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A UIETHCD OF "RASURING FIUX~-CURRENT 1.0O0OPS
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AFSTRACT: A simple method for ohtalning the response of
marnetic materlals to s mulse exeifation is deseribed, ani o
means of determining the dynamie marnetization loop (puls~~
Joop) froum the interration of 5 wvoltape~time eipve 12 shewl,
The voltage versus tims across a resistor connected in series
with the marnetic core test winding is recorded photegrapnﬁv
cally fror a trirfrered cathode-ray oseilloscope trace
operating at 2 rapid sweep rate. Hauations are presented
showing that *he time reculred to switeh the flux in a2 core

material having a rectangular pulse-loop is proportional %o
tne T1ux chenge and inVH”SelV proportional to the valtaras

app]ied to the core winding ,uring the switching n*acessn

Curves and pulse-lcops of thin-taps mapgnetic cores Tabricuted

from varjonc allovs ara presented, and mhplicatiﬂns of the
tained in thig measurement to ¢ir-

dynamic coercive va1"~ oh
cult design are surpestac
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Since detailed information conceraing the behavior of magne=
tic materials under pulse conditions 1s valuable in many
ordnance applications, this nethod of meezsurcment of dynamic
rulse~lcons of magnetic materials was developed ss one phase
of the development of magnetic materials and components
supported by Taske NUL-MOh=205-1-5k, NOL-Pia=-S6-1-54, nnd
NOL-A8=-1-1-5k%,

This revort was prepared for the information of the Pureau
of Ordnance snd other interested activities. It i3 not
neécessarily intended to be used a8 a basis for action.

A paper rased on this report was presented at the Joint
Meeting of the International Sclentific Radio Union (URSI)
and the Institute of Fadio Engineers (IRE) in Ottawa, Canada
on € October 1953,
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A METHOD OF MEASURTING FPINYCTIAREET 1P
OF MAGNETIC MATERIALS UNDER PUISE RXCITATION
INTRODOCTICKR
a% Since the applicstions of maynetiu materials In high-

freguenecy or sncrtwdur_tion rulse cireults have lIncreased,
there is a freater need for ocuantitative determination of
dynamic mapnetic properties. Pulse transformers and digical
commters emploving marsnstle materials are twe of t MoTS
recent circuit applicaticns of marFnetic materials under pilse
conditions Dynemie nys teresis loops, as cu,tomarily dis-
piayved on bbe screen of a cathode-ray oseilloscopes, are
crtained by the use of an integrating circuit5 and repres
the response of the magnefic core to a sinusoldally varyi:
emf, In cervain appiications, however, it is of interest
to chserve the response of b“e magnetic material tc a souare-

o = i: >~ e~ <= B P T I T
518D k—urul&"" A "““' i ed voltare ., snd %o prossunt ths resulis

#8 a flux-current puisn=]oopa A 3imple metheod of obhtaining
such a pulse-loop is heing used in the Magnetics Division

to study the re ponse of various materials a+ switehing times
of the order of ﬂb;nitude of microseconds. Switching timp iy
defined az the time required for the magnetic core material
to chanre from nepative remunence to nositive saturation,
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ANALYSIS OF FiUX CHANGES IN CORE UNDER PULSE CONDITIONS
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rce such as a dry cell. A meth
aining a flux-current loop from this simple iy
in this revnnrt.

O

Assuming that a previcus magnetization has left the cor
state of nerative remanence (-Bp), and that the polavit
e hattery is such that a positive mapnetizing force m¢1
plied tc the core when the swlteh is closed, = large

s of flux will re=sult as the core Foes from neya11vn
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propor%ional to the voltage across R. If, on the other harg,
previous maprnatization has been such as to leave the core at
nositlive remanence (+R.), the application of a positive curraent
pulze to the core wind ng will cause onlv a relativelv small
enanre of flux as the core poes from positive remsiencs /+F,)
to noglt? saturatlion (vB ), as shown by the heavy lice of

fiyure YA, The current patn as a function of time for thi<

htd
v

gw
w

condition will resemble the curve of figure 4B, In eithe
cage the total area agbove the curve will represent the ze“az
flux chanpe Trom the respective inltial residual statses
b AfTter the swiitech is 2lnzed, W

i 7 the swi
series cironit is:

wherez N iz the mumber cf turns on ths core

/dt is the rate of change in flux in the core in
webers/sescond
I is the instantsneous value of current i reres

E, is the emf of the d-¢ source in volts
If a constant voltare Es 1s applied across a core winding <f
negliginle d=s raecisz +gﬁgg whierh {8 waund on o onre havine s
rectanfFular pulse-=loop characteristic, the time At renuired
to chanye the flux from -g, to +4, is:
oAt = N f\.i‘.’.... s «-—-mgiq B
J'J'D ﬂ:?

shere #£. is the maxlmmm flux. Actually, the voltags across
the cora winding i1s not constant; but is =soual <o E) ~ IR,
fiowvever, by wvarying the parameters B, snd R, the switching
time and ‘he terminal point Hy,, of the flux-current loop can
be varied. If the freocu ency a530u4ated with the switch:ing
time 13 well telow that at wnich fe;:czagﬁetic resdnance
effects bheeome notliceable, the coercive current will, in
general, lncresss as t!e sw*tc%'pn time decreases.

DETFRMINATION OF THE DYNAMIC PULSE-T QOP

rosse the series resistor into
zoiiloscops; toth the megnetizing curr
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applied %o the core and the rate of change of fiux in the core
can re found 28 a function of time. Since IR is the voltage
drop across the reslistor, and ® %g is the veitage drop sceross
1,
% - '1"'J % 9 -1
the cecil winding, the sum of IR pius N 42 rmst be eaual o By,

if the distributed capacitance and leakape flux are negli irible.
Py inteerating the area above the curve in figure 7, the tctai
fiux change occurvinpg froa O to Tl gcorresponding to H1 at T,

is eoual to the area of the shaded portion, since
e
b ™4
| ¥ §F 6t = Nad
- ‘6'

At point TJ, Hy i1s found Trom the value of current at Tl from
the expression:

whers: N i

n

*he mambhar of turns in the coil

-~ ey

i, is the current in amnperes st Tl
Lm ie the mean length of the magnetis path in centi-

meters

The change in flux density 4B corresponding to Hl at Tl 184

£ ia
BRI A §
10 t
- | ot
SHEB - VA S e dt gauss
1
S
S oa Rl oo R s - R34 4 ooy Ft
vheres ge dt is the shaded area above the curve from ¢ to T,
in voli-secondsy A is the cross-section aresz of the magnetie
o B e s B Aoy e O
M Leilad Lfi Qui~o

6. By starting st the ncint 0 in filgure 5, we can plot
successive chanres in flux density wit“ respect to -B, corres-
ponding to values of the ?1eiu H, and so obitain the pcrtimn

of the loop Trom ¥, to *B, as snown by the heovy line in

fipure 3A. If, after the polnt #%, is reached, the swiich

b-J
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iz opened and then yloqu againy the flux will follow the path
B, t5 ‘“m as shown vy ihe heavy iine in fipurs LA, Changes
in flux denai?v may he p1a+faﬂ ve H zs Yefore, using the veltarpa-
Yy gy~ '“‘ 5 Z - ~ = ~ o i B o B
tims curve o Pilrure Uy ¢nly in this c¢ase the changes in flux
density will be with respeet to +B, instead of wbmc The twe

ng

curves will meet at point (+#Hy, +Bp)., The horizontal axis of
the E-H loop will lie midway btetween +B), and -B., and the
roints =B, to +B. to +B. deseribs half “P the symmetrical

it
QMJSﬁ'jﬁOy assnciated ui*h a piven Hy and switching time.

IN TRIME i}

7 The measuring circult is shown in the block diagwran of
figure 7. The circuit was cloused by means of 2 non- chatterin
Western Rlzet ric 238=-4 mercury relay switch operated by mesns

of an external har magnet. Connections to a Tektronix 513-D

nr 517 cathoda rav oseilloscops were made 28 shown The currans

Yrea D

in the cireuit was measured by means of a preecision potentio-

meter across 2 Laeds and Northrup Puresu of Standards Type
1-ohm precision resistor, Ha ia figure 7, and a Wheatstcne
the resistance of Ry pluz R, in

s e .
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2 Thotopraphs of the oscillioscope screen wyere made with a
Prizroid Land oscilloscope camera operated at "vulph"., The
camera shutter was opened manually Just before firing the

-

trirpered sweep Wv closing the relay switch. As the switer
time of the core decreased, thz rate of movement of *hs sp
eross the oseillioscope <ereen hecame too rapid to veplster

~T -

a sinple sweep, and the signal was repeated from one to Pif-

teen times at the faater sweep rates. The corslstencv of
the inmit pulise was sufficilent %to superimpose the traces fTor

1}
)

"
rig
4
-

(el

imes of thres microseconds or less were recordad hy the
extronix ~13-D cseilios copg, even with 1t ,000 wyolts accelera
ting potential on the cathode=ray tube. a camera with a lers

o
£

ny
e =]

sinple line in the photograph. For example, wiien switchiug



set 2t f 1.9, and film with an ASA index of 100, it became
necessary 10 repeat the sweep from ten tc twenty times for a
Jepible trace on the rhotograth. When the last exposure had

i S ey b

a
heen made for the curves. the lens opening was reduced o

£ 1€, the shutter wss opened once more; and the base line of
the praph was estabiished by moving the spot across the
screen by means of the horizontal positioning control.

SUMMARY OF IXPRRIMENTAY RESULTS

G. By properly varying the applied d- ltage and the
resistor in the ser ies circuit, =2 famil f B~H loops mav ba
plctted for ainy piven Hy as in figure 8. The sample used to
obtaln these loops was 20 turns ¢f 5% Molybdemum Permenol
ribbon wound on a .354" diameter hobbi The width of the tape
1s 1/8" and the thickness is 000P°"e(9ddolyhdenum Permenol is a
Wﬂ?uefﬁc alloy mamifactured in the Magneties Division and con-
sts of 5% molyndeﬁum, 79% nicxei, and the balance ironj. The
were taken at an Hy of 1 ocersted, which was obtained with

eady state current of 38.8 milliamperes through 58 turns 3in
ing winding. E and R were selected to give
mes 039, 1.87, and 1 microseconds,
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o shown is the d-¢ hysteresis 100y obtained by the
1¢¢Stic ?a¢vanametcr mﬁth cep° for nne polticﬁ

rtion of the IOOD from +38, fowawa *Br iastpaé
of from +R, to +Bm as was done In the curve of figure 8. The
dotted loops are aprroximations of mlse loaps associnted

with switching times of 1 microsecond and 1. 87 microseconds.

11, Measurements of the lowsr porticns of these loops are
difficult to determine accurately hecsuse cof "ringing" of the
ertical amplifier of the oscilloscope when smploved at hign
sweep rates. Hﬂweverw the coersive force at these fast
switching tlmes may still be determined with a fair degree of
accuracy since rinping occurred in the current-time curve
only at values of time near T = O. The values of By and B;

of all the solid-line curves differ by not more than 5%, whieh

is an indication of exnerimental error encountered in this

method of obtzining fluvecurrent 16675,

12, Figure 9 illustrates how the voltagae-tine
different materlels can vary even though E, (3 volts} and H,

(1 cersted) are the same in all three cases. These three matari
gls are Orthonik (50-50 nickel-iron), Alfenol {(16~-8k4 aliuiinim-
iron} and 5% ﬁcf;buenum Permenol, respectively. The windinz on
each core was 58 turns., The ftape thickness of the Orthonilk

curves of ths

wn

t



xalybﬁenum Permnenol is L0002% . and that of the Alfen
Y. The ranber ¢ T was such that the 1
flux change of the th is was epproximatels
same in roing from =R, tg +Bm5 I e &p} ent Trom th2 cho
praphs that the Majvhdenum Permencl has a mich smaller coercive
foree than the other two wauerials, even though its switching

t;me 1s Taster. Sinece the Melvhdermm FPermenol always has a
mallar cosrcive force associated with a given switehing time,
The voltage drop nmeress the series resistor will be smaller.
This in turn permits a larger veltege to appeay acleso ue
core wirﬁing and will result in a taster switeching time hecause
with a given Tlux change the switching time dscreases az the
i reases.

X : gwilt
voltage across ithe core winding inc
APFLICATICNS AND RiC

13, Care must te taken to see that the useful part of the
trace occupies the most linear porticen of the cathcdewrny tube
screen, EBEnlargements «f the photorsranhs were made by tracing
an enlarged imag. obtuinsd by means of an opaoue projector,
sithough enlargements made from conventional fil
are eoually satisfabtoryo Interration of the
increments was made by tragcing the curves on tlin hs
weighing thecs noriions of The arew on a sensitive chemical
Yalancs. Since the welght per unit area of the paper had
previously, 1t became a simple matter o conve
30 m grams to rauss. Interration by this method
proved to he more accurate and sconsiderably more rapid th
the conventional planimeter methodo
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D
e}
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i%. Practiczl 1imits to the measurement of pulse lcops
determined hy the ratlo of I, to the dynamic coercive fo

-

g
Hao As HC approaches H the vot%aﬁeutime curve for the flux
chanre frox -3, to +Bm ecomes nearly identical with the cur

for +B, to +B_, as shown in {igure 1CA, and the difference
hntween them recomes difficult to measure accurately. When

Ee ¥

Ho is very much smaller than H,, the two curves will be similawr

to filpure 10R. Herel,is difficult to measure because the
thrickness of the Wines is an appreciakr fraction of ¥,

re

v

d1anig 1 CeTVLGH GX g u
Flgure 10C illustrates the tvps of trace whieh will pive the
preatest accuracy in the dseterminsation of mulse joops.
15, If the distrituated c¢spaclitsnce of the coil wind ng is
nepjipibleg the only unper limlts to the maximum sreed at
which pulse--loows may be taken are the linearity and speed
of the sweepn bixﬁuiu end the i“CaILLY and resvonse or The

]

4

vertical HMPLLJ$LL of the n~scili
extremely rapld rise times, sinc
to +Bm produces a rapid rise of

times.

Gs t:_‘f\ uu uigna,.LS \'Jj (,7"
& he :1ux chanre Trom +12

. .!.,

current at the fas ?er switching



360 Py empioving the simplie proceture Just
mate ecirvendt parameters necessary to achieve & oivvq Jwgtq
""‘9 and I’ ax ey re determined. T alection of the mos
anprnnrwta mrtarial fer a siven applﬁ_ﬁgti,}r’ cusl an o ;:ﬁ_"..c ta
commter element, can pe facilitated when the dynanie i Si3em
Jeop is availatle for detaile: study. Compsrative estiznios
of power loases of different corz materials can easiliy |« unds
when the dvnamic coercive foree associated with a given
awlt:%in? time for each material 1s known, and once the relis-
tion tetween the various dynamie coercive currents and switehing
times of a ¢nil are known, it is peosslble to predict the
tehavior of the ¢oll when emploved as & rulse transformar.

t oullined, appr. §
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