associated with 
each positioning mechanism and engageable with the 
mandrel to determine the mandrel location, and means 
for adjusting the height of each positioning mechanism 
while supporting a mandrel. 

3. Apparatus for centering a mandrel having a base 
with a central opening and three equally spaced apart 
openings outwardly of the central opening comprising, 
a machine base having an upstanding center post to en 
gage t’he central opening and center the mandrel base, 
and means for centering the nose of the mandrel com 
prising three positioning units disposed on the machine 
base about the center post and outwardly thereof and 
each engageable in one of said three openings, and means 
for adjusting the height of a positioning unit while a 
mandrel is supported thereon. 

4. A centering apparatus as de?ned in claim 2 in which 
each of said positioning units comprises a base supported 
on the machine base and a top member spaced from the 
unit base and a member positioned between the unit 
base and top member shiftable to vary the spacing be 
tween the unit base and top member to adjust the height 
of the top member, and said height adjusting means in 
cludes adjustment mechanism connected to said shiftable 
member. 

5. Apparatus for centering an object having a nose 
and a base with a central opening and three equally 
spaced apart openings outwardly of the central opening 
comprising, a machine element having an upstanding 
center post to engage the central opening and center the 
object base, and means for centering the nose of the ob 
ject comprising three positioning units disposed about the 
center post and outwardly thereof and each engageable 
in one of said three openings, means for adjusting the 
height of a positioning unit while an object is supported 
thereon and means for indicating the distance between 
the machine base and the object base. 

6. Apparatus for centering a mandrel having a base 
with a central opening and three equally spaced apart 
openings outwardly of the central opening comprising, 
a machine element having an upstanding center post to 
engage the central opening and center the mandrel base, 
mandrel nose positioning mechanism comprising three 
mandrel engaging units disposed about the center post 
and adjustable in height to properly locate the mandrel 
nose, each of said units comprising a base, a top plate 
spaced from the unit base and carrying a ball engageable 
in one of three said openings, an inclined operating mem 
ber disposed between the unit base and the top plate, 
a pair of ball-bearing cages positioned one on either side 
of said operating member to permit shifting of said op 
erating member relative to the unit base and top plate, 
and means for shifting said operating member to vary the 
height of said top plate. 
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