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TECIHNICAL MEMORANDUM X -G4563

ULTRASONIC MEASUREMENT OF STRESS IN RA[LROAD WHEELS
AND IN LONG LENGTHS OF WELDED RAIL

SUMMARY

Many stress related material fajlures are associated with high speed
rail transportution. High compressive residual stresses exist in the rims of
new wheels, Emergency braking of high speed trains generates excessive heat
in the rims, reducing the stress levels existing there. Consequently, cracks
in u rim and explosive tyvpe wheel failures can resuit if t e high initial compres-
sive stress beconies too low, Many stress-related rail faiiures also oceur,
Thermal stresses that can cause failure build up in long, continuous lengths of
welded track. In summer, heat-induced compressive stresses may cause rail
to buckle and the low temperatures in winter result in tensile stressces that can
break rail, Work described in this report was initiated to develop nondestruc-
tive methods of measuring stresgs in thick steel so improperly stressed wheels
and rail can be identified and repliced or adjusted before hazardous failures
occur, Applicable ultrasonic techniques have been applied to these problems,

The determination of stress levels using the ultrasonic method consists
essentially of measuring the ultrasonic velocity through the siressed material,
Although stress and numerous material properties affect the velocity of sound
in & medium, effects of property variations can be accounted for by adequate
calibration procedures., Thus, additional velocity changes can be attributed
to stress, Satisfactory calibration procedures include a determination of the
velocity change/stress change ratio and the establishment of a calibration
factor based on material variability. Subsequent to the preliminary work, on
small rectangular specimens, ultrasonic velocity measurements were made
on several railroad wheels and on incrementally loaded rail segments. This
work demonstrated that reliable ultrasonic velocity measurements can he
made and that the magnitude of velocity changes can be related to stress level
changes in wheels and to residual stress in rail,
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INTRODUCTION

Carrent trends foward higher 1ail specds secem Lo be pushing present
wheel desipns bevond their capacity,  Ruailround eyquipment is capable of speeds
ap to 1 nites poer bour hat L is restricted to lower speeds primarily because
ol the inahility of wheols o withstand emergencey braking at high speeds,  High
speed beaking genetates theemal eracks in wheel tread which can result in
esplosive tvpe ailures,  More specilically, compressive residual stresses in
the rims of wheets ate eventually reduced Lo zero by excessive heat and, sub-
sequently, cracking occurs us additional braking loads the tread in tension,
Thus, capicdd ad ellective methods of detecting and measuring stress changes
in wheols are tecded o aveid catas(rophic failures,  Additionally, muny sirese-
eelated il il wes also vecurs Modera railroads use long lengths of welded
vail in building track to increase the salety and comiort of pussengers and to
reduce operalional cosls,  [lowever, all maintenance problems are not clim-
inated by welding rail, Thermal stresses that can cause failure build up in
fong, continuous lengths ol track,  In summer weather, heut-induced compres-
sive sttesses may cause rail to buckle and the low temperatures in winter result
in tensile stresses that cun break rail, These failures occur us exvessive stress
builds up in specilic truck sections when the uniform distribution of the thermal
stresses is disturbed by improper condilions of ties, ballast, or rail anchors,
since these conditions cannol always be avoided, effective methods of detecting
and neusuring excessive stress levels are required,

Liltrasonic technigues have hHeen used at Marshall Space Flight Center
(ASICH tor severul vears to measure stress chunges in aluminum and to some
eatent in steel. These techniques are bused on the principle that stress will
chiange the velovity of ullrasonic waves propagating in metallic materials, Thus,
with adequate calibration, an accurate velocity determination becomes a meas-
ure ol stress,  Ulitrasonice veloeity changes per unit load or stress level change
ate less for steel than for wiuminwn, lHowever, the significance of this negative
Lact is diminished by the high stress levels usually existing in steel structures.,
Thus, high expecled stress levels and uniform wheel and rail geometries make
the wltrusonic method attractive as a possible solution for both of the stress-
velated railroad problems,

Objectives ol the program initiated for the purpose of solving the prob-
lems included the determination of feasibility and practicality of using ultra-
sonic technigques to nondestructively measure stress in rail and to determine
the relationship of residual stress changes in the rim and subsequent thermal
crack growth on the tread to the number of high speed stops for railroad wheels.




Expcrimental work associated with the program included an evaluation of the
elfeets ol material variability, peometric variability, temperature, and trans-
ducer coupling technigues on measurement aceuracy, In addition, iniiiul ultra-
sonic velocity (stress) and attenwition meuasurements made on specimens of
rail and wheel steels showed that excessive attenuation occurred at 7 MEZ, the
frequency used for measuring stress in aluminum alloys, Consequently, the
test frequency had to he chunged to reduce sigpal attenuation, Transducers
suituble for 2 Mz operation were then designed, fabricated, and tested to
overcome this problem, Attenuation at this lower {requency was acceptable
and permitted accuracy in medsurements,

TECHNIQUE AND INSTRUMENTATION UTILIZED
IN MEASURING STRESS

The determination of stress levels using the ultrasonic method consists
essentially of measuring the ulirasonic velocity through the stressed material.
Although stress and numerous material properties affect the velocity of sound
in & medium, effects of property variations can be accounted for by adequate
calikration procedures. Thus, additional velocity changes can be attributed
to sir'ess.

The selected technique of meuasuring veloeity is basically a differential
time measurenent as depicted in part by Figure 1, Two ultrasonic transducers
are energized by a single pulse generator. One of the transducers is placed on
a stressed specimen and the other on an unstressed reference block. Each
signal is monitored on a separate channel of a dual beam oscilloscope. The
time huse of the oscilloscope is expanded until each cycle of the narrow pulses
can be observed, The distance or time b .tween corresponding peaks of the
two sighals is proportional to the stress level in the specimen. An accurate
value for the distance between peaks can be obtained by turning the delay-time
multiplier knob» on the oscilloscope until both signals are coincident. Photo-
graphs illustrating the mechanics of making stress measurements in railroad
components are shown in Figurcs 2 through 5. TFigures 2 and 3 show overall
and close-up views, respectively, of a shear wave transducer and holding
fixture utilized in measuring stress in wheels, Similar coupling methods are
used for measuring stress in rail, In each case, a thin layer of highly viscous
couplant® is used, allowing easy rotation of the transducer., Typical segments

1. The couplant is the resin portion of an adhesive called '"Lefkoweld 109, "




of reflucted pulses from stressed and unstressed materiale are shown in Fig-
ure .,  Figure 5 depicts the oscilloscope patter n subsequent to the coineldence
adjustment,
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Figure 1, Block diagram of witrasonic struss
measurement instrumentation.

ULTRASONIC MEASUREMENT OF STRESS IN RAILROAD WHEELS

Work described in this section of the report is part of a larger program
initiated by the Federul Railroad Administration to determine the relationship
of residual stress changes in the rim and thermal crack growth in the tread to
the nuwmber of high speed stops for railroad wheels, In addition to ultrasoni:
work at MSFC, nondestructive stress measurements of the Barkhausen noise
type have been made at Southwest Research Institute, Necessary metallurgical
work, thermal loading of test wheels, and destructive stress and crack growth
analyses are responsibilities of the Uinted States Steel Corporation., Subsequent
to the completion of all laboratory work, stress values obtained nondestructively
will be compared to destructive measurements,
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Figure 3. Detailed view of shear wave transducer

and method of applying pressure,
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Eaghl,

Calibration

Changes in ultrasonic velocity cuused by stress are small percentages
of the velocity in unstressed material, Consequently, very accurate and
reliuble measurements ure required to obtain useful information, Furthermore,
time or velocity change measurements can be made with greater accuracy than
absolute measurements. ‘This fact is indicated by the mechanics of the measure-
ment procedure previously desceribed. However, the double refracting or
birefringent characteristic of metals and the selection of calibraticn blocks
were not discussed,  Briefly, a double refracting or anisotropic material
loaded in compression will cuuse sheur waves polarized paralled to the prin-
cipal stress axis lo travel luster than similar waves polarized perpendicular
to ii. Thus, the velocity difference or phase relationship of these waves sub-
sequent to passing through loaded metal becomes a measure of stress in the
material 11, 2, 3, 4, 5}, Soin the case of a wheel, the difference in velocity
of circumierentially and radially oriented shear waves through the rim is 2
measure of the average stress existing there. However, since velocity is
affected by material propertics as well as stress, efforts were made to reduce
the effect of these purumeters by careflully selecting a suitable calibration block
as depicted in Figures ¢ and 7. Ideally, this block should be of the same
material and have the same preferential grain alignment and exact thickness
as the rim of the wheel, and it should be stress relieved. As indicated in
Figures 6 and 7, a good approximation of the ideal block can be attained and
it serves the foliowing purposes:

1. Used in determining the stress constant,
2. Used as a delay line,

3. Reduces effects of temperature and material property variations on
measurement accuracy.

4, Provides potential for measuring stress components rather than
only a resultant stress value,

5. Allows some measure of material variability.

The stress tonstant or ultrasonic velocity change per unit load was
determined by placing the block in a press and measuring velocity changes as
it was incrementally loaded, Loads were applied as indicated in Figure 6 to
simulate compressive circumferential stress in a wheel. An unstressed block
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Figure 6. Ovrientztion of calibration block with respect to wheel,

Figure 7. Calibration block and location of transducers
for initial instrumentation adjustments.




wis used as a delay Hie to oblain a reference palse, For cach load level,
velocity or time chabge measarenents woere made with the shear wave trans-
ducer polarized parailel to the majur stoess axis and then perpendicular (o it
Results of a typical constant determination are shown in Table 1. Obviously,
when wtrasonic waves are polarized paralliel to the principal stiess axis, time
change magnitudes lor given load changes are pgreater than corresponding time
changes lor waves polarized in a perpendicular direction, Negative numbers
indicate shorter ultrasonic propugation limes and positive numbers indicate
greater time thun the reference value, Differences between transit times for
the two polarizations were used to obtain the timo change per load level change,
This information, along with the total path lengty and the magnitude of cach
load level change, wus used to caleulate a stress constant of 2, 31> 1078
nsec/m/N/m? (4,405 nsec/in, /ksi). Stress constants for the three types of

wheels (nvestigated are shown in Table 2.

Experimental Resuits

Circumferentially and radially oriented shear wave velocity measure-
ments were made through the rim of euch wheel at locations spaced 45 deg
apart.  Measurement procedures inciaded initial instrumentation adjustments
to make the test and reference pulses coincident and to make the time delay
control read 200 divisions when both transducers were placed on the sume
reference block, Then, the test {ransducer was placed with corresponding
poluarizalion on the wheel and a time differential was determined by adjusting
the delay control to make both pulses coincident again, A similar determi-
nation was then made using a 90 deg change in shear wave polarization,
Typical values obtained for eight locations on a wheel are shown in Table 3.
The diifference between corresponding radial and circumierential time values
represents stress,

Knowledge of the ultrasonic path length and the time base setting of
the oscilluscope allows o determination of reflection time differences between
radially and circumferentially polarized ultrasonic waves in nanoseconds per
unit length of stressed material. Duata for ail wheel measurements made to
date are presented in Table 4. These data and the stress constant previously
determined can be used to caleulate apparent stress in all the wheels and a
stress change in wheel humber 2476-A. This particular wheel was subjected
to simulated high speed braking after the initial ultrasonic velocity determi-
nations were made. Data for a second set of velocity measurements made

11
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TABLE 2, STRESS CONSTANTS FOR SELECTED WHEEL MATERIALS

Type of Wheel

Stress Constant
nsec/m/N/m? x 107" (nsec/in. /ksi)

M-CHl-3i
Multi-Wear
Wrought Steel

2,31 (0.405)

I-d-36
Italian Steel
Wrought Steel

2.:36 {0,413)

C-CJ-i34
Cast Steel

2,32 (0.406)

TABLE 3, TYPICAL ULTRASONIC VELOCITY MEASUL.EMENTS

Dinl Readings ( Divisions)
Radial Circumferential
Trunsducer Positions Polarization Polarization
Both on Culibration Ju0 300
Block
Wheel Positions of
Test Transducer
1 201.2 173. 56
2 197. 8 180.3
3 199.5 199.1
4 200. 0 180, 9
5 196.4 175.1
6 208.0 186,0
7 202.1 183.95
8 194.8 170, 5

13
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subscguent to ettt loadime are shown in ‘Table 5. These dada show signif-
icant velocity changes thal are cquivalent to an averuge stress change of

o6~ 10T Nm? (13,9 ksi) for the eipht measurements, These thermally
induced stress change values are constdered accurate since the stress constant
previously determined is repeatable,

ULTRASONIC MEASUREMENT OF STRESS IN RAIL

Shear Wavce Measurement

Shear wave stress delerminations ave made, as previously described
in detail, by measuring sound wave transit times as o transducer is adjusted
so particle motion in the specimen is {irst lopgitudinal and then in the trans-
verse divection, The ditlerential time change is @ measure of stress in the
material, This technique was usced to oblain the stress constant or velocily
change per unit load change ratio for small [ 2,54 by 3. 81 by 12,70 ¢m (1 by
1.5 by 9in. )] rectangular specimens of vail stecl,  An average value obtained
tor this ratio wus 2, 53/nsec/m/N/m? (0,442 nsec/in, /ksi).

Subsequent to siress constant determination, measur=ments were made
in incrementally loaded rail sepments. Initially, these were made with the
transducer clamped on tup of the rail as shewn in Figure B, Then, at cach load
level o value tor the average stress through the entire rail was determined,
Although reliable stress determinations were made in this manner, it was
learned that the ratl industry is more concerned about stress in rail heads
than in entire rails. Consequently, all subsequent shear wave stress measure-
ments were made with the trunsducer clamped to the side of rail segments as
depicted in Figure 9, ‘This figure also shows a reference block consiscing of
a rail head segment that was utilized in a4 manhner analogous to the previously
described culibration block cut from the tread of a railroad wheel, Measure-
ments on an incrementally loaded rail segment are presented in Table ¢ in
terms of instrument indicutions as a function of load level. Data reduction
and stress constant determination are given in Table 7. Since the oscilloscope
was adjusted to make each division of the delay knob equal to 5 nsec, all data
in Table 6 were multiplied by 6. Then, the value obtained for the parallel
polarization at zero applied load was selected as a reference point for data
reduction, All time differences between this and other data points of both

15
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L B

Figure &,

Figure 9,

Method of coupling sound into the top of a rail segment,

UNLOADED REFERENCE BLOCK

Location selected for transmitting sound into rail heads.
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TABLE 6, STRESS MEASUREMENT DAT.S vOR A RAIL SEGMENT

Dial Readings (Divisions)
Applivd Load, Parallel Perpendiceajar
N/m?- 10° (ksi) Polarization Polarization
0 () J8L. 9 427.9
Bkt (D) 381.0 429,1
Go BE D0} 378, 6 429,06
Tu,32 (15) 3706, ¥ 430, 1
13,76 (20) 474, 2 430, 2

polarizations are shown in Table 7. Negalive numbers indicate less ultrasonic
propupation time and positive humbers indicate more time than the reference
value,  Furthermore, parallel orientated vibrations are more sensitive to load
chuanges than perpendicular ones and result in greater time changes for a given
stress chunge, Next, the cumulative load-induced time chunges were obtained,
as indicated in other columns of the table, and were used with the distance
[15.11 ¢m (5,95 in, )] the sound traveled to caleulate a stress constant of
2,40 nsec m/N/m? (0,42 nsec/in, /ksi).

As previously stated, an average stress constant of 2, 53 nsec/m/N/ m?
{0, 142 nsec/ing Jksi) was determined for three small rectangular specimens.
A photograph of this and other specimen types is shown in Figure 10 which
includes all types investigated except the 91,44 cm (36 in, ) rail segment
dusignhuted 8. Stress constant values for all of these specimens are presented
in Table & The initial reason for utilizing a rectangular specimen to deter-
mine stress constants was to eliminate possible effects of complex rail geom-
etry. Consequently, it is of interest to note that values obtained for rail
segments are lower and those for rail heads are higher than average. Perhaps
more significantly, the average value of constants for segments 8; through §;
is essentiully cqual to that obtained for the small rectangular specimen, Thus,
the constant obtained with the rectangular material is considered adequate for
use in meusuring stress level iu raii, ilnwever, in addition to a stress con-
stunt, knowledge of material variability is required before an acceptable
measurement of stress in long welded rail can oe made. This problem and a
feasible approach to its solution is addressed in the following paragraphs.
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Figure 10, Specimen types utilized in stress constant determinations.

TABLE 8, STKESS CONSTANTS FOR SELECTED RAIL SPECIMENS

Specimen

Stress Constant
nsec/m/N/m? = 10° ( nsec/in. /ksi)

2.54 by 3.1 by 12,7 ¢m
(1by1.5by 5in.)

8;, 12.7em (5 in,)

Rail Segment

8, 10.2 cm (4 in,)

Rail Head

Sg, 10,2 cm (4 in,)

Rail Head

84, 91.4 cm (36 in,)
Rail Segment

Average — S, S5,, S,,
and S,

2,53 (0.442)

2,46 (0,431)

2,61 (0.456)

2,57 (0.450)

2.40 (0.420)

2, 50 (0,439)
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In relerence to Tuble 7, observe that the 280 nsec time change vbtained
at zero applicd stress when the fransducer was rolated 90 deg is a0 measure of
the anisotropy Tn the rail wnd that it is climinated when stress change caleula-
tions are made,  For each purticalir rail, this time differential at zero applied
stress appears to be o reliable ndicatlor of corresponding material anistropy,
Ul course, evitluations of humerous rail segments are required to establish an
adequate statisticul busis for this and w determine whether or not additional
material paramceters must be considered in measuring residual stress,  But it
is clear that tinse chabges caused by highly oriented, unstressed rail material
are large and this el suggests o procedure for making field type stress meas-
urements. Such a provedure should pro.de for a measurement ot residual as
well as applicd stress with aceeptable aceuracy, Major requirements for this
procedure are vutlined below:

1. Utiljze about 5.u8 em (2 in,) on the end of each rail as a siandard,
2. Determioe the anisotropic factor.

3. Measure the transit time differential between parallel and perpen-
dicular polarizations ol sound In ¢ welded rail,

4, Subtract the anistropic fctor from the time differential and com-
pute the stress level by dividing the remainder by the stress constant and the
ultrasonic path length.

Surface Wave Measurements

Althou 1 ultrasonic surface wave velocity measurements have been used
for yeuars to determine near-surface stress in aluminum alloys and, to a
limited extent, in steel, the fundamentals are not as well established as those
for shear waves, Published literature does not cover this aspect of surface
wave theory very well, However, work at MSFC has shown that accurate and
repeatable stress change determinations can be made by utilizing a small
ultrasonic transducer having a separation of only 2.54 ¢m (1 in. } between
transmitting and receiving crystals. This technique works especially well in
aluminum since the change in velocity for a given load change is much greater
for aluminum than for steel, This makes velocity measurements in steel dif-
ficult since time change intervals corresponding to velocity changes for the
2,5 ¢m (1 in.) path length are so short. A longer path length should reduce
measurement errors by minimizing the effect of transducer coupling variations,
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Consegoently, fesbares ol teansducers suitable for coupling surface waves into
B Tegesths ol vudl were developed and utilized, as depictled in Figure 11, to
wehieve this purpose. Thowever, results of measurements over a 76, 2 ¢m

{0 dn, ) path lespth raised wlditional yuestions aboul the relationship of ultra-
Sonic surlitce wave velucity 1o stress. A casual observation of experinsental
resublls shown in Luble 9 pive the inpression of o very elfective measuremeoent

ol stress i the cail it this proves to be incorrect, A brief review of measure-
ment prrocednres may be helpiul in (fustrating this point,

The short path leapth transducer is self-contained with a constant 2, 54
cin {1 i ) distience belween transmitling and receiving erystals and it {s
applied to spevimen adter the material is loaded, Thus, data obtained this way
Jdo not huve to be corrected for strain, Two separate transducers were used
to midhe surtace wave measurements over the 76, 2 em (30 in, } path length
and tor maximum accaracy they were attached to the rail before it was loaded;
su o strain vorrection was teguired,

Expoerimental wirasonic measurements showed a transit time change of
18T nsec over the 76,2 ¢ (30 in,) path length at maximum load. However,
w cileulution of the time chunge caused by compression of the specimen during
loading wus 189 asec. Thus, the required strain correction essentially can-
celled the time chunge meuasured ultrasonically, So for this particular material,
the velocity duependence of ultrasonic surface waves on stress is mucn smaller
than previous measurements indicated, Obviously, this contradicts results
previously oblained by measuring time changes over 2,54 em (1 in, ) path
lengths, The only logical aunswer, which available evidence appears to
suppetrt, is thut deformations of u surface by short, dual contact transducers
ehvctively vhange the distunce between transmitting and receiving crystals,
The magnitude of these detormations is, among other things, a function of
siress in the material, Thus, a measurement of surface wave transit time
with o dual vontael trunsducer is o measurement of stress, although a path
length change rather thun a velocity change is the major stress~related param-
eter for steel, Obviously, path length changes caused by surface deformation
becomes luss sipgnificant us the tetal ultrasonic path length increases.

In summary, the short transducer can be used to measure stress, but
mechanisims involved include veloeity changes and surface deformation
phienomepi. The technigue works well with aluminum since both mechanisms
wre sensitive o stress changes in this relatively soft material; however,
neither the short or long path length technique is recommended for steel, ‘The
stress-related velovity changes are essentially zero for surface waves in rail
steel and the material is too hard to obtain reliable results by the surface
delormation meckanism.
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TABLE 9. SURTPACE WAVE VELOCTIY MEASUREMENTS
UN A LONG RAIL SEGMENT

Lo;u.l: Dial Readings Time Changes,
N/m® < 10 (ksi) { Divisions) nsec
0y 300, 2 0
3.43 (4,95} 201.4 44.0
T (1o, 23) 281,0 51,0
1O, (19, 54) 271.7 46, 5
[4. 35 {20, 52) 262, 5 46G.0
Total Time Change 187.5

Techniques of Coupling Shear Waves |nto Metal
At Elevated Temperatures

Practical measurenients ol stress with wtrasonic shear waves cannot
be made in an optimum manner without effective, rapidly coupled trassducers
that can be easily rotated. A highly viscous couplant meets these requirements
when a lirm yvel moderate pressure is applied to the transducer, As previously
desceribed, the resin portion of an adhesive called Y'Lefkoweld 109" is very
sutislactory for this purpose al room temperatures. However, the necessity
ol meusuring stress in either hot or cold rail required an evaluation of the
elfects of temperature variations on coupling characteristics of the resin.

This cvalualion was accomplished by attempting to measure stress on a rail
gpecimen heated to 52°C (125° F) with high energy lamps, The resin became
less viscous and would not transmit ultrasonic shear waves in a reliable
manner. Several other couplants were tested in an effort to overcome the
problem before finding that o special mixture of Elmer's waterproof glue would
maintain adequate viscosity at 52°C (125°F). This glue consists of a powder
catalyst and liquid resin usually mixed in a ratio of 3 to 4 parts, respectively,
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But @ nusture ol one part catalvst to 16 parts of resin produced a viscous
material suitable Tor use as o high temperature couplant,

High pressure coupling of acoustic enerey into steel was investigated
as an alternate method of solving the problem of measuring stress at clevated
temperalures, A special Lransducer designed lor this purpose wus fubriciated
and tested as indicated in Figure 12, The transducer was placed on a block of
stech and luaded incrementally in a laborulory press until ultrasonic retlections
were obtained Trom the back side ol the block, This required a force ol about
825 - 10° NAm® (12 ksi) to obtain a detectable sipnal aceross a steel to steel
intertace amd 258 - 10 NSmS 1o 13,76 - 107 N/Zm? (18 to 20 ksi) to obtain
effective coupling,  Considerably less foree was required for coupling the
stee] trnsducer to an aluminuim block,  These tests proved that ultrasonic
shear waves can be (ransmitled across metallic interfaces without the use of
a couplant,  Because of this tinding, listeres for clamping the transducer loud-
fng apparatus to o rail were designed wnd Lbricated, ‘The clamping illustrated
in Figure 13 was utilized to measure stress in a rail segment incrementally
loaded with a large press. These stress determinations demonstrated feasi-
bility of the pressure technique of coupling sound into steel. Obviously,
however, the lurge coupling torces will alfect stress palterns existing in rail
and must be accounted for by suitable calibration procoedures,

A third method of solving or at least ol minimizing the elevaied temper-
ature coupling problem was investipated to o limited extent, This involved
the use ol a lransducer containing Gwo crystals side by side having mutually
perpendiculuar polarizations,  Sownd beums {rom these crystals overiap to
sotnie extent and averape the stress over a lurger volume of material than
occurs when o single erystal is rotated, but it allows the use of a semipermanent
adhesive which should maintain coupling integrity over the required temperature
range.  Although melting and remelting of the adhesive is time consuming,
this approach couldd be uselul when only a few stress measurements ave required.
Verification ol the basic technigue was accomplished at room temperature and
the stress consfant oblained was only slightly higher than the average of several
single crystal measurements,

Il should also be noled that a modification of the dual crystal transducer
is applicable Lo pressure coupled sownd insertion and that a {ransducer of this
type could eliminate the requirement of having reference blocks of the type
previously described in this eport. Only a 'ew changes in the instrumentation
would be necessary to accomplish this type of testing.
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Figure 12, Shear wave sound insertion without use of a viscous couplant.

CONCLUSIONS

Ultrasonic velocily measurements have been made on several railroad
wheels, wheel sepmoents, rail segments, and calibration blocks fabricated from
representative materials, Repeated measurements vary less than 1 nsec Irom
initial determinations and are of sulficient acearacy Lo be uselul, Iowever,
material variability causes variations of ultrasonic velocity in addition to that
cauged by stress, ‘These variations are small percentages of the characteristic
velocity ol a specific material but are large compared to velocity changes caused
by stress. Nevertheless, stress change measurements can be made with satis-
[uctory accuracy and useful determinations of residual stress are obtainable,
However, a careful preliminary evaluation of material characteristics is
nevessary before acceptable measuremenis of residual stress can be made,
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[ addition to e stress cobstant oetermination, o calibration fuctor is

reduited and should include the ettects of material anisotropy and any other
parnieter that alfects the characteristic velocity of sound in an unstressed
specimen,  This factor is more dillivult to obtain for wheels than lor ruils.

There is considerable variability in unloaded reference bloceks of wheel
stecl which causes variations ol ultrasonic velovity that are not stress related,

T'his preciudes the aceurate measurement ol total wheel stress until an

independent nondestructive method is available for evaluating material variabil-
itv.  However, reliable stress change measurements can be made since all
datta oblained to dite indivale thal the stress constant is veliable,  Thus, base-
line data can be obtained lor each pew wheel and subsequent measurements

on used wheels will reveal stress changes due to thermal loading generated by
emetrgeney bhraking,

Rail geometry aceommodates residual stress measurements much
better than the wheel conliguration, New wheel rims contain high residuol
stresses and great material variability from wheel to wheel, bul the last few
inches near the end of cuch unwelded rail can serve as g convenient reference
Block since any residual stress is relatively low and material characteristics
should be statistically representative of the entire rail, Thus, any measurce-
ment on a vorresponding rail subsequent to welding will be a useful determi-
malion of totul stress in the rail head and it will be within acceptable limits
ol accuracy.

The luboratory work described in this report has demonstrated that
reliable stress measurements can be made ultrasonically and that the tech-
nology has vast potential utility in the railroad industry.
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