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WATERTOwWN ARSEYVAL LABORATORY

MEMORANDUM REPORT NO. WAL 020/%

(Problem No, M-k, 6)

12 February 1945

Magnetic Particle Testing - Control of
Magnetization
The-General-Electric Magnetic Flel’ Gage

INTRODUCTION

The repnrt presented herein is an abstract of a report based
on experiments performed with the Generai Electric Magnetic Field Gage
by the Magnaflux Corporation. A brief introduction to this work 1s
opresented in the following,

A deficlency of the magnetic particle method of inspection at
the present time is the lack of uniformity of results when the test is
anslied to steel of varyine thickness or to steels of different compositions,
Existing specifications require that the current used for magnetization de
metered and maintained between certain limits which may varv depending
upon the items to be inspected and the technique emploved. It has been
acknowledged bv workers in this field that measurement of magnetizing §
current does not insure comparable tes! results in all cases, For example,

a4
when steel is magnetized for magnetic particle inspection, the distridbution ‘
]
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of current betwveen electrical contacts may vary depending upon the
position of thqne electrical contacts and, thus, the magnetic flux
distridution varies. Variations in magnetic flux distridution from
one sample tested to another probadbly account for the difference in
powder patterns on these samples. The same difficulty may bde encountered
vhen considering only one sample tested by several operators. This
deficiency of magnetic particle testing as it is carried out at the
present time wag pointed out in the unpudlished work of Mr, J, F, Cottor*
vho attempted to evaluate the variation in magnetic flux in samples of
varying thickness.

A solution to this problem which has been offered involves
the measurement of some quantity such as magnetic flux in the specimen,
or maznetic leakage field strength in the air directly above the
surface under inspection which would be more directly related to the
occurrence of magnetic particle patterns than tho' current measurement,
This quantity should be measured locally at various points on the surface
of the casting., A specification might then de written to .roquiro a
definite minimum magnitude of this quantity, eav magnetic flux, for the
detection of defects in a type of sample and the inspector may adjust
his magnetizing technique to obtain this minimum value at any point on
the sample, it /

In an effort to materialige the above idea, the-Gemerel-Blectric

Comwany has attempted to develop & suitable instrument which would de

¢ "Magnetic Powder Inspection of lLarge Castings®, a paper presented by
Mr, John F, Cotton at the Annual Meeting of the American Foundrymen's
Association, Buffalo, N, Y., April 25-28, 1944, This paper has not
yet been pudblished,
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adaptable to this problem, As an approach to the problem the above
companv has altered an instrument alreadr developed as & magnetic film
thickness gaze, The thickness gage consisted of an inductance bridge
calibrated in terms of the thicknests of nonmagnetic coatings on magnetic
materials, A nickel iron shunt strip was added to the exlsting zage
head arm of the bridse and the calibration of the meter changed to
arbitrary "magneiic field units", It is understood that it has been
admitted by the Generalelectric Companv that there is no certainty as
to just what quantity the Magnetic Field Gege measures. It has, however,
been offered as & possiple solution to the problem cited ebove,

Upon completion of the development of the field gagze, Watertown
Arsenal became interested in its application to specification requirements
in the hope that it might be possible thereby to attain more consistent
test results, The report of a preliminary investization of the device
by the Magnaflux Corporation has been studied, abstracted, and is

discussed in the following pages.
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SUMMARY OF RESULTS AND DISCUSSION

1. Theorvy of Operation of the Magnetic Field Gage.

The theory of operation of the gage which was offered in
the original report and which had been formulated before the performance
nf exneriments exvlained the meter reading on the basis of a change of

i inductance nf one of the arms of the bridze, this being dbrought about
through & chanze in the masnetic flux in the nickel iron strip shunting
the gage head coil, Placing the nickel-iron strip shunting the gage
head in contact with a magnetized specimen causes 2 shunting of at least
i a portion of the magnetic flux in the specimen through the nickel-iron
striv, Thus, the flux through this strip and the meter readings are a
function of the flux in the specimen and possibly also & function of

tae ratio of permeadbilities involved in the strip and the specimen
heneath the striv, Althoush the report s*ated that experiments showed
the meter reading to be a function only of flux in the nickel=iron strip
and nnt a function of the ratio of permeabilities, the experiments are
not described in such a way that the conclusion is an obviéus one,
Experiments were performed, however, which showed that the meter reading
ig proportional to magnetizing force or applied current in the specimen
rather than proportional to maenetic flux in the specimen, It is pointed
nut.(see Fies. 7, &, and 9) that althouzh gage readings are proportional

to 4 (magnetizing force) one still cannot predict flux in a specimen from

020/5

% knowledee of the sage reading and maemetization curve (H vs, flux) since

the constant of proportionslitv varies from one steel to another,
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Tests showed that the gage cannot be used with coil or cable
wran 'ing magnetization since the larege leakage field from the magnetizing
cables influences the meter readinz, A statement is 2lso made to the
effect that leakace fields from the current alone when usinz circular
magnetization have nezligible effect nn meter readinzs. The experiment
leadinz to this conclusion is nat exnlained in sufficient detsil to
malke the conclusion evident.

It 1is pninted out that correlation between gage readings and
magnetic powder patterns is good for surface defects but the correlation
in the case of subsurface defects {s not very good, FHere again, for sub-
surface defects, the exveriment performed is n»ot explained clearly enough
to permit an understanding of how the conclasion was reecched.

In view of the uncertainty of this work it is contemplated that
a progrem of investization will be undertaken by this Arsenal in an
attempt to more clearlv define the usefulness of the General Electric

Magnetic Field Gagze to the Ordnance Department.

O #Mﬁ‘?\zf\)

C. H, Hastingg/
Pfc., Ord. Deg%.

Approved:

., H. Lester

Cﬁief. Research Division é;x;?—

. X
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Summary of
~xperiments Periormed 7ith the
General Electric Magnetic Fleld Gage
By $he
Magnaflux Corporation
Chicago, Illinois

The purpose of the work summarized herein, as reported
by the Hagnaflux Corporation, was to determine, i1f possible, the
advantages and limitatione of the General rlectric Magnetic Field

Gage, Catelog Yo. $920230G6.

A achematic diagram of the gage 1s shown in Fig. 3. In
cperation, the gage head (Coil FE) is pleced on the specimen or
metal surface to be magnetized in such a position that the magnetic
shunt (nickel-iron strip) is in contact with the metal surface. Adjust-
ment of the meter to zero balances the bridgze circuit for the high or
low range as selected. The magnetizing current (D.C.) is then passed
throveh the metsl and the meter reading noted. According to theory,
the D.C. flux passing through the shunt strip on the gage head causes
a change in the permeability of this strip and thus a change in the in-
ductance of the coil in the gage head. This change in inductance un-
balances the bridge and causes a deflection of the meter. The A.C. dbridge
current is rectified before application to the meter., Since the nickel-
iron shunt strip acts as a shunt for the D. C. flux in the metal
immediately below it, the flux through this shunt and thus the meter

reading is a function of the flux in the specimen being examined or

possibly also a function of the ratio of permeability of the strip to the
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sum of the permeability of the strip and the permeability of the metal
beneath the strip.

To test this theory of operation as offered in the report®,
experiments were performed using 2 set up as depicted in Fig, U,

“CD" represents the metal to be examined; "B" a magneti:ing coil; "A"

& coil associated with a flux meter; and "FF" the gage head coil. The
shunting effect of any material directly below the nickel=iron strip
has been eliminated by using an air gap. The nickel-iron strip simply
shunts the flux across this gap. The flur through the strip was
measured for various magnetizinz coil currente (three coil "B") by
means of the flux meter. The gage wae turned off during this measure-
ment to prevent inductive pick up in the flux meter coil "A" from the
gage coil FE through which alternating current passes when the gage is
in operation. The relation between flux in nickel-iron strip vs. gage
readings is shown in Fig. 5, Curve 1. The relation between magnetizing
current through coil "B" and flux in nickel-iron strip ies shown in

Fig. 5, Curve 2, Fig. 6 shows 2 plot of magnetizing current through
coil "B" agzainst gage readings. An inspection of these curves indicates
that the gage readings are proportional to magnetizing current or
magnetizing force for one piece of steel tested.

To determine the shunting effect of material beneath the
nickel-iron strip, a similar test was performed using 2 hot-rolled steel
cvlinder as & specimen, A gage readingz of L. L was taken against a flux
meter reading of 720 maxwells in the nickel-irom strip. From curve 1 of

Pig. 5, a gage readinz of 4.1 corresponds to & flux of 725 maxwells in the

*NOTE: It is believed that this is the Magnafiux Corporation's theory of
operation of the instrument. s

-2
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nickel-iron strip, thus indicating that idea of ratio of permeadbility
in the strip to the permeability of the svecimen is not valid as in-
fluencing the goge rending. It is the change in permeability of the strip
alone that gives rise to the gage readings.
Fig. 7 shows a olot of &, E, gage resdings vs. flur in
cylindricel specimens. ¥lux was measured by wrapplunz several turns
of wire through the cylinders. Magnetizing current was pasced through a
central conductor. For curves 1, 3, and U the flux was measured with a
fluxmeter. For curve #2, flux was read from a magnetization curve for
the meterial after calculating H = 21/107 . Tersteds, L-owing current
and radius of rods. Fig. 8 shows gage readinga plotted against H as
calculated from above formula, It is obvious that gage readings are
proportioned to H and not B for any one composition or type of steel.
However, the slope of the curves in Fig, 8 is different. Thus, one cannot
predict flury from gage readinz and magnetization curve since the curves
for gage reading vs. flux and H vs. flux do not always coincide (See Fiz. 9),
Fig. 11 shows an irregularly shaved part. Gage readings were
taken &t different points on the surface when the prnds were placed at £ and O.
'Tests were made to determine“ﬁgé effect of leakage fields from
parts being magnetized would have. The 0.F, gage cannot be used with coil
mi.gnetization because of large leakage field. If the gage head is placed
on a copper rod carrying 1600 amps, tl.e meter reads off scale. However,
the leakage fields from the current alone in circular magnetization hae
neglizible effect on meter readings; e.g., If gage head is placed on a 1-1/2"
raedius steel rod carrying 700 amps parallel to its axis, the meter reads 1.6,
If the gage 1s held in the air 1-1/2" from the center of a small copper rod

carrying 700 amps, the meter reads the same as it does at an infinite

_j—
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distance from the rod (or nearly so). Checks were made on a railroad

rail and on an angle iron. No effect of leakage from fillets was noticed
with the railroad rail; however, the meter read higher on the inside of
the angle iron than outside. 4Angle iron was magnetized by passing current
through between contact heads which should give uniform flux through the
section. The effect of leakage at the fillet was noticeable in this case.

To ascertain correlation between gage readings and magnaflux in-
dications, the following was reported. At position 3, Fig. 11, is a surface
lamination which can be found when using the residual method with 500 ampse.
D.C. with prods spaced 2" on either side of the defect. At position 3u,
is a defect which is detected with similar ease by the same method. However,
gage readinzs are very much different (See reading for 3 and 3u - Fig. 11 for
465 amps.) VWhen magnetized in the same manner and powder applied, the
correlation between gage readings and powder indications is good (See Fig. 13),
For subsurface defects, threshold powder indications do not correlate very
vell (See Fig. 13).

The comparison between gage readings at points 1 and 2 with
3 and U of Fig. 11 was at first gquestioned with regard to detectability at
these points. Fuarther consideration of the shape of the part led to the
belief that the gage might not be so far off at that. This lead to data
shown in Fig. 143 Gege readings vs. thickness. Note sharp increase of gage
readings between 5/8" and 3/U" thickness. This variation seems improbable.
It might be related to the length of the magnetic shumt which is 3/4" between
contact poiamts.

Advantagey

1. “0.I. gage zives approximate idea if conditions are right
to show defects."”

2. “Olves direction of flux

=, i
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‘Indicatu excessive current, thus prevents over-
heating of part being examined.”

" Standardization based on ‘.8. gage could be
definitely helpiul for certain parts.”

Limitations

Fot good for A.C. magnetization

Not good for half wave rectified current

Readinge depend on surface condition and cleanliness.
Gage head is fragile.

Care and pressure required in placing gage head to
get consistent readings.

Hot good with coil or cable wrapping method.
Leakage gsometimes interferes when circular method is used.
Gege doesn't have high enough range for subsurface defects.

Kot gzood for residual method.
€8 Raige W

Does a gage reading of 2 on cast iron mean that a crack can
be found as well &s in hot-rolled steel with a reading of 210
(See Fig. 9, 15, and 16). Flux data in Fig. 16 calculated
from curves of Fig. 9. Gage readings correlate O.,K. with
magnaflux pattern but not with flux., Poseible that the flux
values were calculated using wrong curve for the subject
material,

What determines the detectability of a defect?

Row does flux in & bar vary with thickness?

The original report was signed by Mr. Grant ¥, Coon, dated

September 22, 19Lk,
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Magnetiszed at 245 amps. d

 Position Inches from right thickness \ e gage ﬁaﬁnga
Number hand prod at O of plate %gLs:Ldo under side

2=1/4" 3/8"

A-7/8 ) 17/32 _

6-1/2 3-5/8 A

7-1/2. 3-1/8 - % b

9~1/4 1-3/4 7

10-3/4 3/8, 1/4, 5/8 .

13 1-1/8 off
A}

465 Amps, Magnetizing Current.

Position thiclness b "7 ", on under side
Number of plate _Rage (thickness the same)

3/8n %o
17/32" 3.8
3-5/8 5.2

. 3-1/8 4.8
. 1=3/4 C he2

3/8, 1/4, 5/8 . 3.8
1-1/8 ‘03
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AMPS. Nagnetising Currest ¥X 1ndieation
. \ (eontinuous method)
m Ll , 1.2 M
150 . x - none
600 s 3 6. plus very good
600 2 3u 1.0 scall
900 " u? 1ed good
CORRIIATION Off XEJD DEFICIS

\ Fan,

-

C.Ry S bar 2-3/4 z 148 x 12* long

600 amps. neseseary to show

A different placing of nrods. brought
1/8 inch deep using 260 amps.

1 prod 2)* amay " 260 amp.
1 prod 9" sy

both prods 21" away 200 amp.

A 3/8" subsurface weld defect at center of 74 inek long ;late, 12 inch wide,

! pods placed along line of wald.
Defect jarallel to weld,

Prod (opitiong hagnetising “urrent
4n away from defect 600 amps.
):‘l ” » ] ” 1"
l%n " n " m "

33U

CORRELATING GAQE RIADINGS "ITH NAGMATLUX iNDICATY M

stmlunnOlc

up a subsurfaos,
deep. 400 amps. gives ayy off scale reading

- ..Readihg

artifieial inclusion about 1/4"
(6 plus)

out indicstion where defect was about
i {
o,
L. aRegding KX indication
indicatim
3.8 tohr“hOld
{ndicatiorn

Gaze imdinge indicetion
2.7 threatold
1.9 threshold
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