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INTERNATIONAL
Standard Practice for
Detection of Large Inclusions in Bearing Quality Steel by
the Ultrasonic Method *
This standard is issued under the fixed designation E 588; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.
1. Scope E 45 Practice for Determining the Inclusion Content of

1.1 This practice covers a procedure for the rating of Steef _ _ o
rectangular steel sections by immersion ultrasonic techniques. E 214 Practice for Immersed Ultrasonic Examination by the
Its purpose is to provide information on the content of large _Reflection Method Using Pulsed Longitudinal Watres
inclusions or clusters of small inclusions for determining the E 428 Practice for Fabrication and Control of Steel Refer-
suitability of a steel lot for bearing applications. It should be ~_€nce Blocks Used in Ultrasonic Inspectfon
recognized that this method was developed after several yearsE 543 Practice for Evaluating Agencies that Perform Non-
of close cooperation between bearing manufacturers and bear- _destructive Testirfy _ o
ing steel producers. References-82 provide background E 1316 Terminology for Nondestructive Examinatibns
information on developmental work. If its use for specification 2-2 ANSI/ASNT Standards: -
purposes is contemplated for other steel products, thought Recommended Practice SNT-TC-1A Personnel Qualifica-
should be given to the possibility that a similar cooperative _ tion and Certification in Nondestructive Testing _
program between users and steel producers might be necessar)ﬁ.:P'mg Quialification and Certification of Nondestructive

This practice in no manner defines or establishes limits of _ Testing Personng
acceptability. 2.3 Military Standard:

ultrasonic terms as those having a reflecting area equivalent to  tion and Certificatiof
or larger than a 1/64-inch diameter flat-bottom hole in a stee

L ; . . Terminol
reference block of similar properties and thickness. In metal-é © ology

lographic terms, large inclusions, defined in this way, are of. 3.1 Defmmons—For definitions of terms used in this prac-
approximately the same size as the smallest detectable sizZBS&: See Terminology E 1316.

revealed by the macroscopic methods of Practice E 45. In somg g qis of Application

cases, inclusions smaller than those described previously can . . .

be detected either individually or in clusters, depending on 4-1 Agreements Between Using Partie order for this
their type, chemical composition, orientation to the ultrasonid®ractice to be effectively used, the following items require

beam and distance from the sound entry surface of th@dreement between the using parties. _
specimen. 4.1.1 Evaluation of Nondestructive Testing Ageneiesn

1.3 This standard does not purport to address all of the@greement is required as to whether the nondestructive testing

safety concerns, if any, associated with its use. It is thé29ency, as defined in Practice E 543, must be formally evalu-

responsibility of the user of this standard to establish appro-2t€d and qualified to perform the examination. If such an

priate safety and health practices and determine the applica€v@luation is specified, a documented procedure such as
bility of regulatory limitations prior to use. Practice E 543 shall be used as the basis for evaluation.

4.1.2 Personnel Qualificatior-Nondestructive testing

2. Referenced Documents (NDT) personnel shall be qualified in accordance with a
21 ASTM Standards: nationally recognized NDT personnel qualification practice or

standard such as ANSI/ASNT CP-189, SNT-TC-1A, MIL-

STD-410, or a similar document. The practice or standard used

1 This practice is under the jurisdiction of ASTM Committee A-1 on Steel, ———————
Stainless Steel and Related Alloys and is the direct responsibility of Subcommittee * Annual Book of ASTM Standardégol 03.01.
A01.28 on Bearing Steels. 4 Annual Book of ASTM Standardgol 03.03.

Current edition approved Sept. 10, 1995. Published November 1995. Originally °Available from the American Society for Nondestructive Testing, (ASNT),
published as E 588 — 76. Last previous edition E 588 — 88. 1711 Arlingate Plaza, P.O. Box 28518, Columbus, OH 43228.

2 Boldface numbers in parentheses refer to the list of references at the end of this © Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700
practice. Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS.
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and its applicable revision shall be specified in the contractual 8.2 Ultrasonic Instrument-The ultrasonic instrument shall
agreement between the using parties. be capable of generating and receiving electrical pulses of
4.1.3 Search Unit Performance TestdAnnex Al defines 10-MHz frequency at levels compatible with the test require-
the minimum manufacturer’s specifications for search units tanents. It shall have both an A-scan presentation and an analog
be used with this practice. The extent of testing and verificatiomutput. It shall be the ultrasonic instrument manufacturer’s
of these parameters to be performed by the manufacturer shaisponsibility that instruments supplied for use with this test
be specified in the contractual agreement between the usingeet the minimum requirements delineated in this recom-

parties. mended practice.
_ 8.2.1 Receiver Characteristies The center frequency shall
5. Summary of Practice be 10+ 0.5 MHz. The bandpass of the receiver shall be at least

5.1 The general technique used is immersion ultrasonid.3 MHz (3 dB points).
testing by the reflection method using pulsed longitudinal 8.2.2 Dynamic Range-The dynamic range of the instru-
waves such as described in Practice E 214. Specific additionadent shall permit detection of steel balls with a 16-to-1
requirements for sample preparation, equipment operatindiameter ratio at a given sensitivity. Balls shall be placed in
parameters and calibration, and expression of results amgater at the focal point of the search unit. Each size ball within
delineated in this procedure. Special focused search unithis range shall give a significantly different amplitude of
having operating characteristics as defined in Annex Al aréndication on both the visual oscilloscope presentation and the

required. analog output.
o 8.2.3 Stability—The analog output voltage of a usable
6. Significance and Use full-scale indication shall not vary more than 5 % afieh of

6.1 Comparison with Other Inclusion Rating Metheds instrument warm-up, and preferably by less than 2 % (4-h test
Because the test is performed on a volumetric rather than with air temperature being held tv1.2°C over a temperature
surface-examination basis, the ultrasonic method is inherentliange of 17.5 to 25.5°C).
better able to detect infrequently occurring large inclusions or 8.2.4 Sweep Length and LinearitySweep length of oscil-
clusters of small inclusions than eddy current, magnetic patoscope presentation shall be capable of being adjusted to
ticle, microscopical, or macroscopic examination proceduresrepresent 1 mm = 1.27 mm of steel. A minimum of 80 mm of

6.2 Limitation of Inclusion Size and TypeA limitation of  the sweep display shall be linear to within 5% of full scale.
the method is that it will not detect all inclusions. Inclusion Analog output voltage of an indication from a target shall not
chemistry, size, shape, location, and distribution may limit thevary more than+4 % over the gated portion of the sweep
ability of the method to provide indications distinct from those employed in calibration and testing.
generated by the surrounding metallurgical structure. The 8.2.5 Repetition Rate-The repetition rate of the pulser
recommended practice is only meaningfully applicable toshall not be less than 500 pulses per second.
examination of steel wherein the inclusion size and type are 8.3 Search Units—Ultrasonic search units for this test shall
within the detection capabilities of the method. For steelhe spherically focused immersion-type units. Uniform perfor-
wherein inclusion size, dispersion, and chemistry preveninance characteristics of search units are critical for obtaining
optimum inclusion detection by ultrasonics, microscopicalreproducible test measurements. (See Annex A1, which delin-

methods detailed in Practice E 45 may be applied. eates search unit performance characteristics to be met by
search unit manufacturers.) Performance characteristics of
7. Interference search units requiring consideration are: the uniformity of focal

7.1 Reflections from Multiple InclusionsAn ultrasonic  distance in water, center frequency, frequency spectrum, lens
indication can represent the reflection from a single inclusionradius, width of field, and beam symmetry.
however, it typically represents the vector summation of 8.3.1 Focal Length—A focused beam of radiated ultrasonic
reflections from clusters of small inclusions contained within aenergy is recommended to provide lateral resolution of small
volume of a few cubic millimetres. defects and to improve testing sensitivity in the region near the

7.2 Response as a Function of Inclusion TypEhe indi-  focal point. The focal length of a search unit is defined in this
vidual inclusion reflections can have different amplitudesdiscussion as the distance in water, on the search unit axis,
because of different inclusion characteristics. In addition, théetween the search unit and the surface &t an. or 12-mm
individual reflections may have different phase characteristicgliameter ball target at which the highest reflection amplitude
when arriving at the search unit if the travel distances aréndication is obtained. Different focal length transducers may

different. be used to obtain optimum response at selected distances below
the test sample surface. (Variation of search unit-to-specimen
8. Apparatus surface water path would also affect the focal point within the

8.1 Equipment Required-An equipment system with the test sample.)
following components is needed to conduct this test: ultrasonic 8.3.2 Search Unit Characteristies-Search units generally
test instrument, search unit, a means of recording signals ¢fmployed have the following frequency and focal length as
various amplitudes, a system reference block, instrumerurchased:
calibration block, and an immersion tank with suitable scan- Frequency Focal Length in Water

ning accessories. 10+ 0.5 MHz 82z 030 cPgeuments
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A search unit shall be discarded as no longer fit for use whepulse counters, both repetition rate and scanning speed must be
its focal length has degenerated to 7.5 in. (190.5 mm). held within a 5 % tolerance and, preferably, 2 %.

8.3.3 Beam SymmetrrEach search unit should be rotated 8.6 System Reference Bleeld system reference block of 4
on its ultrasonic beam axis (not necessarily geometric axishy 4-in. (102 by 102-mm) cross section is required for initial
until a particular circumferential orientation is found which adjustments and operational testing of the equipment. This
gives a maximum severity, or count, from the system referencéample should be selected to provide reflection signals at all
block. This search unit orientation shall be identified andcounting levels. Depth distribution of inclusions in the selected
employed in subsequent tests. Search units that exhibit varieference block should make its response characteristics rela-
tions in indication amplitude in excess of 15 % during rotationtively insensitive to minor focal length variations between
shall not be considered satisfactory for the test. There are othélifferent search units. The reference block should give a
methods, such as optimum response over a precision arfginimum change in total counts of 10% for each 10 %
uniform taut wire, that have been found to be usable. increase or decrease in amplitude setting. A maximum of 30 %

8.3.4 Performance-The performance capabiliies of all change in count for each 10 % change in amplitude setting
new search units shall be verified by an actual test on thghould not be exceeded. It should be suitably protected from

system reference block. The data obtained for new search unigQ/Tsion to assure its longevity. Thermal conditioning and

should be compared with that obtained for other search unitSUface preparation should conform with the particular test

having the same specifications and tested under identicA1€thod- This block may also serve as a secondary reference

conditions. standard if flat-bottom holes are drilled in accordance with hole
8.4 Immersion Tank and Accessoriedn immersion tank specifications defined in Practice E 428. Holes drilled at

with associated scanning and indexing facilities shall be use arious depths beneath the entry surface permit distance

) ) ) mplitude correction when desired.
8.4.1 Search Unit Angulatior-The tank shall be provided
with a manipulator capable of continuously angulating theg et Specimens

search unit in two vertical mutually perpendicular planes . .
permitting the required normalization. 9.1 General—Test specimens are obtained from wrought

billets and may be either in the rolled or forged condition.
Unless otherwise agreed upon, specimens shall be taken from

assemblies shall provid&-Y motion to the search unit. The . ; .
. . . the first, middle, and last portion of the heat as agreed upon
scanning shall be parallel or perpendicular (depending on thgetween the supplier and the purchaser

procedure) to the test specimen axis and the indexing shall beg.2 Specimen Size and ShapEpecimens shall have a

perpendicular to the scanning. S . . ) )
. : : minimum cross-sectional dimension after preparationyafi3.
8.4.3 Test Specimen MountirgThe tank shall be provided (88.9 mm). The area scanned shall be sufficient to permit

with fixturing permitting the mounting pf the entry surface of testing of a minimum of 25 if(410 cn?) of the specimen. The

the test specimen parallel to the bndge travel SO that th?e ted volume equals the scanned area multiplied by the gated

distance between search unit and specimen remains const pth. This volume is necessarily smaller than the total

within +% in. (0.4 mm). specimen volume. If special consideration is given, thinner
8.4.4 Couplant samples may be tested. Samples thicker than 4 in. (101.6 mm)
8.4.4.1 The inspection solution shall consist of tap orafter preparation also require special consideration.

distilled water to which a wetting agent has been added to 9.3 Entry Surface Finish-The test surface through which

disperse air bubbles. The pH of the water shall be maintaineghe sound enters the specimen shall be machine finished. This

within 7%2 to 82 . Rust preventives may also be added. All finish in any direction over the surface shall be preferably 15 to

chemical additives shall be held within concentrations that d®5 rms (or 0.34 pm to 1.94 um aa). Final material removal may

not adversely affect test performance. Water temperature mugéquire a dressed grinding wheel to avoid spurious, near-
be held between 19.5 and 25.5°C. It is important that excessiv§,rface indications.

thermal gradients do not exist between the search unit and theg 4 Heat Treatment-Thermal conditioning of the speci-
calibration standards. Billet inspeption s_hall.be made withingens generally is required to minimize acoustic anomalies.
17°C of the temperature at which calibration was accom-ypical treatment of medium- and low-alloy steel samples
plished. consists of normalizing at 89°C (nominal) above the;Ac
8.4.4.2 A means of circulating the immersion inspectiontransformation temperature for @ 2 h atheat. An additional
solution shall be employed, when necessary, to dissipate&mpering of high-carbon steels to permit subsequent machin-
thermal gradients. ing is permissible. Certain steels may require special thermal
8.5 Readout EquipmentVarious types of instrumentation treatment such as a double temper to obtain suitable acoustic
have been employed in conjunction with ultrasonic instrumentgroperties.
for many years to determine the number of occurrences of 9.5 Ultrasonic Penetrability—The ultrasonic penetrability
various amplitude indications. These include level countersshall be determined to be suitable for the inspection. The
pulse counters, integrators, strip chart recorders, B-scan r@enetrability is acceptable if the third back reflection of the
corders, C-scan recorders, memory oscilloscopes, and corspecimen is 25 % of the highest level indication, over the
puter techniques. Analog output voltage from the ultrasonicenter of the billet specimen, at standard test conditions and
instrument gate supplies information to these devices. Withest sensitivity. ocuments

8.4.2 Scanning and Indexirg The tank bridge and carriage
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10. Procedure ¥2 in. (12.7 mm) to the prepared surface edge should be
10.1 General avoided because of false echoes from the edge.

. . 10.1.8 Scanning SpeedPermissible scanning speed is a
10.1.1 Operating Frequency-The operating frequency for fynction of counter response and instrument repetition rate. A

most bea.ring steels is. 10MHz. Ten mega_hertz is .re?ommer.'d;ginerally accepted speed is 4 in. (101.6 mm)/s. It shall be
as the h|ghest pract|.c_ql frequency available W't.h'n e_X|st|n_ imited to that which gives a recorded evaluation of a sample
manufacturing capabilities tO_pFOduce_ search units V_V'th UNlithin 5 % of that obtained when the sample is scanned at less
form perform_ance qharacterlstlcs. Hl_gher_ frequencies 9Vhan 1 in. (25.4 mm)/s, or one third of normal operating speed,
petter resolution, while lower frequencies give better penetrag 1. -haver is the slower.
tion. . ) . 10.1.9 Sensitivity—The test sensitivity shall not produce
10.1.2 Normalizing Search Uni-Normalizing the search p5ckground material indications exceeding an amplitude of one
unit beam to the entry surface is a precise adjustment anggif of the lowest counting level.
requires extreme care. Normalizing can be accompll§hed OVer 10.1.10 Operational Performance-Periodically check
billet specimens with parallel ground sides by adjusting for &,era|l equipment performance by conducting a test on the
maximum first far field back reflection in an area where nOgysiem reference block specimen. The deviation permitted
material discontinuities are present to distort the ultrasonigh )| not exceed the variation in counts obtained by altering the
bear_n. 'An alternatlye method_ that has been found useful is t@actronic gain by+10 %. For practical purposes, thel0 %
maximize the far field reflections from a hardened steel platgecironic gain shall be defined as equivalent to the difference
with parallel ground sides, such as a 58 to 64 HRC hardnesg yesponse from ball targets varying by 10 % in diameters.
test block, placed on top of the ground billet surface. 10.2 Description of Methoe-This method is applicable to
10.1.3 Pulse Length-If an instrument has a pulse length the determination of the relative cleanliness of bearing-quality
adjustment, it should be set as recommended by instrumesteel. Equipment, calibration, and method of analyzing test
manufacturers to give the most consistent center frequenggsults have been made as simple as possible within the limits
output spectrum. of having a workable test. An immersed ultrasonic test is
10.1.4 Impedance Matching-Impedance matching be- conducted with a 10-MHz focused search unit, three-level type
tween the search unit and instrument is a necessity. It isounter to indicate test results, steel balls to establish counter
important that the pulse length selected for the test be sdevels, an instrument calibration block, and a system reference
before impedance matching. A method that may be employetlock specimen. The specimen is scanned in a direction
is to determine the cable length that requires the lowesperpendicular to the rolling direction, and counts are recorded
receiver sensitivity to obtain a given amplitude of backonly when the search unit passes transversely over either a
reflection indication, at the focal point or in the far field, from single inclusion or a cluster of inclusions which give rise to a
a steel block or plate. If the instrument has a tuning capacitodiscrete ultrasonic indication exceeding a counting level.
to adjust the input circuit, adjust the capacitor to produce a 10.2.1 Special Equipment and Accessories
maximum indication for each change in cable length. Cable 10.2.1.1 The test instrument shall include a gated analog
length changes should be made in no more than 3-in. (75- mmyjutput voltage circuit with a single adjustable gate. Changes in
increments to avoid possible false resonance indications. If aghe instrument analog output voltage are used to actuate
instrument has two or more input jacks, the impedance matcheadout equipment.
must be determined for the jack suitable for use. 10.2.1.2 Athree-level pulse counter having separate adjust-
10.1.5 Water Distance-The water distance between the able voltage thresholds for each level shall be used to deter-
search unit and entry surface shall not be less than%s in. mine the number of occurrences of various amplitude indica-
(25.4 = 1.6 mm) for every 4 in. (102 mm) of specimen tions. The input circuits to the counts shall employ sufficient
thickness. In no case should the water distance be less tharfiltering to eliminate counter operation from extraneous high-
+ Yiein. frequency signals. The equipment shall have sufficient hyster-
10.1.6 Monitoring Gates—Either single or multiple gates €sis to prevent counting spurious variations (jitter). Hysteresis
may be employed. When specimens are suspected to haveohcounter circuits, at each amplitude level, shall not exceed
nonuniform distribution of inclusions, or when locating spe-5 % of the analog voltage input corresponding to the highest
cific volumes of high frequency of occurrence, special considusable signal level.
eration can be given to inspecting the sample from more than 10.2.1.3 A digital voltmeter shall be used to monitor the
one side. Similarly, if it is desired to detect inclusions imme-analog output voltage of the instrument at each counting level.
diately below the surface, the billet can be cut lengthwise into 10.2.2 Calibration Standards
two equal sections, so that each billet half can be evaluated 10.2.2.1 Counter calibration requires a set of three ball
with the ultrasonic beam entering the surface representing thargets with size ratio of 12:7:4. Stainless steel ball sets with
billet center. The most sensitive evaluation would occur if thediameters o4 in., 716 in., and¥4 in., or 12 mm, 7 mm, and 4
search unit focal zone is near the original billet exteriormm, may be employed.
surface. 10.2.2.2 Test instrument calibration is performed with ei-
10.1.7 Scanning of SpecimenScanning of the specimen ther: @ a 10-mm hemispherically shaped hole instrument
may be either perpendicular or parallel to the rolling directioncalibration block described in Annex A2, dnrﬁl Ys4-in. (0.4-
with a scan index of 0.050 in. (1.27 mm). Scanning closer thamm) flat-bottom hole standard. These referEd@CldtQ @RS
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