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FLEXIBLE ROLLERS AND FLEXIBLE ROLLZR-PATH FOR A 16-INCH,
3-GUN_TURRET

Initial Assumptions

Calculations have been made for the design of a gun
turret weighing 1,500 tons. Recoil forces were assumed to be
equal to 5,000 tons. The training gear was assumed to be capable
of absorbing a turret whip shock of 500 tons and of delivering
a driving force of 50 tons. As a part of the design it was
considered essential that the bearing should be protected from
oscillating forces ar any sliding motion of the turret when the
turret was not in use,

Calculations and Data

The hollow roller and flexible roller path are apparently
a new design., Calculations for the plans svbmitted are, however,
based on commercial roller bearing design practice and equations
taken from standard engineering handbooks.

Values for the strengbth of solid rollers are taken from
Precision Roller Bearing Company'!s catalopue and are in practical
agreement with values given by all reliable roller bearing
companies. The values used represent allowable loads for con-
tinuous low speed operation and since the turret is operated only
occasionally, and is subjected to the desiecned loads only very
rarely, the ficures should be very conservative.

Kent 's Handbook, page 1637, gives the safe load for a
solid roller by the equation

w=-x.d 4

where/ is the length, d is the diameter and k is egual to

1,000 for haerdened steel., It should be noted that values obtained
by this formula are about one-fourth those given in the catalogues
for slow motion but agree with those given for high speed motion.

Machinery's Handbook, page 343, gives the allowable
load on a ring of diameter d as

W= 2111/ dy

where I is the manent of inertia of the cross-section of the
ring and y is the greatest distance of any part of the ring from
the neutral axis, For a tube with wall thickness b,

I=b3/12 and y = b/2

the equation for the allowable load then becomes for a tube of
length ¢

w = 1.047.0b%s/a
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FLEXIBLE ROLLER AND FLEXIBLE
ROLLER PATH DESIGN FOR
TURRET GUN LOUNTS

Design for l6-inch, 3-gun Turret

Design 1. Sheet 1a

This design was prepared to check the
mechanical advantage and manufacturability of the
flexible roller, flexible roller path and cone worm
drive for the main battery of U.S.5., NORTH CARCLIGA,

Design 2. Sheet 1c

. A conservative design of flexible roller,
flexible roller path, with spur gear drive for the
main battery of U.S5.S. NORTH CAROLINA,






(1), deflections of ,001 inch would be expected for loads of
10.8 pounds, ard .592 pound. These values are within the creep
error in celluloid loading measurements. Measurements of the
solid disk were subject to a large error.

The expression 1—-p.2/nE is a constant for ay given
material, and for steel this constant is .965+107° when p is
assumed to be .3 and E is assumed to be 3.107.

Equation (1) may now be written for steel rollers as
S = .965:1078 F/Z (72,6 + 4 log 2/F) + 1.93.207% x FAL (2)

The first term in equation (2) represents deflection of a solid
roller, ard the second term that part of the deflection resulting
from the inner boundary or the hollow of the roller, Total
deflection is the sum of the two terms, but if the inner diameter
is small, the second term is negligible, while if the inner

. diameter is large, the first term becomes negligible,

The Metallurgy Division of the Laboratory has a 10,000
pound Morehouse proof ring, The width of the ring J is2 inches;
the out side diameter is 5.38 inches and the inside diameter is
4.56 inches. The value of K for equation (2), from Plate 1, is 800,
If we assume a uniform ring, the first term of (2) equals .00046
inch and the second term ,0154 inch for a total load of 2000 pounds,
The total deflection would be .0159, or 35 times the first term, -
which represents deflection for a solid roller. The loading
bosses stiff en the ring so that the measured deflection is ,0104.

Three steel loading rings in the photoelastic equipment
of the Laboratory are eight inches in diameter and approximately
two inches wide with wall thicknesses of .71, .4, and .22 inch,
These rings flatten .0l inch for loads of 2,500, 500 and 100
pounds respectively,

The values o K for the first two rings are 430 and
2433 respectively, The third ring is outside the range of
Nelson's table.

Deflections calculated for FAE = 1000 for two similar
but uniform rings would give for the first term .00046 as
before, and for the second terms, .0083 and .0470, Total
deflection for uniform rings would be .009 and .0475. These
deflections are egual respectively to 19 and 103 times the
deflection of solid disks carrying the same load.

Measured deflections of the two rings are .0075 and
.04 inches respectively. As with the Morehouse proof ring, the
loading bosses stiffen the rings so that the measured deflections
are less than those calculated, as would be expected.

The four cases of measured deflections discussed above
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bolts shown connecting 3 to 2 are used only for twe loose
sections of 3, which are normal to the gun girders, 180°
apart, and designed to permit the assembling and inspection
of rollers 6 and 7. The lower edge of 2 and the upper edge
of 5 are accurately ground and hardened to provide the upper
and lower paths for rollers 6, which carry the gravity load
and part of the vertical recoil shock forces of the turret.
The race for roller 7 is machined and ground partly out of 5
and partly out of 3. Slots for the holding down key 8 are
machined half in 3 and half in 5, 8 is assembled through two
movable sections similar to those for rollers 6 and 7. The
key 8 is of high strength brass made up as short arcs of a
circle. The sliding contacts 1 to 5, 3 to 5, and 3 and 5 to
B8, are assumed to have clearances of .0l., Rollers 6 and 7
are assumed to be hollow and with wall thicknesses equal to
one~tenth of their diameter. When subjected to recoil forces,
rings 6 and 7 collapse the amount of the clearance and the
major part of the shock is taken direct between 3, 5 and 8,
At the front of the turret, recoil would drive 1 against 5 to
absorb the front share of the recoil.

The pan plate 4 is welded to 3, level with the
horigontal roller 7. The shortness of the span, less than 6
inches, from the lower inner corner of roller 7 to the upper
outer corner of roller 6, would make this a very rigid construc—
tion. The gun girders bridge over from 1 to 4 and stiffen the
structure at the points of greatest stress. The weight carried
by the pan plate makes the position of 1 outside of roller 6
a better balance for loading 6 than could be obtained by placing
1 above 2.

Ring 5 which has the lower roller path as its upper
edge is of rolled steel 3 by 24 inches in cross-—section. This
is the one part of the assembly which is made heavier than the
corresponding part of the present assembly. The three inch
thickness is carried down low enough to offer solid reliable
support for the bases of the training worm drives shown in sheet
2, or as a foundation for the training rack as shown in sheet lc.

The stool carried accurately ground surfaces for both
roller paths and an accurately machined groove for key 8, The
ring collar 10 is welded to 5 and is accurately machined on the
upper surface as a base seat for block 9.

Block 9 is of brass and is approximately 1.5 x 2 inches
in section, and is machined in arcs of a circle about 2 feet
long. It is not quite rectangular in section, but is slightly
wider on the inner side so that when it is in position it forms
. a secure lock between 3, 5 and 10.

Assembly of the Roller Path

The routine of assembling the roller path ring would be
as follows: The horizontal -path for 6 on 5 would be ground plane
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Representatives of both companies cited examples of
bearings which showed "fretting abrasion®" after railroad ship-
ments with very light load on the bearing. It is possible
that because of sad experiences with bearings ruined by
fretting abrasion these representatives have labeled as "abrasion®
marks on bearing surfaces which were not abrasion but polish,
and therefore harmless,

A discussion of the problem of bearing abrasion with
representatives of the Bureau of Ships, the Bureau of Ordnance,
and with officers acquainted with the handling of ordnance
equipment on shipboard has revealed a wide divergence of opinion
on the subject. Commercial designers are unanimous as to the
importance of fretting abrasion, but differ widely in their
suggested means for preventing it. It is very important as a
problem in ordnance bearing design that more exact knowledge
be obtained about fretting abrasion and means of avoiding it.

Sheet 1 shows in ¢ a cross—-section of a roller and race
design in general similar to the one presented in g, but with
larger, longer rollers and with the training rack attached to the
stool.

It was desired to increase the width of the track and
the length and diameter of the rollers, and to arrange that
rollers might be changed from inside the turret. With a two-
inch roller two and a half inches long, this would not be
difficult with a hollow tapered roller. The taper would be only
.01 inch per inch, or ,025 for the roller. A high grade spring
roller would not be injured by a deformation of this magnitude.
On the other hand, a bearing three inches in diameter and six
inches long would taper ,0l5 per inch, or a total of ,09 inch.

A deformation of this magnitude might injure the roller or the
track; therefore, a straight roller cut into three sections is
shown in the sketch. The Precision Bearing Company have many
thrust bearings of this type in service and they have given
satisfaction under rather high spsed service., There should be no
trouble with this design in the very slow rotation of the turret
support. Each roller is cut into three sections., Each section,
of course, rotates at a slightly different rate and the different
sections would need to be kept in line by a tapered guide, not
shown, There would be about 1230 of the 2-inch wide rollers in
the circle. The average gravity load for each roller would be
2,440 pounds. The Precision Company rating for the roller would
be 24,000 or ten times the normal load,

The numbers and functions of all parts are the same as
in the original plan a up to 11, which replaces the lower part
of the original 3., 12 is a circular rolled strip 3 inches thick,
welded to 5 to give added width to the lower roller track and a
locking cap for the training rack 13, The lower edge of 12 is
beveled to form a lock for the rack. The base support 14 for
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the training rack is welded to 5 with sufficient clearance to
allow the different sections of 13 to be seated against 12.

Key 15 is then forced into plane under high pressure, securely
locking 13, After 15 is seated it is weld=d to 14, thus

inswring a permanent lock for the training rack. b in Sheet 1
shows a cross-section of the present flanged roller with the
upper and lower tracks, the rollers with their cage, the holding-
down clips and training gear. This section is shown for
comparison with the original plan a and ¢ which are drawn to the
same scale,

Summary

The compactness of the flexible roller and flexible
roller path design gives an increase in clearance between the
greatest.rotatingradius and the barbette of 10.75 inches. It
allows an increase in the radius of the outside of the training
rack from 15!'5" to 16'6", a gain of 13 inches in radius and of
over 7 per cent in the mechanical advantage of the training gear.

The total weight for the 2.5 inch roller path including
rollers, holding-down key, the training gear and its support is
approx imately 30 tons. This includes ring 5, which is 24 inches
wide. The 6~inch roller ring assembly would weigh about 50 tons,
The total weight of the flanged roller path assembly with the
upper and lower track, the holding-dovm clips, the rollers with
their cage, the training gear and its support would be nearly three
times the weight of the 6~inch roller path, or about 5 times the
weight of the 2.5 inch path. The estimated weight saved by the
use of the more compact path would therefore be well above 100 tons
per turret, or 300 tons per ship. In spite of this decrease in
weight the flexible assembly would be stronger because of its
compactness and because of its flexibility. In case of damage
from enemy projectiles the upper and lower rings would support
each other, any forces tending to distort one ring would be
resisted by the other. The plan presents a smooth exterior
rotating surface with no projections which might be fouled by
battle damage. This should be a distinct advantase over the
present assembly shown in b. If advantage were taken of the
10.75 increase in clearance between the rotating turret and the
barbette, the diameter of the barbette could be reduced by 21.5
inches, while the present clearance was maintained. This would
allow the saving of a trip of barbette armor 5,5 feet in width.
The decrease in diameter would increase the strength of barbette.
The total saving in weight should be about 200 tons per turret.






The 6" and the 16" turrets are very similar., If the manufa?turing
and mechanical bugs are warked out of the flexible path design

for the 6" turret it will then be a very simple matter to scale up
the design for a 16" turret.

The flexible design with the use of the highest
possible strength materials for both the rollers and.the r911er
path rings offer great advantage in the saving of welg?t, in the
saving of space, and the possible saving of manufactur}ng time and
cost. I am very much interested in finding if the design can be
made to work.

Captain E. Q. Cochrane requested an account of
statement made by representatives of the Timken Roller Bearing
Company of Canton, Ohio concerning cooperation between the Navy
Department and the Company in the development of new designs for
ordnance training mounts.

H. B, Maris: Naval Research Laboratory

On March 3, 1941 T visited the Timken Plant in
Canton, Ohio to discuss the possibilities of flexible rollers and
flexible roller paths with T. V. Buckwalter, Vice President of the
firm. During the day Mr. Buckwalter took me to the office of the
President, W. E. Umstattd, for a brief discussion of the problem of
ordnance bearings,

President Umstattd's discussion may be summarized
as follows:

High strength, high brinell materials are as important in
military bearings as in industrial bearings. It wnruld probably be ad-
vantageous to use those high brinell materisls in all ordnance bearings if
designs were adapted to their use.

In the past there has nct been close cooperation between
Army, Navy, and industrial designers. Closer cooperation could very greatly
reduce the cost, the time, and the headaches in the manufacturing ordnance
bearings. ILighter, stronger, more compact bearings withlonger life could
be obtained with less trouble if there were better coordination of the
efforts of the different designers.

The Timken Company was ready to do anything possible to
support better cooperation in the design of bearings.

The flangedr oller was not a good design.

Vice President Buckwalter's discussion may be summsrized
as follows:

‘Higher brinell materials should be used in turret bear-
ings.



Designs could be simplified. If there was anything the design section
or the Research Laboratory of the Company could do to demonstrate these
needs they would be glad to do it. If the Navy would outline some plan
for testing the flexible bearing and flexible roller path the company
would assist with the plan in any way it could.

On April 5, 1941 I spent most of the day with Mr. Buckwalter
studying the problem of designing and testing a new type of turret bear-
ing. The Taylor Model Basin was visited and their equipment for testing
turret bearings was inspected.

Commander W. P. Roop raised the question of design of a
flexible roller, flexible roller path model turret for test with the
Carderock test stand. After some discussion the conclusion was reached
that the design should be drawn for a full scale 16" three-gun turret.
Mr. Buckwalter agreed tot ake on the job. Commander Roop spoke of a
$20,00 a day limit for contract design work. Mr. Beckwalter said there
would be no charge. He explained that he wished to maintain his identi-
fication with the Timken Company and that such activity was in line with
the established policy of the Company, offering as an example the pioneer-
ing of roller bearings for railroads, where the company built a complete
locomotive and loaned it to the different railroad companies for service
tests. '

As a final step Mr. Buckwalter agreed to come to
Washington at his own expense whenever it would be possible to arrange
a conference for deciding on details of a cooperative program of design
for either models or full scale turret roller paths.

At the Naval Research Laboratory Mr. Buckwalter, after
a study of Sheet 1 of Plan F-411 said the dimensions of design a were.as
large as was needed. He asked that a copy of the letter accompanying
F-41]1 be sent him for preliminary study before the conference to arrange
details of the cooperative design program.

. ' Hr. Buckwalter is expecting a letter from the proper
authorities in the Navy Department asking him to come to Washington for
a conference.
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