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BEARINGS FOR THE HFIR CONTROL PLATES 

A. A. Abbatiello 

ABSTRACT 

Recent accelerated wear of HFIR bearings seems to be 
a more advanced stage of the situation encountered in 1967. 
The latest observations are in agreement with the hypothe-
sis that high-frequency impact loads at a 30° angle on these 
bearings are the apparent basic cause of their short life. 

In view of the limited possibilities for change at this 
stage of HFIR operation, the region of best payoff seems to 
be an increase in the load-carrying area at some acceptable 
sacrifice of low rolling friction. On this basis three types 
of bearings are proposed for test—two of these are journal 
types and one is a slider type. 

The next planned shutdown for major parts replacement 
provides an opportunity to test these modified bearing types 
in the HFIR under full mechanical operating conditions but 
without nuclear operation. The program is recommended for 
consideration and adoption. 

INTRODUCTION 

At the request of R. V. McCord, the writer visited th-2 HFIR to discuss 
excessive bearing wear which has recently been observed. This problem can 
be considered an extension of the same conditions which were studied in 
great detail by a number of ORNL people and reported in 1969.1 These new 
abnormalities show up as wear in hexagonal patterns along the rims of the 
outer races (see Fig. 1). In other respects the bearing wear is very 
similar to that found in the previous investigation; i.e., indentations 
of the raceways and indented impressions on the side was'hers and the tire 
with general looseness of the bearing to an extent that occasionally the 
balls fall out of the races.2 

The purpose of investigating this problem at this time is that the 
following questions need to be answered: 

1. Is there some new factor which is causing the bearing to 
wear faster than heretofore? It should be recalled that 
although bearings wear out rapidly the accepted practice 
is to run them for four fuel cycles and replace the plates. 
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Fig.1. Photograph of Hex Wear on Sides of Bearing 
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At the last few changeouts more looseness was noted than 
usual and, in addition, the hex wear pattern appeared. 

2. What can be done about correcting this or eliminating 
the problem at the source? In view of the forthcoming 
long shutdown for replacement of major parts (about June 3, 
1975), more extensive changes might be considered than 
would otherwise be the case. 

3. Are there any tests, equipment to be built, etc., that 
should be done before or during the immediate shutdown? 

The above listed factors make this a timely study. The conditions 
which existed in 1967-68 have been reviewed; and in the light of the latest 
developments, a more effective solution can result. 

RECOMMENDATIONS 

It is proposed to make sets of four each of the journal and slider 
bearings, install ther.; in the HFIR (using a dummy fuel element), and obtain 
full-flow performance data for direct comparison with the type bearings 
presently used. Examination after removal should show the preferred type. 

OBSERVATIONS TO DATE 

1. It has recently been noted that when some control plates were 
removed at the end of three cycles the bearings had been as 
worn in appearance as had previously been noted in four cycles. 

2. A new type of wear appearing as a hexagonal flat on the outer 
edges of the tire at several points has been noted (see Fig. 1) 
but does not extend even./ around the entire circumference. 

3. The sides of the thrust washer and the inner side of the tires 
are "puckering out" where the balls indent them; however, this 
deformation is not uniform around the periphery. It is most 
pronounced at one side with diminishing indentations at either 
side. It appears that the hex pattern is usually on the side 
diagonally opposite the tire indentations, implying the exist-
ence of a turning couple. 



Flats have been observed on Che outer races of some of the 
removed bearings, as shown in Fig. 2. It is suggested that 
when the indentations prevented the bearings from turning 
this produced the flats. The interesting ?hing is that the 
worn spots are quite flat and as highly polished as the rest 
of the bearing. Thero is no evidence of roughness or galling. 
The corresponding area of the track is to be examined. Scram 
times taken when these control plates were in service and 
before they were removed show there is no significant increase 
in drag or time-of-flight. 
For the first time a crack has been found across a part of 
the lower track assembly. As reported by E. E. Bloom,3 this 
fracture was initiated at the root of a weld and propagated 
by fatigue until the part f*"«ictured. Although the intermit-
tent weld which failed has since been changed to a continuous 
weld, the fact that such a failure did occur is taken as 
evidence that high fatigue conditions (the vibratory load) 
do indeed exist. 

REVIEW OF CONDITIONS BASED ON 1967-68 
AND MORE RECENT OBSERVATIONS 

The basic problem is the same as it was six years ago; i.e., 
a high-impact load vibrating at a high freouency, applied at 
a 30° to the normal angle, and impacting at the same position 
for long periods. (The control plate moves only 8 in. in 
23 days. Although total travel is 27 in., there are periods 
when the movement per day is almost zero.) 
The increased damage recently noted is not a new problem but 
only the manifestation of more advanced stages of the same 
basic cause. This damage occurs according to the following 
sequence: 
a. The balls indent the races due to the severe angular 

impacts in the same areas over long periods; 
b. The washers and the sides of the tires (whose real 

purpose is to prevent the loss of bearings after 
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THESE SMOOTH FLATS ARE INDICATIVE OF: 

1. NON-GALLING PROPERTIES OF HAYNES 2 5 STELLITE. 
2 . BEARINGS HAD APPARENTLY NOT BEEN TURNING. 
3 . PLATES HAD BEEN IN SERVICE FOR 4 CYCLES, AND NO INCREASE 

IN SCRAM TIME HAD BEEN REPORTED. 

NOTE 2 FLATS ABOUT 3 / 8 LONG, 0 . 3 WIDE WHICH HAD A SMOOTH FINISH, 
COMPARABLE TO THE RIM OF THE TIRE. 

BEARING WAS EXAMINED VISUALLY (WITH TONGS, AS I READ ABOUT 
2 R/hr) AT HFIR POOL 3 - 1 8 - 7 5 BY K.H POTEET AND A. M3BATIELL0, 
ON 3 - 1 9 - 7 5 BY A . P . FRAAS AND R. V . McCORD. 

Fig. 2. Flats Noted on Bearing Removed from Ste 9 Plate 
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they have become worn) become indented, permitting 
further axial bearing displacement, 

c. When the outer race displaces far enough, it contacts 
the track, which wears the hex flat because the bear-
ing is neither able to turn (because of the indented 
spots) nor is it required to turn for long periods. 
There is also some indication that the turning moment 
between the center-of-load application oil the lug and 
the center of the bearing is causing the outer race 
to rotate about its transverse axis and accounts for 
the hex wear pattern appearing on the side diametrically 
opposite the ball indentations on the inside of the 
tire side. 

3. The poor lubricity of deionized water, when compared to that of 
lubricating oil as normally associated with bearing applications, 
adds to the difficult conditions for these ball bearings, and 
leads to short operating life. 

4. Low rolling friction is not the important factor that it was 
thought to be when this reactor was designed. It is felt that 
although system inertia must be overcome to achieve acceptable 
scram time it now appears the high-frequency vibration permits 
the bearing to ride off the load point so rapidly (156 Hz) 
that low friction is not necessary. This point has been demon-
strated many times by the insignificant increases in scram time 
on control plates in which the bearings were lost, inoperative, 
etc. There have been cases (in the 1968 work) in which the 
lugs were completely gone1**^5 and in no reported case, to our 
knowledge, was there an excessive scram time recorded. Yet, 
contact sliding on some surfaces must have occurred; how else 
could the plate have scrammed? There have been reported cases 
in which the plates physically locked due to obstructions or 
jamming, but these were purely mechanical problems and were 
not due to frictional causes. In the cases of worn or sliding 
bearings which have occurred, these bearings have not been the 
cause of a shutdown. Usually the plates are operated through 
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Che planned four cycles and removed. It. is only on subsequent 
examination that bearings are found to be worn or nonsliding. 
To repeat, high sliding friction has never been shown to be a 
direct cause for plate removal or interruption of the normal, 
planned operation of the HFIR. 

5. Because of the extensive work being done on the lug and bearing 
problems in 1967-68 by A. P. Fraas, the writer asked him to come 
to the HFIR on March 20 particularly tc look at some of the bear-
ings which had been removed from plate No. 9. These bearings 
had developed flats, as shown on Fig. 2. R. V. McCord and Fraas 
also discussed changes in conditions that might have contributed 
to the greater wear noted in the last seven years. The proba-
bility of hardening or cold working of the aluminum plates is a 
point Fraas '.nade. After all, the basic strain gage data was 
taken eight yeats ago and the same plates have had bearings 
replaced and nut back into use a number of times; therefore, 
it is plausible that some hardening has taken place. If the 
assumption is made that we have been operating in a borderline 
region, then we realize that a slight hardening could put the 
plates into a more vulnerable state. 
The method Fraas suggested for checking this might be to read 
the frequency and response for the two cases. It must be done 
underwater because of plate radioactivity. He suggested using 
a frequency generator to excite the plate and reading the reso-
nance values from a pick-up attached to it. If the original 
hydraulic plate to which tha strain gages had been attached 
can be located, it would be the plate representative of the 
1967 conditions; and by comparing those values with those 
from one of the recently removed plates, the differences could 
be established. 
In the light of new factors over the past years, Fraas agrees 
that the low bearing friction may not be the important factor 
it was once considered. Accordingly, a journal or slider 
bearing assumes a higher likelihood of success. 



DISCUSSION 

A HFIR Bearing Load Analogy 

It is difficult to visualize tine forces on the HFIR control—plate 
bearings. The recent bearing wear of the hexagonal form has initiated a 
re-examination of these forces. To clarify some of these questions an 
analogy will be made to show in one easily understood mechanism the com-
posite result of factors brought out in past studies, with more confir-
mation in recent observations. Recognizing these problems should help 
to arrive at practical solutions. 

Suppose we replace the bearing ball at the point of loading with a 
punch having a rounded nose equal to the ball dimensions, hardness, etc. 
(see Fig. 3). Then we can apply loads similar to those that exist in the 
reactor. It should be kept in mind that these conditions which will be 
set up are not imaginary notions; each factor used has been determined 
from mechanical or graphic force analyses, strain gage readings in the 
actual reactor, or other tests performed during the investigation reported.7 

Consequently, these values are the most realistic available and represent 
the combined efforts of many people. 

The analogous conditions that will be set up are as follows: 
1. The ball bearing in the race is 3/16-in.-diam; thus a punch 

with a 3/32 radius would simulate it accurately. 
2. This punch is vibrated at about 156 Hz, the frequency that 

was found to exist from the strain gage tests (see Fig. 4). 
3. The load applied to the punch is from 0 to 40 lbs up to a 

maximum of 260 lbs but, as shown on Fig. 4, the load impacts 
are predominantly of about 125 lbs. 

4. The load direction must be tilted so that it is applied at 
about 30° to the normal where it impacts the bearing race. 
This load direction can be seen by studying the force-distri-
bution diagram shown in Fig. 5. It will be noted that all 
hydraulic forces on the plate are radial. The algebraic sum 
can be shown as a single load in a straight radial direction 
through the center of the plate. This load is further divided 
into two components, one at each end of the plate, with each 
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TYPICAL BRG INSTALLATION 
SHOWING FORCE A P P U E D IS 
AT 3 0 ° TO NORMAL 

NOTE TnlS IS PRACTICALLY 
POINT CONTACT FOR LOAD 
APPLICATION-

'S. NORMAL TO BRG <t — 

BEARING ANALOGY 

0 LOAD APPLIED THRU A SINGLE 3 / 1 6 B A L L 

( f ) LOAD APPLIED AT 3 0 ° ANGLE 

( 3 ) VIBRATION FREQUEnCV IS 1 5 6 Hz 

( 4 ) LOAD VARIES FROM 0 TO 1 1 0 — 2 6 0 lb 
( 1 2 5 PREDOMINATES) 

SAME LOAD WHICH 3 / 1 6 DIAM BALL 
APPLIES TO INNER RACE IS TAKEN 
THRU OUTER RACE TO TRACK, AND 
THE RACE SURVIVES. BUT IN THIS 
CASE WE HAVE LARGER DIAM ( 1 . 1 8 1 i n . ) 
AND TIRE WIDTH ( 0 . 3 0 7 i n . ) THEREBY 
RESULTING IN LINE RATHER THAN 
POINT CONTACT. 

LOADING AREA IS 
ABOUT 1 0 0 T IMES 
GREATER THAN FOR 
THE BALL POINT CASE, ABOVE 

Fig. 3. A Bearing Analogy Using a Vibrating Punch 
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v: 0.01 sec TIME LINES 

1 x 100 = ~ 156 Hz 

APPROXIMATELY ZERO 

CALIBRATION 100lb = 1.9 in. 

Fig. 4. Typical Oscillogram Showing High Frequency and Impact Loads 
on Bearings 
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THEREFORE BEARINGS ARE REQUIRED 
TO TAKE A 32° ANGULAR LOAD 

Fig. 5. Direction of Forces Acting on Bearing 
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end again dividing the load into two halves at each bearing 
lug. Thus, all the plate loads are transferred to the lugs, 
but the important point is that the loads seen by the lugs 
are not radial. Since the center force is a radial line, 
the components taken on the lugs must be considered as two 
parallel lines each applied at one of the lugs. The net 
result is that the loads through the bearings are actually 
30° to the normal. This is an added difficulty to that of 
the impacting and vibrating forces. 

5. These bearings are used for free rolling only a tiny fraction 
of their life. They normally operate in the same position 
for long periods. Only under scram conditions are they ex-
pected to roll. Consequently, the opportunity for indenting 
or brinelling is abnormally high and considered to be the 
controlling factor. 

Experience has shown that these bearings can be used for about four 
fuel-cycle element changeouts before they must be replaced. This life on 
a time scale is roughly 100 days between changes or, in round numbers, 
about 2400 hours of bearing operation. When these bearings are removed, 
they are usually quite loose. In fact, in some cases the balls have fallen 
out of the races. 

It is a small wonder '.hat the bearings are badly worn considering the 
analogy set up with the above conditions. Visualize the trip hammer treat-
ment that the balls undergo, during which they receive over a half million 
impacts each hour or about 13,000,000 impacts per 24-hour day. The fact that 
they last as long as they do is a credit to the materials used. 

Design Considerations 

In studying how to improve the conditions under which these bearings 
operate, we must consider which factors could be changed and which are 
fixed and are beyond our control. The frequency of vibration and bearing 
loads are set by the hydraulic-flow conditions, which cannot be changed. 
The angular contact loading is also the result of track desr.gn geometry 
and does not lend itself to convenient change because of the high cost and 
long time of rebuilding and changing the tracks. 
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The remaining factors that might be changed are the materials used, 
bearing design, and load-bearing areas. On materials, those in present 
use are the result of many years of experience and have reached a high 
level of proficiency. Other bearing designs can be considered to take 
advantage of certain water properties, such as hydraulic cushioning or 
hydrodynamic lift under rapid travel conditions. An increase in bearing 
area seems to be one of the most fruitful areas. A test program will be 
outlined by which we can evaluate specific designs in the reactor at full-
flow load conditions but without nuclear operation. 

Evident Weak Areas 

An examination of the analogous loads suggested above indicates the 
small area of contact in the ball bearing is the weak point. This is 
further aggravated by the poor lubricity of deionized water, which has a 
low viscosity, and the practically stationary operation over long periods 
From visual observations of worn bearings in the hot cell, it appears the 
initial point of damage is the indentation, or brinelling of the races, 
followed by a secondary stage on the sides of the washer, and the inside 
edges of the tire. The last form the deterioration has taken is the loose-
ness combined with deep detents, which prevent rotation and contribute to 
the hex wear pattern noted on a few of the bearings removed. 

Although there are thirteen balls in the raceway, it is known that 
any load is applied through a single ball until it deflects the materials 
in contact sufficiently to let some of the adjacent balls accept part of 
the load. In normal bearings, the oil lubricant also assists this function 
but, of course, this bearing is not in a normal application. Based on baii-
bearing-point contact, the load carrying area is sstimated to be from O.OCOi. 
to 0.0003 in.2, which creates extremely high stresses, particularly when 
a load is applied at the 30° ingle. This condition can break down the rims 
of the inner and outer races, which appear to be the point of initial attacic. 

The differences in point loading and area loading can be shown by 
comparing the point contact loaded areas on the ball races with the surfaces 
at the outer diameter where contact is made with the track. Since these 
areas are transmitting the same load (they are in series), the lesser damage 
on the outer surface of the race is attributed to the lower loading per 
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unit area. This is because the 1.181-in. diameter improves the load 
carrying property (compared to the 0.187-diameter ball); and in addition, 
the line contact over the 0.3 in. width of the face further increases the 
area. The net result is a load-carrying ability of the outer surface of 
the race, perhaps 100 times greater than it is at the ball point of contact. 
The resulting lower stresses can contribute to longer bearing life. 

Consider the position the ball point load stress might occupy for a 
typical SN diagram for the materials in use, and the life increase will 
become apparent if the stress level can be reduced. Since the number of 
stress applications is on a log scale, a significant decrease in stress 
level would improve bearing life dramatically. 

Low Friction May Not Be the Most Essential Factor 

There are also documented indications that low friction is not the 
governing factor in this application. For example, when the lugs were 
breaking,^,^ the bearings were entirely absent. It is a safe assumption 
that sliding must have been taking place. Yet, whenever the reactor was 
scrammed at the routine test periods, there was not a single case of report-
ed scram time increase where the added friction could be considered a cause 
for premature reactor shutdown. Not until the ends of the scheduled operat-
ing cycles were the plates removed and broken lugs and lost bearings dis-
covered. This point is important, because it appears we can safely increase 
the friction load. Permissible friction drag is shown in Fig. 6. Friction 
drag of about 32 lbs could be added without exceeding the acceptable time— 
of-flight. 

CONCLUSIONS 

From all available data, it appears the most productive course may be 
the increase of bearing-load area at a permissible sacrifice of 3ow bearing 
friction. If the load-bearing area can be increased to a point where the 
stresses are reduced sufficiently to prevent the initial brinellir.£, such 
a bearing could then work adequately under the severe conditions. 

Ball bearings have proven to be inadequate for the high impact loading 
under these vibrating conditions and at a destructive 30° angle. At the 
same time, the low normal travel rate required improves the likelihood of 
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CONDITIONS: 
1 USE QUADRANT MOCKUP PLATE 
2. USE FRICTION TUBE WITH CALIBRATED BRAKE 
3. TRACKS PLUMB 

NO LATERAL LOADING APPLIED 
5. HAYNES 25 BEARING RIMS WITH 5° TAPER 
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success witi large area contact surfaces. As has been previously noted, 
there may be some advantage in using the damping properties of water by 
letting a film separate the two working surfaces. Lastly, the vibration 
imposed in this case has actually shown that bearing surfaces are lifted 
off the mating face hundreds of times per second (Fig. A). This is felt 
to be one of the ma; reasons why almost any type of bearing surfaca ---mid 
still meet the scram-time requirements. 

With the coming shutdown, there is an excellent opportunity to test 
under practical operating conditions several types of bearings that may 
take advantage of the factors enumerated. 

PROPOSALS FOR NEW BEARING DESIGNS AND A TEST PROGRAM 

Journal Bearing - Solid Outer Race and Split Inner Race 

In order to reduce the presently destructive high-point loading that 
exists on the ball bearings, it is proposed to test a journal bearing (also 
proposed in November 1970, [Ref. 8]). As shown in Fig. 7, such a design 
would lower the stress level to a value the system can tolerate. In addi-
tion, the hydraulic damping which water could contribute would provide a 
beneficial effect, considering the high-frequency loading that exists and 
its oscillation between zero and its maximum value. To do this within the 
confines of the present track geometry means we must provide more bearing 
area and the capability for taking the 30° thrust loading. 

Using the inner spMt races from a previous design, eliminating the 
balls, and making an outer race which combines the outer race tire geometry 
and the inner surface of the ball contour seems attractive (see Fig. 7). 
It would have the advantage of a very durable outer race, since it is much 
deeper, with a load carrying area hundreds of times greater than the origi-
nal ball bearing point contact. With some lubrication and damping provided 
by the water film, such a bearing might have a chance for long life. 

Journal Bearing - Sleeve Tvpe and Thrust Washers 

Another form of journal bearing that would be most easily fabricated 
would be the sleeve bearing. This type consists of an inner sleeve flanked 
by two thrust washers, one at either side, with the outer race between 
them (see Fig. 8). All elements would be mounted on a stud similar to the 
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r 0.043 +0.001 THICK 

OUTER RACE =1.181 OD 
x 0.650 ID 
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Fig. 8. Journal Bearing - Sleeve Type 
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present type and pinned to the lug. Assembly would be essentially the 
same as present practice, except that it is believed the press fit between 
the shaft stud and inner journal is not necessary. Thrust washers can be 
symmetrical and finished on both sides so they can be assembled in either 
direction. The outer race would retain the present contour as regards 
the 5° side taper. 

Materials of construction would be Haynes 25 Stellite for all parts 
where it can be used, to take advantage of the properties it has already 
demonstrated. 

A Slider Type Bearing 

The observations of bearings removed after normal service tend to 
confirm the feeling that a sliding block bearing concept would fill the 
service requirements and might prove to be the simplest and most durable 
solution. As has been said previously, it seems the friction is not the 
key factor, but rather the high impact loads on a small area. Accc rdingl^, 
the major effort must be toward larger load-bearing areas. There is less 
essential need for easy rolling, as would normally be visualized. This 
bearing is not * "normal" application, as should be apparent by now. 

Such a slider bearing, shown in Fig. 9, would consist of a square 
block with rounded corners essentially of the same overall dimensions as 
the present tire, including the slight taper at the edges of the tire. 
Observations of bearings which were in service for four fuel cycles and 
which have been removed show excellent smooth surfaces, even in cases 
where the bearing has obviously not been rotating for some time, as shown 
by the flats. (A specific bearing, which K. H. Foteet showed the writer 
on March 18, had flats fully 3/8-in. long in two areas over the full width 
of the tire [see Jig. 2].) It is apparent it must have been sliding and/cv 
vibrating for some time. Yet, there was no indication of any abnormality 
until it was removed at the end of its planned operating period. Further-
more, with these conditions existing, there was no indication of signifi-
cant increase in scram time (if there had been, those plates would have 
been removed as soon as that condition was first reported). The lack of 
galling on this bearing was most surprising and quite encouraging to the 
notion that we do not need ball bearings at all. Since the high-point 
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bLOCK SHOWN IN M A X T I L T 
POSIT ION IN T R A C K . 

Fig. 9. Slider Bearing 
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loading on the ball-to-race angular contact is the initiator of prime 
damage, its elimination may be the answer we are looking for. 

These slider bearings would be installed on the shafts in the same 
manner as the present ball bearings, with the exception that a slight 
looseness of the slider on the shaft is necessary (rather than the shrink 
fit of the race on the shaft that is the normal practice) to permit the 
blocks to adjust to the track surface. Recalling the high frequency 
existent in this bearing, the hydraulic dynamic forces would provide 
some lift to reduce metal-to-metal contact during fast travel conditions. 
With the observed excellent condition of the surfaces that have been 
subjected to such sliding in the reactor, it is proposed we continue to 
use Haynes 25 Stellite for this slider. Its operating factors at the 
slider-to-shaft bearing region would give better conditions than exist 
under the track-to-race, which seem to be adequate, based on observations 
of similar conditions. During the next shutdown, when the control plates 
are removed, it is intended to use the periscope to examine the track area? 
in the high load points at the bearing contacts. Any damaged areas, of 
course, would have to be repaired. 

Proposed Test Program 

In order to test any new bearings under realistic conditions, there 
is no substitute for running them in the reactor. Accordingly, the coming 
shutdown will provide an excellent opportunity to make such tests. In 
order to make direct comparisons between the present type of bearing and 
the proposed models, it would be necessary to run some of the old type 
bearings and their control plates to serve as base line values with which 
to evaluate. If we install one plate, fitted with bearings of the present 
type, it would become our "standard." Another plate would be fitted with 
a set of four journal-type bearings of the split inner-race type, and a 
third plate would be fitted with sleeve-type journal bearings. The fourth 
plate would be fitted with a set of four slider bearings. As suggested by 
Poteet, these could be installed in about one day. The reactor would be 
operated with a dummy fuel element so that all operating conditions, such 
as hydraulic flow, vibration, and impact loading would be similar to normal 
practice, except for nuclear operation. 
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On completion of this test, we would have data on scram time for all 
four bearing types. When the control plates are removed, the bearings 
would bp examined for indentation, scoring, etc., for a relative evaluation. 
The old type ball bearings can be expected to show some indentations, while 
the journal and slider bearings hopefully will remain intact. 

The models which look most attractive can then be further evaluated 
with longer tests. 

AN AFTERTHOUGHT 

If none of these bearing proposals prove acceptable, a previous method 
for setting up conditions for better bearing life is possible but much more 
costly. This arrangement was outlined previously but was ruled out because 
of the cost and time needed to fabricate new tracks. It consists of re-
machining the tracks to make the bearing roll in the direction of maximum 
load carrying ability; i.e., to eliminate the 30° thrust angle. The method 
for cutting the tracks is shown in Fig. 10. It is believed such angled 
tracks could be cut into one of the present new tracks (un-activated). 
It would also require the fabrication of complete new control plate lugs 
because the angles would have to be changed to carry the shafts at the new 
anglQ. 

This method is revived, not because it is likely to be used, but to 
demonstrate a vital need for this system and the lack of such capacity in 
the present ball bearings. The obvious alternate is to go to some type of 
journal or slider bearing, as has been described already. 
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Fig. 10. A Method 
Cutting 30° Raceways in 

to Eliminate Angular Load on the Bearings by 
the Tracks 
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