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WATTOTOWN ARSMAL LABORATORY 

MEMORANDUM REPORT  NO.   WAL OgO/5 

(Problem üo.  M-U.6) 

12 February 19U5 

i-ia^Ptlc Particle Testing - Control of 
Magnetization 

Th»-^eneraA Bleetrlc Magnetic fiel''. Gage 

INTRODUCTION 

The report presented herein  is an abstract  of a report based 

on experiments performed with the fteneral Electric Magnetic Field Gage 

by the Ma^naflur Corporation.    A brief introduction to this work is 

presented in the following. 

A deficiency of the magnetic particle method of inspection at 

the present time is the lack of uniformity of results when the test  is 

aojlied to  steel  of varying thickness  or  to steels  of different  compositions. 

Existing specifications require that  the current used for magnetization be 

metered and maintained between certain limits which may vary depending 

upon the  items to be  inspected and the technique employed.     It has been 

acknowledged by workers  in this  field that measurement of magnetizing 

current does not  insure comparable test results in all cases.     For example, 

when steel  is magnetized for magnetic particle inspection,   the distribution 
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of current between electrical contact• .ay .ar,r 4epen4tnc upon the 

potltton of thete electrical contact• and, thue, the m&~nettc flux 

dl1trtbutton .arlee. Vartatton• tn m&«nettc flux dittrlbution froa 

one ... ple te1ted to aaother probably account tor the difference ta 

powder pattern• on theee eamplet. !be ~&me dlfftcult7 .. 7 be encouatered 

whea coaeldertnc onl1 one .. mple teeted bJ ·~•eral operator•. !bit 

deflcienq of •sneUc part tcle tett1ac at tt h carried out at the 

pretent tt .. .at pointed out in the uapubliahed work of Mr. J. l. Cotton• 

who atteapted to e.aluate the .ariat1on 1n •cnettc flus ln eamplet of 

A aolutton to thie problea which bat been offered iaYolYel 

the meaturem~nt of aome quantity eueh at magnetic flux 11'1 the apeclaen, 

or aagnettc leakace field 1trength in the air directly abo.e the 

.urface under intpeetion which would be aore dlrectlr related to the 

occurrence nf sacnettc particle pattern• than the current aeatureaent. 

of the ca1ting. A tpectttcatlon atcht then be written to require a 

definite minimum ~ltude of thia quanttt7, eay mB«Detlc flux, for the 

detection of 4efecta in a tTP• of .. aple aad the latpector .. 7 adJu•t 

bta ~etlslng technique to obtain thlt alal.ua .alue at aay potat oa 

,, 

0•~ ... bal &Ueaptecl to deyelop a nltable la1tn.eat which wcnald be 

• 
1 *«aet1c PCMler Jaepectloa of I.arp Ca•ttac•• , a paper pre•nte4 'J 
Mr. Joba r. CoUoa at \be ~ IIMtlac of the JMrloaa ro•4ryan1 1 
Aa•ocl~ttoa, Buffalo, I. T., jprll 25-2!, 19-.. !hll .,.,_r hal aot 
7et ben PQblilhet; · 
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adaptable to this problem.  As an approach to the problem the abovp 

company has altered an instrument already developed as a magnetic film 

thickness gage.  The thickness gage consisted of an inductance bridge 

calibrated in terras of the thickness of nonmagnetic coatings on magnetic 

materials.  A nickel iron shunt strip was added to the existing gage 

head arm of the bridge and the calibration of the meter changed to 

arbitrary "magnevic field units".  It is understood that it has been 

admitted by the G-enerfll Electric Company that there is no certainty as 

to Just what quantity the Magnetic Field Gage measures.  It has, however, 

been offered as a possible solution to the problem cited above. 

Upon completion of the development of the field gage, 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 investigation of the device 

by the Magnaflux Corpor«tion has been studied, abstracted, and is 

discussed in the following pages. 

. ..   ■...■ M*m*t*imäi —ünr-irrf rfft-nm .iiriii»!iiitfiiAMMrtliilillitiiiüLiiiii 
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SUMMARY OF RESULTS AND DISCUSSIOH 

1.  Thfior/ of Oppratlon 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 

of exoerimenta explained the meter reading on the basis of a change of 

inductance of one of the arms of the bridge, this being brought about 

through a change in the magnetic flux in the nickel iron strip shunting 

the gage head coil. Piscine the nickel-iron strip shuntins the gage 

head in contact with a magnetized specimen causes a shunting of at least 

a portion of the magnetic flux in the specimen through the nickel-Iron 

strip. Thus, the flux through this strip and the meter readings are a 

function of the flux in the specimen and possibly also a function of 

the ratio of permeabilities involved in the strip and the specimen 

beneath the strip. Although the report stated that experiments showed 

the meter reading to be a function only of flux in the nicftel-iron strip 

and not a function of the ratio of permeabilities, the experimenta are 

not described in such a way that the conclusion is an obvious one. 

Experiments were performed, however, which showed that the meter reading 

is proportional to magnetizing force or applied current in the specimen 

rather than proportional to magnetic flux in the specimen.  It is pointed 

out (see Tiers. 7, 8, and 9) that although gage readings are proportional 

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

a knowledge of the gage reading and magnetization curve (H vs. flux) since 

the constant of proportionalitv varies from one steel to another. 
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Tests showed that the e;ae;e cannot be used with coil or cahle 

wran ilna; magnetization since the lar^e leakage field from the -na^netlzlns; 

cables influences the meter reading. A statement is also made to the 

effect that leakage fields from the current alone when usins: circular 

magnetization have negligible effect on meter readings.  The experiment 

leading to this conclusion is not explained In sufficient detail to 

make the conclusion evident. 

It is pointed out that correlation between gage readings and 

magnetic powder patterns is good for surface defects but the correlation 

in the case of subsurface defects is not very good. Here again, for sub- 

surface defects, the experiment performed is not explained clearly enough 

to permit an understanding of how the conclusion was reeched. 

In view of the uncertainty of this work it Is contemplated that 

a program of Investigation will be undertaken by this Arsenal In an 

attempt to more clearly define the usefulness of the General Electric 

Magnetic Field Gage to the Ordnance Department. 

n 

C.   H.  Hasting?/ 
Pfc.,  Ord.   Degrt. 

Approved: 

W M i/tyh? 

Chief, Research Division ^f 
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Summary of 
-xperlments Periormed  With the 

General ülectric Magnetic Field Gage 
By -♦fee 

Maga&flux Corporetion 
Chicago,   Ulinoie 

IT. 
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The purpose of the work summarized herein, as reported 

by the Hagnaflux Corporation, was to determine, if possible, the 

advantages and limitations of the ftenernl electric Magnetic Field 

Gage, Catalog No. !J92023OO6. 

A schematic diagram of the gage is shown in Fig. 3.  ^ 

operation, the gage head (Coil FE) is placed 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 bridge circuit for the high or 

low range as selected.  The m»gnetizinf current (D.C.) is then passed 

throvgh the metfil 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. bridge 

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 sueclmen being examined or 

possibly also a function of the ratio of permeability of the strip to the 

■ 



.ua of the per•eabilit7 of the atrip and the pe~billt7 of the metal 

beneath the etrip. 

To teat thia theory of operation as offered in the report•, 

exper1•enta were performed ueing a aet up as depicted in Fig. 4. 

•en• represents the metal to be examined; "B" a -cneth1ng coil; "A" 

a coil associated with a flux meter; and •FE• the gage bead coil. The 

ahuntiD« effect of a07 .aterial directly below the nickel-iron atrip 

has been eliminated b~ using an air ~p. The nickel-iron strip aimpl7 

shunta the flux across this ~ap. The flux through the atrip vas 

measu ed for yarious ma~etizing coil currents (three coil "B") by 

means of the flux meter. The gage was turned off durin« this •eaeure-

ment t o preTent induotiTe pick up in the flux meter coil •A• fro• the 

gage coil FE through which alternating current pasaea wb~n the gage is 

in operation. The relation between flux in nick 1-iron strip Ts. cace 

readings is ahown in Fig. 5. OurTe 1. The relation betweea magnetising 

current through coil "B" and flus in nickel-iron atrip ia abown in 

Fi~. 5. Curye 2. Fig. 6 shews a plot o~ .acnetizing current tbr~ 

coil "B" againlt gage readings. An inspection of these curTea indicates 

tha t the gage readings are proportional to magnetizing current or 

magnet iz i n force f or one piece of ateel teated. 

To determine the shunting effect of material beneath the 

nickel-iron etrip, a similar teat was performed using a hot-rolled ateel 

cvlinder as a speci•en. A gsge readin f 4. 4 was taken againet a flus 

meter reading of 720 maxvelle in the nickel-iron strip. Fro• curye 1 of 

lig. 5. a gage reading of 4.4 correaponde to a flux of 725 maxwell• in the 

•!2!£: It h bel ieTed tbat thh h \a.e Map•fcl.w C..-,..•UGB'' theory of ~ 
operation of the inatru.ent. ,. 

-2-



nickel-iron  atrip,   thus  indlcwtine; that   Idea of ratio  of perneabllity 

la the strip to the permeability  of the  apecimen  is not  valid as in- 

fluencing the gage reading.     It  la the  change in permeability of the  strip 

alone th?t  gives rise to  the eage readings. 

Fig.  7  shows a plot  of #.  B.   gage readings vs.   flux In 

cylindrical  specimens.     Flux '.-as measured by wrapping apveral  turns 

of wire  through the cylinders.     Magnetizing current was pusred through a 

central  conductor.     For  curves 1,   3.  aad U the flux was measured with a 

fluxmeter.     For cnrve #2,  flux was read from a magnetization curve for 

the mflterial after  calculating H • ci/lOf .   "ersteds, tiowing current 

and radius of rods.     Fig.   8  shows gage  reßdinge 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  flux  from gage reading and magnetization curve  since the curves 

for gage reading vs.   flux and H vs.  flux do not always coincide  (See Fig. 9). 

Fig. 11  shows an Irregularly  shaped part.    Gage readings were 

taken at different points on the surface when the prods were placed at 8 and 0. 

Tests were made to determine *fe« effect *# leakage fields from 

parts being magnetized would have.    The O.E.  gage cannot be used with coll 

magnetization because of large leakage field.     If the gagp head is placed 

on a copper rod carrying l600 amps,   the meter reads off scale.    However, 

co the leakage fields from the current alone in circular magnetization has 

negligible effect on meter readings;  e.g.,  if gsge head is placed on a 1-1/2" 

radius steel rod carrying 700 amps parallel to its axis,   the meter reads ^.6, 

If the gage  is held In the air l-l/2H  from the center of a small copper rod 

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

-3- 



' . . 
dhtance froa t he r od (or nearly s ). Check a were made on a railroad 

rail and on an angle iron. o f f ect of l eakage froa filleta was noticed 

with the railroad rail; howe. r , the aeter read higher on the inside of 

t he angle iron than outaide. Angl e iron a a&&netized b,y passing current 

through betw n cont ct heads which should g i ve unifora flur through the 

section. The effect of leakage at the fillet wa not iceable in this caae. 

To aacert in correlation between gage readings and aacnatlux ia-

dications, the following wa r ported. At position 3. Fi g . 11, ia a .urtace 

laaiaation which can be found when using \ he residual aethod with 500 aape . 

D.C. with prods spaced 2" on either aide of the defect. At position 3u, 

i s a defect which ia detected with alailar eaae b,y the eaae aethod. Bowe.er, 

gage readi a are yery auch different (See reading tor 3 and 3u - Jig. 11 for 

~5 aapa.) When •pethed 1D the ..... •uer ud powder a pplied, the 

correlation between I&C8 read~• and powder tndicationa ia cood (See Fig. lJ). 

lor .ubaurfa ce defects, threlhold powder indications do not correlate Yery 

well (See Fig. 13). 

The coapariaon between eace reading• at pointe 1 and 2 with 

and 4 of Fig. 11 waa at firat queation d with re,ard to detectabili~ at 

these pointe. fUrther conaideration of t he ahape of the part led to the 

belief that the gage aipt not be ao far off at that. !!ail lead to data 

lhown in Fig. 141 a-ce readinc• Ya. thtekneaa. llote abarJ increaee of _... 

reading• betw~n 5/8• and 3/U" th1ckneea. Tbia .ariation ee .. a iaproba,le. 

1\ aight be related to the length of the aapettc emmt which h J/4• \etween 

contact polata. 

I 
!4Jaa'!cet 

.. 
1. e..z. gacc he• approd te id• it conditione are right 

to show defects. " 

' " 2 . ·GiYea direction of flux 

- 4-
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• 3. Indicate• exceasiYe current, thua pre•ente oYer-
heating of part bin& exam ned." 

IJ . Standardization sed on .a. «&ee could be 
definitely helptul for certain parta.-

Liaitatlone 

1. ot good for A.C. macnetlaation 

2. ot good for balf ~Ye rectified current 

3. Reading• depend on .urface conditDD and cleanllneee. 

5. Care and pree.are required in placinc ~«e head to 
get conai•tent readinge. 

6. ot g ood with coil or cable wrapping aetbocl. 

7. Leak e eo .. tiaee interfere• when circular .. tbod i1 ueed. 

8. 08.«e doesn 1 t haye hlsb eno~ rtln&e for nbiJUJ'face defect e. 

9. ot ood for reeidual aethod. 

9Be•Uoa• Baited llr Work 

1. Doee a ~e r•ding of 2 on ca.t tron .ean that a crack oan 
be fOUDd 1 well • in hot-rolled ateel with a readln& of 21 
(See Ft._ 9, 15, and 16). Flux data in Jig. 16 oalculatecl 
fro• cur••• of ftg. Gage readlnc• correlate 0.1. with 
-.gnaflux pattern but not with flux. Pouible that the flux 
.aluea were calculated udng wron curve for the .ubject 
•terlal. 

2 . What deteratnea the det ctabilit7 of a defect! 

3. Row does nu% in a bar ry with thtclmeul 

!he Ol'l«l•l repor\ ... etpecl 'r r. Grell' w. Cooa, u'ecl 
Sept .. ber 22, 1944. 
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(FIGURE 11) 

lUgn*tl»«i at 245 

Position     InchM from right 
Nuaber hmnd prod at 0 

2-1/4" i 
4-7/8 

i        , 6-1/2 
7-1/2 
9-1/4 

10-3A : 

■ 

thicknosa 
of plate 

;. gage readings 
side under side 

' 17/32 
3-5/8 
3-1/8 
1-3/4 

3/8, lA, 5/8 
1-1/8 

etlBln«r Current. 

Position 
Number 

thickness 
of olate  sass 

'. on under side 
;thickness the samel 

17/32- 
3-5/8 
3-1/8 
1-3/4 

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

.7* 
1.7 
2.4 

W 
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1   . 3 1.2 i^ 

WO - 3U .1 non• 
150 ^ 

6, plu« 
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ij 600 
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A dirf«-«t pl-in, of nn^. bro«^ oat indicatK-i -r. d.f^t - .bout 
1/8 inch 4—p u«ln« 2£0 •*>«. ^ 

.r^^^ 260^. 5.0 thj^hol* 1 prod 2j* m»j - 
1 ^irod      9" «WJ 

both prod« 2i" *■*/ 200 «v. ^-^ Location 

. 3/8- .ub.«rr.o. «Id d.f-t at cT.t«- of 7j inch loo, pl-t., 12 1«* -id., 

! rods pl^»«i ****& 1-Ln# of ,r^d- 
D«fact paraliAl to «old. 

4"  aMay fro«, dafact 
3i-    -       - " 

600 a«pa. 
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thrc«' old 

thr»«»old 
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