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By JOHN H. FASAL

With this adapier the properties of magnetic materials can be displayéii .

on a scope and evaluated for use

HEN designing or experimenting with transform-
ers and inductors, it is nseful to he able to deter-
mine magnetic characteristics of the laminations.

This hysteresis-loop plotter is a simple device that can be
used with a low-frequency scope and a power supply with
an output of 100 v. @& 23 ma. d.c., and 6.3 v. at 1 amp., a.c.
Batteries mav also be used instead of a power supply,

In spite of its simplicity, the loop plotter has many features,
the most important of which are the following: (1). Therc is
no need to specially prepare sample material as long as it
has a %7 diameter hole. (2). Only a few laminations are
necessary to obtain reliable results, (3). The hysteresis loop
can be displaved on the scope face as a motionless Lissajous
figure and may be easilv copied or photographed. (4). The
device may be calibrated for absolite measurements of mag-
netic-iron characteristics if the flux of the test sample is con-
sidered equally distributed over the whole magnetic puth.
Toroid coils are particularly suited for such absolute hystere-
sis measuremerits.

Principle of Operation

Refer to Fig. 1. In series with the primary of a one-turn
transformer (T2) commected to a sinusoidal voltage ¢ is a
resistor, R, the voltage drop ¢» across which is proportional
to the mugnetizing current 7.. This current produces in the
luminations under test a magnetic flux that has an instanta-
neous value ¢. The flux, ¢, and the magnetizing current ix
are nof proportional to each other; their relation is defined
bv what is called a “hysteresis loop,”

Across the secondary of T2 will be a voltage ¢. which is
proportional to the instantaneous rafe of (,'h(mgc of the mag-
netic flux. It is beyond the scope of this article, but it can be
shown mathematically that voltage ¢., when inlegrated, is
proporlional to the instantaneous value of the flux, ¢. In
practical terms this means that ¢. after integration is pro-
portional to the instantaneous value of the magnetic flux in
the iron. To produce a hysteresis loop on the screen of the
scope, the input to the horizontal amplifier is the voltage
drop across resistor R, horizontal deflection at any moment
is proportional to the magnetizing current, iw, and the vertical
deflection is proportional to the instantaneous flux ¢, or in-
duction.
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as cores of chokes or transformers.

The integrator circuit (RI0 and C5) is an RC nelwork
similar to a low-pass filter, There is an important condition
that must be satisfied for the integrator to work properly.
The capacitive reactance X, of C5 relative to the lowest in-
put frequency must be no more than 1/23th the value of the
scrics resistor, R10. In this cave R10 is 270,000 ohms. The
capacitive reactance at 60 cps should therefore he no more
than 10,000 ohms which would be the reactance of a capac-
itor of approximately .25 of. A 1-pl. capacitor was chosen for
the circuit to meet ke requirement easily.

Construction of Transformer T2

The most complicated construction is transformer T2,
which is shown in Fig. 2. Its magnetic circuil is the test lam-
inations into which it must be uble to be inserted and ve-
moved, To wccomplish this, both its primary and secondary
“windings” are “one turn” only and consist of a thin copper
tube which is the secondarv and an insulated coaxial wire
pulled through the tube, which is the primary. Both primary
and secondary are passed through the mounting holes of the
test laminations so that the magnetic flux is distributed in
the laminations near the hole i concentrie cirdes around
the conductors as in Figs. 1 and 3. The copper tube is soldered
into a banana jack and the center coutact is wired (o the lop
of the secondary of 1'1.

The length of tlie copper tube should be approximately
2 to 2% inches and its outside diameter %7, A stiff piece of
12-gange copper wire approximately 3” long is then care-
fully covered with insulated sleeving. On the upper (right in
the diagram) end of the wire, solder u sinall piece of copper

Fig. 1. A “transformer” (T2} with single turns samples the
maognelic field in the core meteriol and displays the loop.
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Fig. 2. Construction details for the sampling transformer,
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Fig. 3. Mounting of T2 and its insertion in test material.

tubing approximately 3/16” long. This will serve as a contact
terminal and must be insulated from the larger copper tube
by an insulating spacer of the same diamcter as the tube
% long and fitted over the insulated center wire. The pre-
pared insulated inner wire is passed through the copper tube
and adhered to it by meuns of a reliable adhesive (epoxv).
After the adhesive hardens, the whole assembly should be
sanded so its diameter will be uniform and the laminations
will slide over it easily.

The magnetizing current is applied between the lower and
upper contact of the inner wire. The induced secondary volt-
age appears between the lower end (ground) and the upper
end (below the insulating spacer) of the exterior tuhe. The
lower connections of both primary and secondary are perma-
nently connected into the circuit in the banana jack. Contact
to the upper part of the assembly is established by means of
a removable clamp, with two pairs of contacts insulated
from each other, and mounted on a small piece of Bakelite
(see Fig. 3).

The complete schemalic is shown in Fig. 4, The trans-
former that supplies the magnetizing current should be &
small 30-va. transformer with a sccondary voltage of at least
10 v. at 5 amp. (8 a. for short operation). The magnetizing
current {. can be adjusted to one of three values by connec-
tion through R3, R4, or R1. (You may use a tupped resistor
instead of R3 and R4.) The current passes through the pri-
mary (inner wire of T2) and through R1. The voltage drop
across R1 is applied to the horizontal input terminals of the
scope. A I-uf. capacitor (C1) connects one side of the pri-
mary of T1 to ground.

The input to the amplifier is the output of T2, From the
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plate of V1 to ground there is a 4000-gul, capacitor (C2)
which corrects for the phase shift between the horizontal and
vertical outputs. The value of this capacitor must be de-
termincd by experiment so that the hysteresis loop is properly
pointed on its extreme points und does not go over in small
loops or have round corners. In Fig. 5A the loops in the end
points are the result of undercompensation (C2 is too small).
The loop (B) with the round corners and the lurger area is
caused by overcompensation (C2 is too kurge).

The high time constant of the coupling cirenit (2 uf. and
1.2 megohms) assures high gamn at 60 cps. The value of cuth-
ode resistor RS is somewhat critical and should be adjusted
for a low-distortion output. The Lissajous of u distorted
hysteresis loop is shown in Fig. 6A. There is a simple way to
check if the hysteresis Joop is free of distortion. Instead of
taking the input to the amplifier from the secondary of 12,
you can take @ small [raction ol the horizontal output voltage
as shown by the dotted line to R2, aud apply it Lo the grid of
V1. Tn doing this the input to the amplifier will be a sinus-
oidal voltage and therefore the output before integration will
also be sinusoidal. This voltage mayv be obtained by discon-
neeting R10 and connecting C4 to the plale of V2 and the
output terminal to the scope vertical input.

The pattern obtained for approximately equal vertical and
horizontal deviations should be a straight line. \With increas-
ing input voltage to the amplifier, the straight line will become
crved at its extremes. To be uble to determine the begin-
ning deformation it is nceessary to reduce the vertical gain
of the scope. If the bias (value of R8) is corrcct, the defor-
mationn should begin simultaneously at both ends of the
straight line, This means the bias setting has placed the
operating point in the middle of V2 characleristic curve,
between cut-off and saturation. To determine the correct
value for RS use a resistance decade. If a narrow ellipse
appears instead of a straight line, there is phase shift between
the vertical and horizontal outputs which can be corrected
by changing the value of C2.

The integrated voltage across C5 may be fed directly to
the input of the oscilloscope, if a blocking capacitor is incor-
porated in the instrument’s inpul,

The following specifications, for the oscilloscope to be

Fig. 4. Circuit of the plotter amplifier, with scope outputs.
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Ri--1 akm, 20 w. res.
R2— 1M ohm, 10 w. variable res.
R3--6 ohin, 200 w. res.

C3-—- 2 uf., 400 ». capacitor

Cd—.1 pf., #90 ©. rapaciter (see text)
J5— .- . itor

Rf # ok, 20 w. res. ;‘g—j’tﬁipri’):ln:x :rpx'a'NIIO? ; sec: It o

R5—1500 okm, Y5 w. res. : . o : -

R6—470,000 okm, V; w. res. c.t. @ 10 amp. (Stawcor P-6161 or

R7T—1.2 megohm, V5 w. res. equiv. }

RS 6800 okm, V3 w. res, T2—See text

R9— 100,000 ok, V; w. res. < irrere
RI0_.270.000 vk, 1; w. ves. SI—S.p.s.t. spring-loaded toggle
CI—1 pf., 600 v. capacitor
C2—4000 ppf.. 400 v. capacitor (see FI—3 amp fuse

text) VI—6SL7 tube, V2—6SHT tube

switch
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(a) (8)

Fig. 5. Display is phased correctly by
adjusting value of C2. (A} Undercom-
pensation (C2 is too smalll. (B) Value
of €2 has been overcompensated.

used in conjunction with the plotter, are not hard to meet:

Vertical-channel a.c. input: approximalely 30 mwv./inch
sensitivity,

Horizontal-channel sensitivity: 1 volt/inch.

Low-frequency limit: 5-10 cps for distortion-free and
phase-correct amplification at 60 cps.

If the scope has a d.c. input, it should be nsed for the best
frequency response. Tf the d.c. input is used, a large capacitor
(2 uf. with a 1- or 2-megohm resistor to ground) hus to be
connected between the plotter output and the scope input
in order to keep the d.c. component of the output voltage
from being applied to the scope input.

Construction

All components are mounted on a metal chassis 94” x 4%~
x 1% as shown in Fig. 7. Transformer T2 is located on the
left side of the chassis. Space for the largest sized test
samples must be provided around 72, T! is mounted to the
right of the 20-watt resistors (R3 and R4).

These resistors become quite hot when the full current of
7-8 amperes (corresponding to 50-70 watts) passes through
them. They musl be located so that the heat will not affect
other components. ['ull current should never he applied for
longer than necessary since all component values are hased
on operation periods of 10-20 seconds. This is suflicient time
for observing, tracing, or pholographing the pattern. In order
lo avoid prolonged operation, the “on-off” switch is spring
loaded so that it will antomatically disconnect the trans-
former whenever it is released.

Using the Plotter

Connect the outputs of the plotter to the vertical and hori-
zontal inputs of the scope and apply power. The laminations
{a %" to %" stack is suflicient for a good pattern) whicl are
to be tested should be carefully lowered over T2, and the
connecting clamp put in place. Take care in setting the clamp
to make sure that there isn’t a short between the primary
and secondary windings.

There is no fixed rule ubout the number of laminations to
he used since the height of the curve depends not onlv on the
section of the magnetic circiit but also on the quality of the
allay.

After putting the clamp in place, wait for 1-2 minutes for
the capuacilors lo charge und for the spot on the scope to be
centered. Next, apply the magnetizing cirrent and note the
pattern on the scope screen. Tts width and height has to be
set conveniently by means of the gain controls on the scope.
The value of the magnetizing current determines the satura-
tion condition of a specific magnetic allov. For a given cur-
rent, the quantity of laminations under test has no influence
on the appearance of the hvstercsis loop. A larger number
of laminations increases only the total jron sections, and in
the same proportion the total flux, without changing the
distribution of the magnetic Hux in the lamination itself. The
increase in the total flux increases the secondary voltuge of
T2, After integration this voltage is proportional to the Aux
and causes the vertical deflection of the hysteresis loop. For
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Fig. 6, (A) Display distorted by incorrect V2 bias. Adjust value of R2. (B} At
saturation (larger loop) display spreads horizontally. (€] Another comparison
of loops for two materials with different saturation peints. (D] Loop enclosing
larger area indicates greater iron losses. (B), (C), and (D) are double exposures.

Fig. 7. In layout, leave space for sumples around T2 (left).

comparative measurements of permeability or reluctance,
the thickness of the test samples must be the same. The value
of the mugnetizing current however determines the intensity
of the magnetic flux in each lamination and therefore the
flux at which saturation occurs.

In order to compare the quulity of two tvpes of iron in
terins of their saturation point, the magnetizing current has
to be increased for cach tvpe of lamination until the hystere-
sis loop goes over in an almost horizontal line. In Fig, 6B lwo
hysteresis loops were photographed superimposed. The
smaller, inner loop is for a S-amp magnetizing current, the
lurger loop was made with a current of 8 amps. Saturation
at 3 amps has not yet occurred, however at 8 amps, the curve
is just beginning to go over in a straight line at its extreme
points indicating that the magnetic circuil has become satu-
rated. Since the lorizontal deflection is proportional to the
magnetizing current (voltage across R1) the length of the
horizontal deflection at the moment saturation beging is a
direct measure of the magnetomotive force and the field
strength, The vertical deflection permits a determination of
the amount ol magnetic {lux at lhat point ut which saturation
takes place.

It is well known that the slope of the hysteresis curve is
a direct measure of the permeability of the alloy. The higher
the permeability, the steeper the slope. In order to compare
two samples of iron, the scope vertical and horizontal gain
controls must be set so that a full hysteresis loop can be dis-
plaved on the screen withont readjustment of the controls.

Two hysteresis Joops of two different lamination samples
having the same physical dimensions are shown m Fig. 6C.
Both curves were made with the same current, therefore
both samples were tested with the same magnetic potential.
The smaller, less steep loop is that of iron with a lower satura-
tion point and lower permeability. Notice that the widths
of the two curves are identical.

The losses in the iron are determined by the area enclosed
by the hysteresis loap. In contradistinction to the first meas-
urements of saturation and permeability, the scope setting
for the comparative measurcments of the losses has to be

{Continued on page 86)
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ysteresis-Loop Plotter
- kamatinued from page 31)

made in such a way that the width and
height of the hysteresis Toops are the
same in both cases. This g important
since the determination of losses is
relative measurement i) which loop area
is considered in relation to the total loop
heicht. The higher the losses. the areater
is the rutio of the loop area to the loop
1eight.

This example is shown in Fig. 6D
vhere identical magnetizing  cinrents
were used but swhere the guin setting
on the vertical mput to the SCOPEe was
adjusted so that the heights of the two
hysteresis loops belonging to the differ-

ent laminations became equal. The loop

with the Lirger surface area corresponds

to the Limination sample with the larger

losses,

For further

theory about magnetic
circuits,

the following references  ape
snggested to the constructor:
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