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DETECTION OF SURFACE IMPERFECTIONS 
<I> IN FERROUS RODS, BARS, TUBES, AND 

WIRES-SAEJ349JUN80 SAE Information Report 
Report of the Iron and Steel Technical Committee, approved July 1968, completely revised June 1980. 

Scope- This SAE Information Report provides a summary of several 
methods that are available for detecting, and in some instances detecting 
and measuring, surface imperfections in ferrous rods, bars, tubes, and wires. 
References relating to detailed technical information and to specific ap­
plications are enumerated in the bibliography. 

Limitations-Imperfections which are open to the surface of ferrous rods, 
bars. tubes, or wires are the only types considered. Such imperfections in­
clude: 

1. Longitudinal types (seams and laps). 
2. Point types (pits). 
3. Mechanical types (scratches, nicks, and gouges). 

Test Methods for Detection ' 
Visual Examination-Depending upon end product requirements, visual 

inspection, with or without the aid of magnification, is in some cases ade­
quate to detect the surface imperfections under consideration. Conditions 
which limit the size and nature of the imperfections as well as surface quali­
ties are factors to be considered in its application. Visual examination may 
be aided by using surface preparations such as buffing, light grinding, pick­
ling, or blast cleaning using a small particle grit orsand. Sometimes pickling 
is used in conjunction with blast cleaning. 

Liquid Penetrant-SAEJ426 briefly describes the equipment and tech­
niques for detecting surface imperfections using a liquid penetrant. The 
method is generally used for inspecting nonmagnetic materials, but it can 
also be used on ferrous materials. Being a test involving a penetrating 
liquid, it is insensitive to the directional aspects of surface flaws;conse­
quently, it will detect laps, seams, cracks, and similar surface imperfections 
without regard to their orientation. Good indications, however, are de­
pendent upon surface cleanliness. 

Magnetic Particle Inspection-The methods available, recommended 
usage for types of surface discontinuities, and inspection techniques are de­
scribed in SAEJ420. The sensitivity level to be achieved is dependent 
upon the system employed. Magnetic particle inspection is especiaIly use­
ful to find laps, seams, cracks, inclusions, and some mechanical flaws in 
ferromagnetic materials, but it has limited value when inspecting for gouges 
and pits that are circular in nature or too broad to induce a magHetic leak­
age field. Although a clean surface is important for satisfactory indications, 
the shape of the cross section and straightness of the test specimens are in­
consequential in obtaining satisfactory results. However, if magnetic par­
ticle inspection is to be applied to coiled materials, it must be performed 
on representative samples cut from the coils. 

Electromagnetic-Electromagnetic methods are used for the detection 
of surface imperfections. Eddy current and fringe flux techniques are dis­
cussed here. SAEJ425 gives general information relative to the nature and 
use of eddy currents in the broad field of nondestructive testing. This dis­
cussion gives additional information on electromagnetic methods as they 
apply to the detection of surface imperfections in ferrous bars, tubes, rods, 
and wires. 

A distinct advantage of electromagnetic testing is that it can give infor­
mation as to the severity of surface imperfections. This makes it possible 
to establish a quality level of the material being tested by accepting that 
with imperfections not detrimental to the end use of the material and by 
rejecting that with more severe imperfections. The minimum surface im­
perfection which can be detected by electromagnetic methods is determined 
by: 

1. The surface condition of the material. 
2. The type and size of the test coil used. 
3. The test frequency used. 
4. The discriminating capabili ties 0 f the test instrumentation. 
5. The smoothness of operation of the material handling equipment. 

Eddy Current-Eddy current testing is a method of electromagnetic test­
ing in which eddy current flow is induced in the material under test by an 
exciting coil energized with an alternating current. Changes in the flow 
caused by variations in the material are reflected into a sensing coil or 
coils for subsequent analysis by suitable instrumentation and techniques. 

The principle of eddy current testing, simply stated, is mutual induction. 
Mutual induction is the deVelopment of an induced emf in one circuit by 
the change of current in another. Thus, if a piece of metal is placed in the 
field of an exciting coil carrying alternating current, eddy currents will be 
induced in the metal. 

Testing is performed by passing the bar, rod, tube, or wire lengthwise 
through or near the inspection coil, which may contain separate exciting 
and sensing coils or a single coil that may be used for both purposes. The 
exciting coil is energized with alternating current of one or more frequen­
cies. The electrical impedance of the sensing coil is modified by the 

The <I> symbol is for the convenience of the user in locating areas where 
technical revisions have been made to the previous issue of the report. 
If the symbol is next to the report title, it indicates a complete revision 
of the report. 

proximity of the material under test. The extent of this modification is 
determined by the distance between the coil and the material, and the 
electrical conductivity and magnetic permeability of the materi<>l·The 
presence of metaIlurgical or mechanical discontinuities on Lne surface of 
the material will alter the apparent electrical imr-uance of the coil. Dur­
ing passage of the material being tested. ,he test coil induces eddy currents 
in the material and sense. changes in amplitude and/or phase of these eddy 
currents. These Changes produce electrical signals which are amplified and 
lllodified so as to actuate a suitable signaIling device. If variations in mag­
netic permeability exist in the test material, they may cause spurious sig­
nals with some types of eddy current tests. These signals are generally 
eliminated by saturating the test piece with a uniform magnetic field at 
the test coil. 

Two general coil types will be discussed here. One coil type is the en­
circling or feed-through type where the coil or coils are stationary while 
the material is fed through by means of a suitable transport mechanism. 
Either absolute or differential coil arrangements can be used. The dif­
ferential coil arrangement is particularly sensitive to short imperfections 
such as pits, slivers, or nicks. Longitudinal imperfections, such as cracks or 
seams, may be indicated if they are variable. The absolute arrangement is 
sensitive to variables such as material properties, size, shape, and imper­
fections. 

The other type is the probe coil. This type can be made to rotate around 
the material, or the coil can be held stationary while the material is rotated 
and traversed 10ngitudinaIly in close proximity to the coil. The probe coil 
type is reliable and lends itself to mechanization of round product testing. 
The advantages are that no material saturation is necessary; that it is sensi­
tive to continuous, uniform, longitudinal type imperfections; and that very 
shaIlow surface imperfections can be detected. 

Fringe Flux- Fringe (or leakage) flux testing is a nondestructive method 
for detecting cracks and other discontinuities at or near the surface in fer­
romagnetic materials. The method consists of the following steps: 

1. The part is magnetized immediately prior to or during the test to a 
proper level approaching saturation. 

2. A flux sensor containing magnetic transducers is placed on the sur­
face in tIi.e magnetized area. 

3. The part or the magnetic flux sensor is moved progressively at a 
constant speed so the entire surface is scanned by the sensor. 

4. Each magnetic transducer in the flux sensor is connected to an elec­
tronic console which amplifies, filters, and electronicaIly processes the sig­
nals such that significant discontinuities are indicated (visuaIly and audibly) 
then marked with paint or automaticaIly removed from the production line, 
or both. 

The fringe flux test is somewhat similar to a magnetic particle test with 
the flux sensor replacing the magnetic particles. It is somewhat similar to 
eddy current testing in the scanning and capability. The severity of the dis­
continuity can be estimated and a rejection level set with respect to the 
magnitude of the electromagnetic indication produced by the discon­
tinuity. 

If properly applied, this method is capable of detecting the presence and 
location of significant discontinuities such as pits, scabs, slivers, gouges, 
roll-ins, laps, seams, cracks, holes, and imperfections in welds. 

Ultrasonic-Ultrasonic test methods, as described in SAE J 428b, can be 
used for the detection of surface discontinuities in bar and tube products. 
Various adaptations of the basic method are employed. The choice is in­
fluenced by factors such as cross-sectional area of the bar and the size and 
nature of the imperfections sought. Under proper conditions, ultrasonic 
waves can be propagated on and just below the surface of the bar. This 
test mode is particularly well suited to surface inspection. However, sur­
face roughness and cleanliness must be controlled to prevent false deter­
minations. 

In general, ultrasonic inspection is limited to bars and wires greater than 
2.5 mm (0.1 in) in diameter. 

Methods of Measurement-Electromagnetic (eddy current or fringe flux) 
and ultrasonic testing may be considered quantitative in that acceptance 
standards can be established, and the equipment set to reject materials 
having surface imperfections exceeding the predetermined acceptable con­
ditions. Actual deviations from an acceptance standard can be interpreted 
quantitatively, after acquiring experience with the material being tested 
and gaining familiarity with the signal changes resulting from the type of 
imperfection or imperfections being investigated. 

Only the surface length of an imperfection can usuaIly be determined 
from liquid penetrant testing, magnetic particle testing, and visual examina­
tion and are usually interpreted qualitatively. However, some indication of 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 j3
49

_1
98

00
6

https://saenorm.com/api/?name=c288031983500dccc026fce51df11993

