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(71) We, W E S T I N G H O U S E ELEC-
T R I C C O R P O R A T I O N of Westinghouse 
Building, Gateway Center, Pittsburgh, Penn-
sylvania, United States of America, a cor-

5 poration organised and existing under the 
laws of the State of Pennsylvania, United 
States of America, do hereby declare the in-
vention for which we pray that a patent may 
be granted to us, and the method by which 

10 it is to be performed, to be particularly 
described in and by the following 
statement: — 

This invention relates to grinding apparatus 
and particularly to centerless grinding appara-

15 tus having feed mechanisms for introducing 
members to the grinder. 

The core of a nuclear reactor generally 
comprises an array or arrays of fuel assemblies 
which contain fuel elements. The fuel element 

2 0 is generally a cylindrical metallic sheath sealed 
at both ends containing nuclear fuel. T h e 
nuclear fuel which may be, for example, cera-
mic fuel pellets of a uranium compound, is 
stacked within the metallic sheath. During 

2 5 reactor operation, the nuclear fuel pellets fis-
sion releasing fission products such as fission 
gas while generating heat in a manner well 
known in the art. 

There are many known methods for manu-
3 0 facturing the nuclear fuel pellets used in 

nuclear reactors. Most of these methods gen-
erally consists of cold pressing a powder which 
may be an oxide of fissionable material such 
as uranium dioxide to form dense compacts. 

3 5 These dense compacts are generally referred 
to as green pellets. The green pellets are 
then sintered in a non-oxidizing atmosphere 
to produce a sintered pellet which may have 
slight irregularities on its surface. The sin-

4 0 tered pellet may then be ground to remove 
those irregularities thereby forming a right 
cylindrical pellet. This finished pellet is then 
stacked within the metallic sheath to form 
the fuel element that may be used in a 

45 nuclear reactor. 
A commonly known method for producing 

the nuclear fuel pellets is described in U . S . 
Patent No. 2,991,601 to J. Glatter et al, 

issued July 11, 1961. In this process, hydrogen 
reduction of uranium trioxide is employed 50 
to produce uranium dioxide powder. As re-
ceived from commercial manufacturers, this 
uranium dioxide is not free flowing and is, 
therefore, not adaptable for use in automatic 
machinery for the production of the green 55 
pellets. In order to produce a free flowing 
powder, the uranium dioxide powder is mixed 
with a suitable binder such as aluminum 
stearate and water to form a wet granulate. 
T h e wet granulate is then forced through 6 0 
a screen and dried, after which it is dry-
screened thereby separating the larger par-
ticles from the smaller particles. The water 
may be substantially removed in the later 
sintering process while the aluminum stearate 55 
will remain and act as a lubricant in the 
compacting process. Once the uranium di-
oxide powder has thus been converted into 
a free flowing granulate, the granulate is then 
compacted into green pellets in a cold press- 7 0 
ing operation. T h e compacting process com-
prises flowing the granulate into a die and 
cold pressing the granulate in the die into 
substantially cylindrical green pellets. T h e 
green pellets may then be heat treated, sintered 75 
and ground to form the finished pellet for 
use in nuclear fuel elements. 

During the sintering step in the manufac-
ture of the nuclear fuel pellet, the pellet may 
shrink nonuniformly into a shape resembling 80 
an hour glass. A grinding process is then 
used to restore the cylindrical shape of the 
pellet. One known method of grinding fuel 
pellets comprises collecting the pellets in a 
vibratory bowl type pellet feeder, vibrating 85 
the pellets down a trough to the entrance of 
a centerless grinder where the pellets are 
ground to a proper shape. There are several 
problems associated with this concept. For 
example, the rate of vibration of the bowl 90 
type feeder changes with the changing pellet 
mass in the bowl thereby changing the feed 
rate. In addition, vibratory feeding results 
in sporadic pellet flow through the grinding 
apparatus resulting in various numbers of 95 
pellets in the grinder at any one time. The 
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differing number of pellets present in the 
grinder causcs uneven grinding pressure to 
be exerted on the pellets which results in 
nonuniformity of the pellets. 

5 It is, therefore, the principal object of the 
present invention to provide a pellet feeder 
which separates the pellet stream and feeds 
pellets one at a time with each pellet having 
the same timing and velocity as it enters 

10 the grinding wheel. 
With this object in view the invention re-

sides in a centerless grinder for grinding 
members to a uniform dimension comprising 
a housing, a grinding wheel mounted on said 

15 housing for grinding said members, a regu-
lator wheel mounted on said housing in op-
position to said grinding wheel such that an 
axis of rotation of said regulator wheel is 
not parallel to the axis of rotation of said 

2 0 grinding wheel for advancing said members 
therebetween, a mounting blade arranged be-
tween said grinding wheel and said regulator 
wheel for supporting said members as said 
members are ground, a feed mechanism for 

2 5 delivering said members to said mounting 
blade, and escapement means are disposed 
between said feed mechanism and said mount-
ing blade for delivering said members to said 
mounting blade at a uniform rate, wherein 

3 0 said escapement means comprises an axle, 
a feed wheel having radial extensions about 
its periphery and camming side surfaces and 
said feed wheel being mounted on said axle 
for advancing said members to said mounting 

3 5 blade, and an escapement mechanism pivotally 
mounted around said axle and having a pin 
mounted therein for following said camming 
surfaces, said escapement mechanism divert-
ing said members from said feed mechanism 

40 to near said feed wheel where said radial 
extensions contact an end of said members 
and advance said members to said mounting 
blade at a uniform rate. 

The invention will become more readily 
45 apparent from the following description of 

a preferred embodiment thereof shown, by 
way of example only, in the accompanying 
drawings, wherein: 

Figure 1 is a view in elevation of the 
50 grinder; 

Figure 2 is a plan view of the grinder; 
Figure 3 is a view along line I I I—III of 

Figure 1; 
Figure 4 is a view in perspective of the 

55 feed wheel; 
Figure 5 is an end view of the grinding 

apparatus; 
Figure 6 is a side view of the grinding 

apparatus; and, 
60 Figure 7 is a view along line V I I — V I I 

of Figure 1. 
Referring to Figures 1 and 2, a centerless 

grinder referred to generally as 10 has a hous-
ing 12 for supporting the grinding and re-

65 lated apparatus. A feed chute 14 is arranged 

to deliver members such as nuclear fuel pel-
lets 16 that have been sintered to centerless 
grinder 10. Feed chute 14 transports pellets 
16 to a first conveyor 18 which transports 
pellets 16 to near an entrance chute 20. When 70 
pellets 16 are near entrance chute 20, an 
escapement mechanism 2 2 diverts a single 
pellet from the pellet stream on first con-
veyor 18 and transfers the pellet to entrance 
chute 20. A feed wheel 24 associated with 75 
escapement mechanism 2 2 and having radial 
extensions around its periphery which may 
be wires 26 rotates about its attachment so 
that the end of a wire 26 contacts the end 
of the pellet that has been diverted by es- 8 0 
capement mechanism 22 and pushes the pel-
let through entrance chute 20. Entrance chute 
20 terminates near the entrance to grinding 
apparatus 28. Feed wheel 24 continues to 
advance the pellet through grinding appara- 85 
tus 28 where the pellet is ground to the 
proper size. As the pellet exits grinding ap-
paratus 28 an inspection mechanism 30 deter-
mines whether or not the pellet is conforming 
to predetermined dimensional limits. The con- 9 0 
forming pellets are transported through a first 
exit chute 32 by a second conveyor 34 to 
the next process station for the pellet. On the 
other hand, the nonconforming pellets are 
diverted into a second exit chute 36 by divert- 95 
ing mechanism 38 where they are carried by 
second conveyor 34 to a scrap hopper (not 
shown). 

Referring now to Figures 1 through 4, con-
veyor 18 which may be chosen from those 100 
well known in the art may be driven by first 
motor 40 while a similar second motor 42 
mounted on housing 12 may be arranged to 
drive escapement mechanism 22 and feed 
wheel 24. Second motor 42 may be connected 105 
to axle 44 by means of a belt 46. Feed wheel 
24 is mounted on axle 44 above entrance 
chute 20 so that when belt 46 rotates axle 
44 under the action of second motor 42 feed 
wheel 24 will rotate causing wires 26 to con- 110 
tact an end of a pellet 16 in entrance chute 
20 and push the pellet through entrance chute 
20. Wires 26 may be mounted on feed wheel 
24 by means of bolts 48. Escapement mech-
anism 22 is mounted around axle 44 and in 115 
alignment with first conveyor 18 such that 
escapement mechanism 22 does not rotate 
with axle 44. Feed wheel 24 has a camming 
surface 50 which may be divided into several 
individual surfaces corresponding to the num- 120 
ber of radial extensions such as wires 26 as 
shown in Figure 4. Escapement mechanism 
22 has a pin 52 mounted thereon in a position 
to correspond to camming surfaces 50 such 
that as feed wheel 24 rotates on axle 44, 125 
pin 52 will follow a camming surface 50 
causing escapement mechanism 22 to be 
pivoted about axle 44 and out of the plane 
of first conveyor 18. Pin 52 will continue to 
follow camming surface 50 thereby gradually 130 
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pivoting escapement mechanism 22 until it 
reaches the end of a camming surface such 
as a step 54. When pin 52 encounters a step 
54, pin 52 is forced down to a position such 

5 as position 56 by biasing mechanism 58 
mounted on housing 12 which may be a spring 
chosen from those well known in the art. From 
position 56, pin 52 once again follows the 
next camming surface 50. The action of bias-

10 ing mechanism 58 and pin 52 causes first end 
60 of escapement mechanism 22 to contact 
a pellet on first conveyor 18 which causes 
the pellet to be diverted from first conveyor 
18 to entrance chute 20. The placement of 

15 wires 26 on feed wheel 24 is such that wires 
26 correspond to steps 54 so that when a 
pellet is diverted into entrance chute 2 0 a 
wire 26 is arranged to contact the end of 
the pellet and push it through entrance chute 

2 0 20 and through grinding apparatus 28 thereby 
assuring that a uniform grinding pressure is 
applied to all pellets. A uniform grinding 
pressure results in uniform pellet diameters. 

Referring now to Figures 1, 2, 5 and 6, 
2 5 a grinding apparatus 28 comprises a grind-

ing wheel 62, a regulator wheel 64 a mount-
ing blade 66 and a guide member 68. Grind-
ing wheel 62 which may be chosen from those 
well known in the art is disposed on a first 

3 0 shaft 70 which is mounted in a motor for 
rotating grinding wheel 62 in a direction as 
indicated in Figure 5 while regulator wheel 
64 is mounted on a second shaft 72 which 
is also mounted in a motor for rotating regu-

3 5 lator wheel 64 in a direction as indicated 
in Figure 5. Regulator wheel 64 is inclined 
from the vertical by approximately two de-
grees as shown in Figure 6 so that a pellet 
that has been introduced into grinding appara-

4 0 tus 28 by feed wheel 2 4 will continue there-
through under the action of regulator wheel 
64. The pellet in grinding apparatus 28 rests 
on a sharp mounting blade 66 so that the 
pellet will be held in place for grinding along 

45 a narrow line defined by the blade edge. In 
addition, a guide member 68 is disposed 
above the pellet and mounting blade 66 to 
prevent the pellet from being ejected from 
the grinding apparatus 28. T h e action of 

5 0 grinding wheel 62 along with regulator wheel 
64 and mounting blade 66 causes the pellet 
to be ground to a uniform diameter thus eli-
minating irregularities on its surface such as 
the hourglass configuration that may have 

55 been present due to the sintering process. In 
addition, lubricant applicator 7 4 serves to 
provide a lubricant such as silicone to lubri-
cate grinding apparatus 28. 

Referring now to Figures 1, 2 and 7, as 
60 the ground pellet exits grinding apparatus 

28 it encounters an inspection mechanism 30 
which may be an air gauge chosen from 
those well known in the art. As the pellet 
passes beneath the air orifice of the air gauge, 

65 the air gap between the orifice and the pellet 

produces a back pressure in the air gauge. 
A change in diameter of the pellets results 
in a change in back pressure in the gauge 
which is translated into a diameter reading. 
Thus, by monitoring the back pressure, the 70 
diameter of the pellet can be determined. 
The pellet then proceeds on to second con-
veyor 34 in first exit chute 32. Should inspec-
tion mechanism 30 determine the pellet to be 
nonconforming, diverting mechanism 38 is 75 
activated. Diverting mechanism 38 may com-
prise a plate 76, pivotally mounted on housing 
12 along with pneumatic piston 78. When 
diverting mechanism 38 is activated, pneu-
matic piston 78 is extended which causes 80 
plate 76 to be pivoted into first exit chute 
32 indicated by position 80 in Figure 7. T h e 
pellet moving on second conveyor 34 in first 
exit chute 32 contacts plate 76 and is diverted 
into second exit chute 36. The nonconform- §5 
ing pellet in second exit chute 36 proceeds 
on second conveyor 34 which extends under 
both exit chutes 32 and 36 to exit port 82 
where the pellet may fall into a scrap hopper 
(not shown). On the other hand, when a con- 90 
forming pellet enters first exit chute 32, 
diverting mechanism 38 is not activated and 
plate 76 remains in a position indicated by 
84 in Figure 7, thus not contacting the pellet 
in first exit chute 32. The pellet in first exit 95 
chute 32 then proceeds on second conveyor 
34 to the next work station which may be 
a station for loading the fuel pellets into a 
nuclear fuel rod for use in a nuclear reactor. 
Also, a drying hood 86 may be disposed over 100 
second conveyor 34 for removing moisture 
from the ground pellets. 

O P E R A T I O N 
In operation, pellets 16 that may have come 

from a sintering process are transported by 105 
means of a feed chute 14 to first conveyor 
18 which transports the pellets to near en-
trance chute 20. With a pellet near entrance 
chute 20, pin 52 of escapement mechanism 
22 reaches a step 54 which causes first end 110 
6 0 to divert a pellet into entrance chute 20. 
A wire 26 of feed wheel 24 then contacts 
the pellet in entrance chute 20 and pushes 
the pellet through entrance chute 20 and 
into grinding apparatus 28. Grinding appara- 115 
tus 28 causes the pellet to be ground to a 
uniform diameter and causes the pellet to be 
advanced to inspection mechanism 30 where 
the diameter of the pellet may be measured. 
Conforming pellets proceed on second con- 120 
veyor 34 through first exit chute 32 to the 
next work station while nonconforming pel-
lets are diverted by diverting mechanism 38 
into second exit chute 36 where the pellet 
proceeds to a scrap hopper. In addition, dry- 125 
ing hood 86 may be used to remove moisture 
from the pellets on second conveyor 34. Thus, 
the invention provides a centerless grinder 
having an escapement mechanism for feeding 
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members into the grinder at a uniform rate 
along with an inspection device for determin-
ing dimensional characteristics of the pellet. 

W H A T WE CLAIM IS: — 
5 1. A ccnterlcss grinder for grinding mem-

bers to a uniform dimension comprising a 
housing, a grinding wheel mounted on said 
housing for grinding said members, a regu-
lator wheel mounted on said housing in op-

10 position to said grinding wheel such that an 
axis of rotation of said regulator wheel is 
not parallel to the axis of rotation of said 
grinding wheel for advancing said members 
therebetween, a mounting blade arranged be-

15 tween said grinding wheel and said regulator 
wheel for supporting said members as said 
members are ground, a feed mechanism for 
delivering said members to said mounting 
blade, and escapement means are disposed 

20 between said feed mechanism and said mount-
ing blade for delivering said members to said 
mounting blade at a uniform rate, wherein 
said escapement means comprises an axle, 
a feed wheel having radial extensions about its 

25 periphery and camming side surfaces and said 
feed wheel being mounted on said axle for 
advancing said members to said mounting 
blade, and an escapement mechanism pivot-
ally mounted around said axle and having 

30 a pin mounted therein for following said 
camming surfaces, said escapement mech-
anism diverting said members from said feed 
mechanism to near said feed wheel where 

said radial extensions contact an end of said 
members and advance said members to said 35 
mounting blade at a uniform rate. 

2. A grinder according to claim 1, wherein 
an inspection mechanism is associated with 
said grinder and a diverting means is dis-
posed on said housing near said inspection 4 0 
mechanism for diverting said members to a 
scrap hopper when said inspection mechanism 
indicates that said members are nonconform-
ing and for allowing said members to pass 
through when said inspection mechanism in- 45 
dicates that said members are conforming. 

3. A grinder according to claim 2 wherein 
said diverting means comprises a second con-
veyor mounted on said housing near said 
mounting blade for transporting said mem- 5 0 
bers, a plate pivotally attached to said hous-
ing and over said second conveyor for being 
pivoted over said second conveyor thereby 
diverting said members contacting said plate, 
and a piston-cylinder mechanism attached to 55 
said plate for selectively pivoting said plate 
about its attachment. 

4. A grinder according to claim 2 or 3, 
wherein said inspection mechanism comprises 
an air gauge mounted on said housing for 60 
determining the diameter of said members. 

5. A centerless grinder substantially as 
hereinbefore described with reference to, and 
as shown in, the accompanying drawings. 

R O N A L D V A N BERLYN. 
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