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ABSTRACT

The general objectives of this experimentdl program were (1) to
develop a suitably supported solid disk type specimen, having no disturbing
central nib, which would permit unrestrained plastic expansion under high
rotation at speeds up to bursting, (2) to measure the strain patterns at
sting on specimens of this type to disclose the
basic mechanism of flow and provide z meang of ealeulating bursting stresses and
{3) to make low-temperature €msté on full-size disks of this type to determine
the transition temper-ture from ductile to brittle fracture. Since parts (2)
and {3) depemd directly on part (1), this was first attecked. Verious designs
vere tried in ordcr to perfect such a specimen., Several attempits were successful
in carrying a special flange-supported type specimen containing no central nib
well up into the plastic range; up to the present, it has not been possible to
develop one which could be carried successfully to bursting. Since most of the

time wrs thus utilized for part (1) of the progrem

i

only a lirited amount of date

was accumulrted for part (2). Some of the necessary equiprent for part {3) was
either designed or acguired but no tests were conducted for the reasons explained

ahove,
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PREVIOUS WORK

The Welding Research Council, through its Weld Stress Committee, financed
the construetion of the early Whirl Pit. When the project was initisted, its
ocbject was to construct the apparatus for, and to conduct tests on welded ship
plates. Emphasis wes on the effect of residual stresses, resulting from =
welding, on cleavage failure in welded ships., The method employed was to weld
a four inch core in a twenty~six inch outside diameter by four iner inside
cdiameter by one inch thick plate. Unless precautions were taken to avoid them,
large residual stresses would result from such a "circumferential butt® weld.
Z-ray techniques for measuring the magnitude of residual principal stresses
were available in the Hetallurgy Department of M.I.T. At the end of the war,
when construction of the pit began, the Weld Stress Committee's interest in
residual stresses was waning. The cormittee felt that the disk method would
provide information redundant to the recent results of other investigations
into the problem., In spite of the consequent financial limitations, some
apparatus was sssembled, and successful tests on both welded and un-welded
disks were condveted., However, dve to the shift of interest from residual
stresses to brittle-ductile trensition phenomena, a decision was made to employ
the Wiirl Pit as o means of determining the plastie flow characteristics of
mild steel, subjected to bi~axial tension, up to frazeture strains, a-d further,
to determine the brittle-ductile travgition behavior of this steel under bi~
axial tension.

Because of this change of interest, it was not possible for the Welding
Research Council to continue its support of the project beyond December 1947.
In January 1948 the Ship Structure Cormitiee asoumed responsibility for the

investigation and the work has been continued under Bureau of Ships Contrzct
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NObs~-46302. The present termination date of the contract is June 3G, 1949.

As part of the Ship Structure Co:mittee's support of this work, arrznge-
ments have been made through the transfer of funds by the Transportation Corps
of the U. S. Army (one of the agencies constituting the Ship Structure Committee)
to lietertown Arsenal for the machine work, etc. necessary in the development
of the test equipment and for the production of test specimens.

Before undertaking t"e brittle transition tests, it was necessary to
improve the Whirl Pit apparatus, The five pieces of armor plate of which the -
protectivé pit housing is constructed were shipped to the VWatertown Arsenal
for extensive welding and machining. This work was necessgry in order to
permit maintenance of a high vacuum in the pit for brittle tests. Without a
very high vecuum, the windage heating of the disk would prohibit brittle bursts,

Advantnge wes taken of the down-tire required for machining the pit to
develoﬁ numerous auxiliary pieces of eguipment and to have the cathetometer
repaired. The cathetometer is a 20 power nmicroscope wounted cn a lead screw
such that it may be used to take readings to one ten-thousandths of zn inch
(.0001) of ithe spacing of a Wstrcin grid" seribed unon the specimen surface by
s special seribing dicmond. Among the nieces of auxiliary equipment constructed
were a measuring stand for traversing the specimen under the cathetometer; a
gpecicl deep throated microméter for merstring thickness changes in the disk, =
lead swelting apparatus to recast the tom of lead pigs used to absorb the disk
fragments; a specinl pot chuck (made at the Watertown Argenal) for turning the
disks and flanges: nurerous improvements in the high pressure steam line; and

construction of a new remote control panel for added safety to the perscnnel.



~3
ADVANTAGES OF THIS TYPE OF TEST

In a rotating disk of uniform thickness, two of the principal stresses
ere equal tensions at the disk center = the third principal stre:s is essentially
zero, lioreover, these values of the prineipal stresses are a maximum and remein
very nearly equal for an appreciable distance from the center. By reasons of the
symmetry necessary to maintain rotational balanee of a.gpinning disk, the equality
of these center principal stresses is maintained throughout plastic yielding to
fracture, Thus the rotating disk provides a means of studying large plastic deform~
ations in materials subjected to pure biaxial tension.

Researeh hag demonstrated thet tri-~axial and bi-axial stress comditions m
considerably the behavior that steel shows under simple stress. Since present test
methods do not presont a convenient way of nredicting tri-axial stress values (for
example, the stresses nt the root of notches) ond since structures fabricated from
thin plates ore subjected chiefly to bi-axial stress patterns, a test method which
produces a well defined‘furély bi-axial strese pattern is very wseful. In partie
cular, equal tension is the most severe condition of biwaxial stress. The roteta.

ing disks appear to be the only type of specimen gvailable which will provide a

region of equal bi=axial tensile stress throughout the entire plate thickness vhile

-

mainteining the rotic of

he prineipal stresses throughout large plastic deforme

ations and up to rupture,

To reiterate, the desirable features of the Rotating Disk llethod as compared
to other availaoble procedures ares

(2) The rotating disk maintains equal bieaxial stresses all the way to
fracture at the center, vhich is where frocture begins.  These are uniformly

distributed ccross the entire thickness of the disk end there is & considerable
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area, near the axis of the disk, over which they vary little.

(b) A wide range of pléte £hicknesses may be tested by the rotating disk
method at minimum cost, Full size weldments may thus be tested. The M,I.T.
Whirl Pit has & capacity for disks of any thickness up to about 8" and any diam-
eter up to 30", For bursting tests, however, the minimum specimen diameter (for
ship plate) is 12" 0,D.

(¢) Tests can be conducted on disks which are unwelded and investigations
thus carried out on the base material, This is not possible for internal pressure
tube tests of plate material,

(d) Tt should be possible to obtain brittle failures at low temperatures in
rotating disks made of normally ductile ferritic steels by using a simple expend-
able refrigeration system as now considered, The strain velocity and temperature
of the test can be varied quite widely, This is difficult and extremely costly
to accomplish on large scale tests of tubes under internal pressure (and in such
case it can only be carried out on welded tubes, not on the base metal only) and
the lowest temperature is limited by viscosity problems, It is thus anticipated
that the brittle transition temperature can be obtained on full size assemblies
by this method. Comparisons of the brittle transition temperatures of notched
bars and of rotating disks can thus be made.

(e) It is simple to test the rotating disks at elevated temperatures also,

THE WHIHL PIT EQUIPMENT

The M.I.T. Whirl Pit is composed essentially of thrce heavy pieces of Class B
armor plate, The center armor plate, 17" thick, containing the cavity in which
the disks are rotated, is bolted aroﬁnd the edges to 4" thick bottom and top cover
plates. The latter have 4" thick bosses attached to them which project into

the cavity for greater protecction. The available chanmber is thus 40" in
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diameter and 9" deep, The armor walls surrounding the cavity are 10" thick and
additionsl proteetion is achieved by lining the pit with lead or steel plates.
Sec Fig, 1 and 2,

Specimens are suspended in the pit on a 5/8" diameter flexible steel drive
shaft ag shown in Fig. 2. An 8", 30,000 R,P.l. G.E. horizental steam turbine is
coupled directly to this shaft, To prevent excessive windage, the pit is
evacunted by a special vocuum pump., The steam pressurs is 200 p.s.i. 2nd slthough
the turbine has considerable reserve power, it 1s limited to a top speed of
35,000 R.P.M. Thc remote control penel locsted hehind a concrete protective wall
is shown in Fig. 3, The vacuwun system i1s showm in Fig, 4. A schematic diagrem
outlining the entire Whirl Pit System is given in Fig. 5.

Fig. 5B is a schematic arrangement of the oil~air system, An electriec |
driven pump fpreces oil at about 16 lbs. per sq. in. pressure from an oil tank
reservoir thru a strainer thence to the upper thrust bearing through 3/8 in,
diameter copper tubing at four horizontal inlets spaced 90 degrees apart. Part
of the o0il is bled to a hydraulic dagping system which controls the spindle
vibration. | | | ' |

Air is thrﬁttled from & maln air supply at about 12 lbs. per sg. in.
pressure and supplied to the thrust balancing piston, an area of shout 10 sq. in,
on the bottom face of the turbine wheel, to limit the load on the thrust bearing.
Also, part of the air is bled from the thrust balancing picton chamber in order

to return the lubricating oil to the supply tank,

PROGRAM
As originally conceived, the exnerimentel program consisted of three parts.
The first involved the development of a suitable means for supporting a seolid

rotating disk which hrs no discontinuity (i.e., hole or change in thickness)
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near the center of the disk and at the seme time allowing the disk to expand

-

plrstically under the asction of high rotationsl speeds. The purpose of this was
to provide a means of studying the flow nnd fracture cheracteristice in the
presence of a uniform and undisturbed completely definable set of equal bi=axial
tensions. The nib-type of specimen used successfully heretofore had the
disadvantazge of a local disturbence of the stress and strain patterns near the
center of the digk,

The second part of the program entailed the measurement of the principal
strains in the disk with this new type of specimen to provide basie data on
large plastic deformations in a field of bi-axial tensions, to check the
performance of the specimen.

The third portion of the program was to probe for the brittle=-ductile
transition temperature of a rotating disk, It was plenned to cool the disks

with liquid nitrogen and to measure both tempersture and maximum center stress

by means of SH-4 gages and & slip ring system.

PILOT TESTS FOR DEVELOPHENT OF FLANGE-SUPPORT TYPE SPECIMEN

After several preliminary confercnces with representztives of the Ship
Struecture Committée, it was decided to concentrate firsi upon part one of the
program and sttempt to develop a suitable supported specimen, since the value of
the second and third parte would be directly dependent upon its successful
developnent,

Table I includes a list of the wvarious disks tested using different support
methods. The different types of supports are cho'n in Figs. 6 to © ineclusive,
The speeds attained and the method of failure at each speed are also listed in

Table I. Views of the armor driving flange are included in Figs. 10 and 11,

Typical plan views of bursts for the center-nib type disks are illustrated in
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Figs. 12 to 15 inclusive, Some side views of the fractured surfaces are seen in

T o b WA
Flgs. 16 and 19

et

While time did not perrmit the sueccessful developnent of s flange support
method for room temperature tests to bursting speeds, it was possible to
completely plastically deform such specimens to within 88 per cent of such speeds,
Figs. 20 and 21 show views of typical flange~supported disks which have been

deformed plastieally throughout,

FLOW PATTERNS FOR DISKS TESTED

Strain date was taken on a number of the disks tested and Figs. 22 to 29
inclusive show the flow patterns received.for these cases, Of interest is the
fact that the strain patterns for disks W=-29 and W27 are practically the same
to within 2 inches of the center for the speed 11,000 R.P.M. At the center,

the nib alters the strain distributions =5 shown.

YEW FLANGE SUPPORT METHOD PROPOSED FOH FUTURE TESTS

The object of the attempts to develop a flange method of driving specimens
was to make possible a spin to destruction of a disk which would have no change
in section (i.e., center nib or hole) in the central area, The prineipal
stregses are a maximum 2t the center and fall to small values at the periphery.
By bolting a specimen disk to a slotted flange (the flange of very
material) it was hoped to permit radial expamsion to occur without restraint; to
maintain the very delicate bnlance necessary at the high -rotational speeds; and
to bolt the disk in such a menner that the resulting stress concentration be
less than that of the center stress. In all the tests to date it has been

impossible to maintcin balance all the way to bursting gspeeds, Although spins

for which the disk is completely plastic are possible, the bolt hole in the



S

values of the principal strees at each point in a rotating thin disk shows that
the axial stress is zero; +the radial stress 1s nearly zero; and the téngential
stress is 40% of centep stress near the periphery, This means that a bolt hole
in this region is practieally in simple tension, By using pairs of bolt holes
(1/4" diameter; 5/8" npart) it wes found that the hole spacing would not change
as the disk yielded, This meant that no unba@lance would develop due to the
expension of the bolt holes. There developcd however, one other means of losing
the disk balonce, this due to the thinning of the disk at the bolt holes. This

. S . - S PR S mo o cmao A A L Ny L PV WUV a
thinning permits precession. To counteract this difficulty, -dedgss (as in

3

Fig. 30} which are driven by the centrifugal forcc appear to be a solution.
Unfortunately, however, the high centrifugal foreces 50,C0C to 80,000 g's =nd
the inclined plane mechanicel advantage of the wedges failed the bolis on the
first design attempt. By utilizing the best available magnesium alloys in
combination with high alloy steels and very light wooden wedges, = flange bolt
support has been decigned which all concerned feel ecertain will accomplish this
difficult task,

SUMMARY

™

The present state of development of the Whirl Pit is discussed, showing that
this valuable piece of equipment is now completely and satisfactorily operable,
Tests are deseribed which were made in an cttempt to develop a suitable
flangew-supported disk containing no chenge in section at the center. It has
been possible to bring these disks to within only 88 per cent of bursting speeds,

however, allowing the disks to be plasticolly deformed throughout. Strain

pstterns were determined for several of these disks. Sufficicut teste have
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been made, however, to indiente promise of this

Disk No,

H~28
=28
=28
i-28
=28
W27
Wa27
=27
=20
W=21
=21
W~21
W=29
We2Q
=29
W=-30
=30
w23
=23

W~19

TABLE I

[ e

new flange support method.

PILOT TISTS USED IN DEVELOPING FLANGE SUPPCRT

1ype

V=17 Sece Fig. 6

W-17 "
W-17 "
W-17 "
=17
W17 "
w-17 "

naiyn

T=12 "
Wwl2

W-12 W

W18 Sec Fig.

W18 "
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Figure 2,

View of Whirl Pit with Cover Reroved Showing Disc Specimen



Figure 3. Remote Control Fanel
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Fig. 4. Vacuum System for Whirl Pit
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Fig., 12, Plan View of Fractured Disk #%28 with Center Nib
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Fig. 14, Plan View of Fractured Disk #w—27 with Center Nib
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Fig. 16. 35ide View of Fractured Disk #W-28
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Fig, 17. Side View of Fractured Disk #W-27 with Center Nib
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Fig. 18, View of Shear Surface in Disk #W-28



f Cleavage Surface in Disk #W=-28
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