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What will happen to the electric-power
curve when the war-production job has
been finished? This question is in the
minds of most engineers. That a drop will
occur is agreed to by all. The estimated
amount of the drop depends upon the
degree of optimism or pessimism of the
guesser; the actual drop will hinge on the
imagination and diligence of the industry
in finding and applying new or more ex-
tensive uses of electric power. Recently
a group of Westinghouse technical men—
each expert in his own field —assembled
to pool their respective ideas as to war
possibilities for electric power. Here is
the essence of a few of their observations.
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Increasing the electric-power load can
obviously come about in two ways: by
finding new uses for electric power and by
extending old ones. The latter is less glam-
orous but more promising.
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We think of the U.S. as a highly elec-
trified nation. Butisit? Air conditioning
was applied first and most aggressively to
motion-picture theaters. Yet only 15 per
cent of the theaters in the U.S. have
modern equipment. Only three per cent
of the restaurants are air conditioned.
More than 60 per cent of all lamps in-
stalled for street lighting are 100 candle
power or less, whereas 200 cp is widely
recognized as a minimum. More than
100 000 factories are in need of better
lighting to remain competitive. Some-
thing like 1200 000 stores are expected
to be modernized after the war, and this
includes major revamping of the lighting.
Forty eight of the 124 primary steel-re-
duction mills are still steam driven. We
are pretty proud that the average home
consumption of electric power reached
the all-time peak in 1943 of 1060 kwhr.
Nevertheless this is but one half of that
of advanced pre-war European countries.
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v oewet  AFTER THE WAR

We do not always trust the lessons of
history. Throughout the entire indus-
trial era, entire new industries have con-
tinued to arise, each demanding large
blocks of power, usually electrical. The
automobile, the radio are outstanding ex-
amples. Synthetic rubber, high-octane
fuels are more recent ones. Are there to
be no more? One industrialist has esti-
mated that as our supply of high-grade
iron ore runs out (distressingly close) it
will be necessary to establish, at ore sites,
plants for concentrating the ore before
shipment to steel mills. Perhaps 20 plants
will be constructed in the next ten years,
with a connected load of 200 000 kw. . . .
Hydrogenation of coal is looming as a
strong possibility as our petroleum re-
serves diminish. It has been said that
about one half of our requirements for
liquid fuels and lubricants will be pro-
duced by hydrogenation of coal, requiring
substantial blocks of power.
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Furthering the use of electric power is
not just a matter of devising new uses or
coaxing consumers to use more of it.
The percentage of homes sold with the
famousNo. 14 wire is as great now asin the
days before electric refrigerators, washers,
ironers, cleaners, or radios. Half of our
wired residences are more than 40 years
old. Half of the electrical-radiation de-
vices available (postwar) cannot be used
on the existing home-wiring circuits. The
estimated 600 000 to 1 000 000 new homes
to be built annually in the immediate
postwar years must be wired, not accord-
ing to the minimum standards of the
safety codes; not with two-wire entrance
service, nor five-ampere meters, nor lim-
itations of ten amperes per branch cir-
cuit—but with capacity for at least dou-
ble the peak demands of today. Also a
way must be found to rewire or ‘“up-wire”’’
the majority of the old homes, lest these
cease to be growing markets.
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Lessons learned by industry in solving
the problems of war production can soon
be applied extensively. One of these is
that the total power cost in a manufac-
tured article is usually insignificant in
comparison to the total value. Specifi-
cally, a mold was heat treated in a con-
trolled-atmosphere electric furnace for
$250 and of this the power cost was 4 per
cent. But to have treated the mold in an
ordinary gas furnace would have in-
creased the cost by 30 per cent because
of the need for removing scale. . .. Com-
plicated parts have been made up from
simple pieces by brazing in an electric
furnace instead of from complex shapes
requiring expensive machinery. A certain
die made by brazing cost $500, a small
portion of which represented power costs,
but machinery time was reduced by 20
per cent. ... Typical new jobs for high-
frequencies include brazing of cutting tips
to tool shanks, rapid soldering of many
leads to terminal blocks in one few-second
operation, localized heating of metal parts
for forging, and the curing of laminated
plywood in minutes instead of hours. . . .
Hundreds of new uses for infrared drying
have been uncovered in this war.

One factor affecting postwar lighting is
a psychological one. From almost every
home will come one or more war workers
who have been exposed to 50 foot candles
of illumination in modern plants. The
engineer will be ready to serve these de-
sires for better illumination at home in
many new ways. He promises a wide va-
riety of fluorescent lamps for the home,
including circular fluorescents for reading
lamps, baby-sized units for night lights,
and lamps to be built into the rooms and
for inclusion into the furniture....A
half-kilowatt connected load for home
Sterilamps—in kitchen, bathroom, nur-
sery, etc.—is not out of the question. . ..
Infrared drying lamps will be useful in
bathroom, kitchen, and laundry.

ENERGY

LOAD




VOLUME FOUR . . MARCH, 1944 . . NUMBER TWO

WESTINGHOUSE

In This Issue

CONER: 3lagnesium is a meial wiih an interesiing pasi, an exciiing preseni, and an enitcing fuiure.
Something of the spirit of that future is caught by the artist, F. G. Ackerson.

RESISTANCE-\WELDER POWER-FACTOR CORRECTION . .. ... ... .. 34
J. I5. Ponkow and N. .. Smith

MortoTrROL—THE D-C DRIVE FROM A-C POWER. .. . ... ... ... ... ... .39
T. R. Lawson

MAGNESIUM AS A MATERIAL AND ITS FUTURE. . ... .. . 43
THE PRODUCTION OF MAGNESIUM. . ... .. [P .. 46
Dirkct CURRENT FOR INDUSTRY VIA THE IGNITRON . ... .. ... 51

J. 1. Cox
STORIES OF RESEARCH. . ... .. .. T 57

PROTECTING ROTATING MACHINES FROM LIGHTNING. . . ... ... ... ... .. 60
G. D. McCann, E. Beck, and L. . Finzi

WHAT' S NEW . 63
PERSONALITY PROFILES. .. ... ... .. . ... ... ..... e IxsiDE Back CovER
—
Editor FEditorial Advisors

CHARLES A. SCARLOTT ¢ R. C. BergvaLr, Tosrixsox ForT, G. EDwarp PENDRAY

PUBLISHED BIMONTHLY 8Y WESTINGHOUSE ELEC. & MFG. CO. ANNUJAL SUBSCRIPTION: U.S.A., S2.00; CANADA,

$2.50; OTHER $2.25. SINGLE COPIES, 35C. ADDRESS, WESTINGHOUSE ENGINEER, P. 0. BOX 1017, PITTSBURGH, (30) PA.

PRINTED IN U, 8 AL



Capacitors Aid Resistance Welders

One of the agreeably surprising factors in this war of production bas been how power companies bave
shouldered the greatly augmented industrial load. Shortages of manpower and materials preclude the
installation of additional distribution equipment and power users must cooperate to minimize the demand
load. Users of resistance welders can almost double the capacity and current consumption of their machines,
not by adding transformers or increasing the power demand, but through the addition of series capacitors.

Wml-:-svkr;\o acceptance of the re-

sistance welder as a high-speed ]. E. PoNxow

production tool has imposed an enor-
mous single-phase load on power cir-
cuits. The capacity of resistance-
welding equipment now installed in
the United States totals some eight
million kva. If all these machines

Chicf Electrical Enginecr
N. A. SmIitH
Ussistant Chicf Electrical Engincer
The Federal Machine and Welder Co.

increases the E in Fig. 1 (b) about to
Es in Fig. 1 (a). In the vector dia-
gram Fig. 1 (c), the relative values of
the components are shown for a lead-
ing power-factor condition.

The resistance welder inherently
has a large kva demand. Because the
load is largely inductive, the power

were operated simultaneously, the
maximum instantaneous demand load
on the power svstems would exceed twenty million kva.

The power demand of massed welders in numerous plants
in industrial areas has occasioned concern among power com-
panies. Cooperation between the power companics and man-
ufacturers, particularly in the welding industry, has greatly
reduced the demand load. This has been done chiefly
through the application of series capacitors to increase the
load power factor.

Improving Power Factor and Minimizing Voltage Dip

The effect of introducing capacitance into a series circuit is
demonstrated by the vector diagrams in Fig. 1. This ap-
proach to unity power factor (where line voltage and current,
I, and I, Fig. 1 (a), are in phase)depends upon the vectorial
value of the voltage drop across the capacitor, /.. The de-
sired correction is obviously the amount of capacitance that

factor is low. Except for welders of
the stored-energy tvpe, resistance
welding is primarilv a single-phase load, which unbalances
the three-phase supply lines. Further, the combination of a
large peak kva demand and the great rapidity of operation
can create a flicker problem. All of these undesirable load
characteristics can be greatly improved by the proper applica-
tion of series capacitors to the primary circuit of the welding
transformer.

A leading power factor can, of course, be created by intro-
ducing sufficient capacitive reactance in the circuit. How-
ever, a leading power factor introduces a current and voltage
phase relationship that makes the operation of tube control
difficult. For ease of firing in electronic control of resistance
welds, the power factor should be slightly lagging.

Application of Shunt Capacitors

The tvpe of condenser commonly used for power-factor
correction is the shunt capacitor. It is simpler and easier
to apply for the average application such as motor loads,
because relatively little change in an existing installation
must be made. To prescribe the correct size of capacitor
installation, it is necessary to know only the line voltage, the
power factor, and the kva of the load. The capacitors are
placed across the line near the load.

Why, then, have shunt capacitors found but little use on
resistance welders? Shunt capacitors inherently have an
objectionable characteristic when used with intermittent and
brief loads such as are offered by resistance welders, although
their use does result in improvement of power factor. When
a shunt capacitor is first connected to the line it draws a
fairly high charging current, the magnitude of which depends
on the point on the voltage wave at which the switch is closed.
Ordinarily shunt capacitors in industrial plants are connected
to and disconnected from the lines infrequently; hence, the
occasional current surge is not objectionable. However, if a
shunt capacitor is connected to the circuit each time a resist-

Myr. Ponkow and Mr. Smith examine one of the largest series-capacitor
applications to resistance welders made by the Federal Machine and
Welder Company. Designed to house the capacitor units within the
machine, the welder uses two 660-kva welding transformers and a
program timer to control the welding cycle. Used to weld the cap to
the body of a 75-mm shell, the welder requires 200 000 amperes.
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Fig. 1—When the resistance welder is corrected to unity power
factor, the vector relations are pictured as in (a). Correction
less than unity, or lagging power factor, is shown in (b). For
the condition of leading power factor, or correction greater
than unity, the relationship of the vectors takes the form in (c).

ance weld is made, the frequent and dissimilar current surges
cause annoying light flicker. Thus, the application of shunt
capacitors to resistance welders with their heavy loads and
low power factor tends to aggravate the undesired conditions.

In such cases as these, the charging current of the capaci-
tors becomes important. In fact, thisis often greater than the
peaks associated with the welding transformer. Without
highly complicated controls and additional equipment to pre-
vent wide line-voltage fluctuations and coincidence of welding-
transformer peaks with capacitor charging surges, the use of
shunt capacitors with resistance welders for power-factor
correction is not suitable. This scheme, because of complica-
tion of control and economic factors, is not feasible at present.

This problem is not solved by leaving the shunt capacitors
connected to the line at all times. The magnitude of the
resistance-welding load necessitates large banks of capacitors.
Leaving the capacitors on the line continually increases the
plant load power factor; in fact, it may even cause it to be-
come leading when the welders are not in operation. In this
case, although shunt capacitors reduce the supply-line de-
mand, the power factor of the plant load fluctuates the same
as when the capacitors are not used. Any such change in the
power factor of the plant load causes a corresponding change
in the plant voltage. Care must he exercised that the line
voltage is not too greatly increased.

Series Capacitors

Series capacitors do not differ fundamentally from shunt
capacitors, except that shunt capacitors, for safety purposes,

‘-\

CHARGE ON CAPACITOR—— -

Fig. 2—The charge on the capacitor is shown to remain at

TINME —» Timeg —»

are normally equipped with resistors across the terminals.
Because shunt capacitors are alwayvs connected across the
power lines, they are constantly charged. Should the lines be
de-energized, the shunt capacitors would still retain their
charges. The resistor across the capacitor terminals bleeds
off this stored energy. These resistors do not interfere with
the proper functioning of the capacitors in shunt arrange-
ment because shunt capacitors are not called upon to func-
tion after the line voltage is removed. In series applications,
resistors cannot be used, as the change must be allowed to
remain between welding cycles. A resistor across the ter-
minals of a series capacitor would tend to drain this charge.
However, to prevent an unwanted charge from remaining on
the capacitor, welders are supplied with safety interlocks that
automatically short circuit the capacitors when the welding
installation is de-energized.

It is interesting to note the voltage conditions across series
capacitors during the intermittent operation of resistance
welders. Without a discharge resistor the charge remains on
the capacitor during the off period of the welding cycle. The
line-current and capacitor-voltage relationship is shown in
the oscillogram, IFig. 2.

Properly calculated applications of series capacitors pro-
duce the desired results of decrcasing the welder demands,
approaching a unity load power factor, minimizing lamp
tlicker and improving power regulation. Series capacitors are
applicable with comparable results to seam, projection, spot,
and pulsation welding. Stored-energy and flash welding are
special cases to which these principles of series-capacitor
applications do not apply.

To demonstrate the eflicacy of capacitors to resistance
welders for correction of line power factor our research lab-
oratory undertook a program of tests to show by means of
oscillograms just what occurs in such applications, and to
determine the principles governing such applications.

The oscillographic record of welding without capacitors
is shown in Fig. 3. By measurement, /i, is found to equal
287 volts, while /i, is equal to 332 amperes. The peak de-
mand is therefore 95.30 kva.

The term power factor is generally defined as the ratio
between the kilowatts and the kilovolt amperes. 1t can also
be expressed as the cosine of the angle between the voltage
and current. Reference to IFig. 3 shows the displacement or
lagging effcct of the current trace with respect to the voltage
trace. An enlarged view of the voltage and current traces for
one cycle is shown in Fig. 4. A calculation of power factor by
this method gives 42.9 per cent. The kilowatts are readily
obtainable as the product of kva and power factor, or 95.30
X 0.429, or 408 kw.

& ANGLE DISELACENMENT

POWER, FACTOR. TliE,, - -».
Fig. 3—The phase displacement Fig. 4—Enlarged view of a single
of the current when welding cycle of the series in Fig. 3. The
withont capacitors is shown by the phase angle displacement is clear-

peak value during the off-time when the load current is
zero, eliminating the charging current at the next on-time,
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currvent 1 lagging the voltage E.
The amount of lag is determined
by the magnitude of the angle ©.

Iy shown. The per cent power
JSactor from the measurements
shown is §2.9. (0=14/39X180°)



- | Fig. 5—0Oscillogram taken after the appli-
cation of series capacitors to the welder.

Fig. 6—This enlarged view of a single
cycle from Fig. 5 clearly shows the near
approach of the line-current trace to CURRENT
the line-voltage trace, indicating the
E o condition of nearly unity power factor.

TIME—>

The oscillogram shown in Fig. 3 was taken during a weld-
ing cycle after the circuit was tuned to series resonance. The
enlarged view of a portion of this oscillogram, Fig. 6, how-
ever, shows more clearly how the current trace is nearly
superimposed upon the voltage. This denotes an approxi-
mate unity power factor. 1t also shows the etfect on the
wave form caused by heat control.

A comparison of Fig. 4 and Fig. 0 shows what actually
happens when the power factor is raised from 42.9 per cent
to approximately unity. The phase shift is obvious. Not so
obvious is the reduction in the power demand from 93.3 kva,
as calculated from the first trace, to approximately 48 kva,
as computed from the experimental results secured after the
installation of the capacitors. Thus, series capacitors have
halved the resistance-welder demand.

Data Necessary for Capacitor Selection

The capacitors must be selected to meet the individual
needs of each application hecause the capacity and voltage
ratings of the capacitors vary over a wide range. Capacitors
are available in standard sizes rated for continuous 60-cycle
operation from 230 to 2300 volts with a resistance of 7.3 to
333 ohms. The capacity of standard capacitor units varies
from 373 to 7.5 microfarads.

In applying capacitors to existing equipment, it should he
recognized that their use with standard welder transiormers
increases the electrode voltage. The increase in electrode
voltage arises from the fact that the voltage drop caused by
the inductive reactance of the transformers has been lessened.
The improvement in power factor necessitates the lowering
of the voltage (the current at the weld remaining constant) to
operate at the rated kva and supply the prerequisite heat to
the weld. To obtain the proper voltage at the electrode, it is
necessary' to apply an autotransformer, or to rewind or re-
connect the welding transformer. In new equipment, de-
signed for use with capacitors, the transformer is wound to
produce the proper voltage.

Another determining factor in capacitor selection is the
duty cycle of the application. In resistance welding, the
current actually flows for but a portion of the time comprising
the welding cycle. 'The length of the on-time (when current
flows), plus the squeeze-time, hold-time, off-time, and other
factors that vary with the type of weld, is called the welding
cvcle. The ratio of the on-time to the welding cycle deter-
mines the rating of the capacitor for safe operation in a par-
ticular application.

Capacitors are rated as to maximum working voltage and
maximum short-circuit voltage. When, as with the installa-
tion discussed previously, an overvoltage protective device
is used, and the duty cycle is less than 44 per cent, the ca-
pacitor can be selected from the maximum working voltage
group that satisfied the other specitications needed for this
application. Otherwise, the selection must be made from
the maximum short-circuit voltage group that has a lower
rating per unit and is seli-protecting when operated within
rated voltage limits.
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The calculation of the series capacitors required for the
welder used in the foregoing oscillographic analysis will show
the principles involved in series-capacitor applications. The
problem at hand is to select the correct number of capacitor
units so that the power factor can be increased from approxi-
mately 42.9 per cent to unity and the demand decreased
from 95.3 kva to approximately 48.0 kva.

"The selection of the number and size of the capacitor units
required to operate the longitudinal seam welder (Fig. 7) at
unity power factor can be determined by calculations from
data obtained in the tests. The method is applicable to all
seum, projection, spot, and pulsation welders. The funda-
mentalschematic circuitand test-connectiondiagramare shown
in Fig. 8 The information required is:

1—"The supply-line voltage and frequency.

2—"Tvpe of control (synchronous—non-synchronous—or
mechanical contactor).

3—Welding duty cycle.

a—Number of welds per minute.

h—Number of cycles of current tlow.

c—Number of cycles of off-time.

d—Number of pulsations per weld. (If pulsation weld-
ing is used.)

+—Kva and power factor during actual welding condition.
H actual readings cannot be obtained, the welder manufacturer
can make an estimate from past performances.

3—XKva and power factor during the maximum short-cir-

Fig. 7—This seam welder, together with a synchronous electronic
seam-welding panel, two-element oscillograph and a bank of series ca-
pacitors, was used in securing the accompanying test oscillograms.

WESTINGHOUSE ENGINEER
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Fig. 8—This wiring civcuit shows the various components used
in the tests. Provision was made to short circuit the series ca-
pacitors to run tests with and without power-factor correction.

cuit conditions, i.e., with the clectrodes in contact with no
work between them.,

From the known factors and the data secured through
tests, the voltage requirements and the amount of the capaci-
tance can be computed for both the welding and short-circuit
conditions. It is necessary to know the capacitor requirements
under both conditions because the power factor of the welding
circuit changes markedly between welding and short-circuit
conditions with corresponding change in voltage. There is a
relative change in power factor when welding different metals,
such as steel and aluminum. The complete step-by-step cal-
culations with attendant formulas are contained in the sample
calculations on page 38.

For this particular equipment, with a duty cyvcle of less
than 4 per cent, capacitors were chosen from the manufac-
turer’s maximum working voltage classification rather than
the maximum short-circuit voltage rating as the overvoltage
protective device was used and the greater safety factor was
not required. Continuous-rating 373-volt, 60-cvcle capaci-
tors fulhilled the requirements (scries-capacitor voltage of 370
volts) computed in the sample calculation, equation (¢). As
manufactured, each 120-microfarad capacitor unit has a reac-
tance of 22 ohms. The total reactance of the series-capacitor
bank i1s 3.78 ohms—sample calculation, equation (f). Thus,
a total of six 120-microfarad capacitor units is required. (22
divided by 3.82 equals 3.76.)

Flash Welders

Flash welders have been thus far specifically excluded from
this discussion. They present a peculiarly distinct problem
because of the dual nature of the welding operation. The
welding cycle comprises two periods, flashing and upset.

During the flashing time, the edges of the two picces of
metal being joined are heated to a plastic state by the arcing
of the current as it flows from one piece to the other. the elec-
trode pressure being relatively light. When suthicient heat is
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Fig. 11—This enlarged oscillogram of a single cycle
taken during the upset period of a flash-weld operation
shows the widely different conditions in the upset period
as compared to those in the flashing period [Fig. 10 .
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Fig. 9—Oscillogram taken during the flashing period of a flush-weld-
ing operation shows the irregular voltage trace durinug that time.

stored in the plastic weld region, electrode pressure is sudden-
Iy increased, and upset occurs. It is at this time that the
pieces are forged together, producing a weld. The flashing
period is usually relatively long, compared to the upset
period. The flashing current is irregular and intermittent in
nature. The upset current is considerably greater than the
fashing current and is constant.

An oscillogram of the flash welding of 18-gauge flat stock
steel is shown in Fig. 9. Enlarged traces of the flashing and
upset conditions, Figs. 10 and 11 show a wide variation in
demand and power factor in the flashing and upset periods.
The characteristics of the two are such that it is possible to
correct the power factor for only one. To do so aggravates
undesirable characteristics during the other period,

Applications of Shunt Capacitors

The effect of adding suthcient shunt capacitors to give
unity power factor at upset is to raise the general level of
welder voltage during welding. ‘This is caused by the line
current leading the voltage during flashing and being in phase
with the voltage at upset.

Another solution that might prove satisfactory from the
standpoint of line-voltage differentials and equipment cost is
to add suflicient capacitors to give leading power factor dur-
ing flashing but not enough to correct the upset condition to
unity. This produces a rise in line voltage during Hashing.
However, there is still about the same relative voltage drop
between flashing and upset as when capacitors are not used,
hut the differential rise at the end of upset is less than hefore
capacitors are added. Hence the light flicker will be less.
Furthermore the kva demand in this application, where the
upset is not corrected to unity, can be adjusted so as to be
approximately constant.

Although the addition of shunt capacitors may somewhat
decrease the line kva demand and also diminish light tlicker,
the current in the shunt capacitors is not constant throughout
tlashing. It seems to be susceptible to surges induced by
changes in flashing. Variations in current should be checked
to determine whether they will have any adverse effects on
the weld in a given case. If necessary, it might be possible to
compensate for these effects by alteration in machine settings.

Fig. 1L0—An enlargement of a siugle cycle of Fig. 9. The ¥ 1
phase-angle relationship and the irregnlarities of the 4 /
voltage and current oscillogram traces are clearly shoun.
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Application of Series Capacitors

The current and voltage irregularities of the flashing period
are not objectionable from the standpoint of the application
of series capacitors for power-factor correction. Actually,
series capacitors would tend to suppress rather than increase
the surges. Series capacitors usually cannot be used without
some sort of switching arrangement because the difference
between the flashing and upset conditions is too great.

If the capacitor hank is designed on the basis of the flashing
conditions it will not withstand the high voltage obtained
during upset. This voltage is similar to that arising from
short circuiting the electrodes on a spot or seam welder,
except that the voltage rise is probably much greater during
the upset of a flash welder.

While the increased voltage during upset can be carried by
providing higher voltage capacitors, this increases the in-
stallation cost considerably because of the greater number of
capacitors required to obtain the same reactance. The cost
and size of a capacitor having a fixed reactance increase as
the square of the voltage class of the capacitor insulation.

Summary

Investigations and test results show that series-capacitor
power-factor correction for resistance welders of highly inter-
mittent or long duration loads is entirely feasible.

The method of application outlined can be applied to all
tvpes of spot, projection, and seam welding. The several
advantages attendant upon power-factor improvement are
entirely applicable to the resistance welder.

On the basis of this investigation and existing equipment,
series capacitors instead of shunt capacitors are reccommended
for power-factor correction. The uncontrolled welding cur-
rent inherent with the use of shunt capacitors makes con-
sistent welding ditlicult on spot, projection, and seam welders.

When power-factor correction is necessary on tlash welders
that have widely different flashing and upset conditions,
series capacitors should not be considered without some
switching arrangement. Instead the compromise method of
shunt capacitors should be substituted.

Sample Calculation

The following data was secured from tests using the equip-
ment described in this article connected as shown in Fig. 8
with the capacitor unit short circuited.

1—Welding kva—93.30 at 42.9 per cent power factor (0).

2—Short-circuit kva—121 at 31.0 per cent power factor
(62).

3—Autotransformer voltage—287 volts at 60 cvcles.

4—Syvnchronous electronic seam timer,

5—Approximately 334 per cent duty cycle.

The following computations were made under welding con-
ditions:

liffective line voltage, I, equals line voltage less voltage
drop across contactor:

Il =285 —13=252 volts (a)

Line demand in kilowatts at unity power factor equals kva
times power factor in per cent:

Kw=KvaXDP.lI.=95.30X0.4290 = 40.8 (b)

Line current at unity power factor equals kilowatts times
1000 divided by effective line volts:

B K\\'Z( 1000 _ 40.8X 1000

= N =150 amperes )
- I 272 soami (
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Welder transformer primary volts equals the welder load
of 95.3 kva divided by the primary current of 150 amperes
or it equals the effective line volts divided by the power factor
in per cent:

B 272
P.I. (cos)) o0.429

L= =033 volts (d)

Series capacitor voltage equals the welder primary voltage
times sin O:
Le=ErXsin0=635X0.003=373 volts (O]
Series-capacitor reactance in ohms equals capacitor voltage
divided by the line current:
. _F¢ 5
.\c=—C=’—‘—3=3.82 ohms 2
L 150
Using data given that is applicable to short-circuit condi-
tions, the following calculations were made.
The welder short-circuit kva was given:
Short-circuit kva=121 (2)
And also the short-circuit power factor:
Short circuit P.F, (cos ;) =0.31 (h)
Welder impedance in ohms equals welder transformer pri-

mary volts squared divided by the short-circuit kva times
1000:

Erz o (6_35)2

o “kvaX1000 121 X 1000

=3.33 ohms (%)
Welder resistance in ohms equals welder impedance times
short-circuit power factor (cos 6.):
Rw=7Xcos )y =3.33X0.31=1.03 N
Welder reactance in ohms equals welder impedance times
the sin O.:
Xy =7ZXsin 0:=3.33X0.95=3.10 ®)
The net reactance in ohms equals the reactance of the
capacitor in ohms, step (f), minus the welder reactance:
Net Xy=X¢—Xw=3.82—3.16=0.66 ohm ()]
The net impedance in ohms is then the square root of the
welder resistance squared plus the net reactance squared:
NetZ=\ (I—<w)’+(l\'cl Xo)i=) (1.03)5+(<;.60)2= 1.22 ohms (m)
The line current under short-circuit conditions equals the
effective line volts divided by the net impedance:

KL 272
lpy=———="A"=02233 sre
TR 7 1.ap 223 amperes (n)

Welder primary volts (short circuit) equals the line current
(short circuit) times the welder impedance:
Ew=T2XZ\y=223X3.33=743 volts (0)

The welder kva (with capacitors) equals the welder pri-
mary voltage times the line current divided by 1000:

Welder kva (short circuit) = Treoo T aeoe 166 kva ()

The capacitor voltage (short circuit) equals line current
times the capacitor reactance in ohms, step (f):
Fe(short circuit) =1 X X¢=223X3.82=832 volts (@
IFor operation under these conditions with a 44 per cent
duty cvcle, a 375-volt, 60-cycle, continuous-rating capacitor
was chosen. Having a reactance of 22 ohms each, the number
of units required is as follows:

. .. __capacitor unit reactance 22
Number of units=— — == =316 r
X 382 7 (r)

As stated in the text, six condenser units having a 575-volt
rating and 22 ohms reactance each were used for the test.
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The Mototrol and Its Applications

The adjustable-voltage system stands preeminent when accurate control of motor speed over a wide range
is required. In many applications, especially in the smaller sizes, the disadvantages of additional rotating
equipment and relatively heavy controls limit the use of motor-generator sets for linking d-c motors
with the a-c power lines. Electronics comes forward with a scheme known as Mototrol that provides
precise and wide-range speed control without the use of the usual motor-generator set, using light-

weight controls that can be preset and can tie in automatically with intricate cyclic machine operations.

TIIE sEARcH for a satisfactory motor with

phase, grid-controlled thyratron rectifier.

exceptionally wide adjustable-speed range T. R. Lawsox The d-c voltage output of the thyratrons is
to operate from alternating current has con- Flectronic Control Section, applied to a regular shunt-wound d-c motor
tinued ever since alternating current itself Westinghouse Electric & (Fig. 1) and can he varied from zero to rated

was first commercially used. Many solutions Mfg. Company

involving a-c motors—with electrical modi-

motor voltage (or above) for d-c armature
control. Smaller thyratron tubes provide di-

fication of the motor itself and modifications

of the mechanical application of torque—have been prof-
fered. In general, however, it has been the usual practice to
use a suitable d-c motor, even though this involved individual
a-c and d-c motor-generator sets. Lven the standard d-c
motor does not completely fulfill all requirements of extreme-
lv wide and stable speed range, good speed regulation, and
smooth, automatic acceleration. The most satisfactory means
of achieving these rigorous characteristics is the Mototrol, an
electronically controlled d-c motor, taking power froma-c lines.

Electronic Control System

The heart of the Mototrol is the electronic power supply
for the motor drive and its accompanying control system.
With it a d-c motor
supplied from an a-c
line is able to perform

{ .
: lSmgIvPhase the following func-
ACS 1v . .
_ e tions without external
Power jSET regulators, belts, or

Transformer 113
Il
J

o9

gearing: wide, step-
less speed range with
ease of control; auto-
matic speed regula-
tion under varying

Control

N T -

2 |
= Q) loads;smooth, fast ac-
—1 I 1 ' celeration to any pre-
| - M r‘ Reversing| ! O
Time | Contactor| ! set speed within rated
Delay | L ! s .
Relay FFETT! limit; automatic cur-
X ' ..
T ool 1. rent limitation; dy-
' Gonnat T ! namic braking; and
i J'L i reversal without ex-
! 0[S e p [ -
Binamic cessive current peaks.
[ Speea | Resistor The eclectronic sys-
(o) 'lncmm- . -
tem consists of a
Sloplro | - o .
single-phase or poly-
Start & D-C
—J il'\um
Push- otor v
et Conion l The characteristics of the
Staon g Mototrol are demonstrated
Ls on this test apparatus by the
author. The open cabinet at
Fig. 1—The method of control- the left contains the elec-
ling the armature and field tronic tubes and the control
voltage in the shunt motor by circuits. All control is cen-
electronic means is shoun in tered in forward, reverse,
this wiring diagram of the com- and stop buttons. Dials are
ponent elements of the Mototrol. provided for presetting the

Jorward and reverse speeds.
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rect current for the motor field. Speeds below
the base or full-field speed of the motor are obtained by
variation of armature voltage. To provide higher speeds, the
field is weakened by reducing the field voltage. In short, the
Mototrol accomplishes with electronic rectifiers the same
function as the motor-generator set in the conventional
adjustable-voltage svstem of obtaining a wide speed range
from a d-c motor starting with a-c power.

A complete a-c electronic motor-control drive is comprised
of four pieces of apparatus: (1) the a-c power transformer,
which has the proper number of phase windings and correct
secondary voltage to supply the rectifier tubes, (2) the elec-
tronic-control cabinet proper including all necessary tubes,
resistors, relays, capacitors, etc., (3) the operator’s control
station (push buttons and speed-adjustment dials), and (4)
the d-c motor itself.

The power-transformer and electronic-control units to-
gether are considered as the power supply. The number of
rectified phases depends upon the most economical arrange-
ment of available thyratron tubes required to handle the
motor rating. On Mototrols of two-horsepower rating and
smaller, single-phase full-wave rectification is usually em-
ployed. For larger ones, some one of the several polyphase
rectifier systems (two-phase full-wave, three-phase half-wave,
six-phase, etc.) is employved.




Fig. 2—An a-c voltage from a small grid transformer is properly
phased and applied to the grid of the thyratron control tube.

.\ variable negative d-c volt-
age is applied to the same grid.
With a zero negative d-c com-
ponent (a), the firing point is .
at the line-voltage peak and
maximum voltage is delivered

Fining Point

Anode

i Gnid
(a) Voltage Voh',“

Time —=
Zero Negative D-C Component
Finng Point Retarded

to the motor armature. \When Voloas, Grid
the d-c component isincreased ) . i
negatively (b), the firing point 4 ___L______ N
1s retarded and the voltage de- G DA

livered to the motor decreased. i

Voltage Gnd Negative
Thyratron Docs
“ Not Fire

When the ncgative grid voltage
is increased to cut-off (c¢), the
thyratron does not fire and no  (© | Veitate
voltage is Sll])l:)ll(.'(:l to the mo- | ot e immn e o
tor armature circuit,

How It Works

All of the speed-adjustment functions (exclusive of field
weakening) whether manual or automatic, as well as the
current limitation, are accomplished by adjusting the motor-
armature voltage. Thisadjusting armature voltage is obtained
by advancing or delaying the point on the a-c voltage wave
at which the rectifier tubes tire, thus permitting only a part
of each a-c voltage wave to be rectified. This firing point
(the amount of phase shift of the control-grid voltage with
respect to a-c line voltage) can be controlled in several ways,
In the Mototrol, an a-c voltage from a small grid transformer
is applied to the thyratron grid. This voltage, through the
proper adjustment of capacitor and resistor components in
the grid-transformer secondary circuit, lags the anode (or
line) voltage by 90 degrees. In addition, a variable negative
d-c voltage component is applied to the same grid. When the
d-c voltage component is zero, the maximum advance in
firing angle is obtained, as shown in Fig. 2, and therefore the
maximum voltage is supplied to the motor armature. Also,
when this d-c component is increased negatively, the firing
angle is delayed until the voltage supplied to the armature
is reduced to zero.

The a-c grid voltage is chosen 90 degrees out of phase with
the a-c supply voltage because this arrangement permits
maximum continuous control of the thyratron throughout the
range from maximum advance of the firing point to cut-off.

If the a-c grid voltage lags the a-c supply less than 90
degrees, as shown in Fig. 3 (a), the control range of the tube
would be only from point (a) to point (b), Fig. 3 (b), and not
to cut-off. Also, if the a-c grid voltage lags the supply more
than 90 degrees, as in (c) continuous control of the rectifier
tube is obtained from maximum advance to cut-off, but in
this case the range control would be less than 90 degrees.

Operating Characteristics

Starting—The control is arranged so that the motor is
always started with full field regardless of the setting of the
speed-control potentiometer. If the desired motor speed is
above the base speed (achieved by weakening the field), that
portion of the control that weakens the field does not become
effective until the motor reaches base speed. To start the
motor with weakened field would result in heavy armature
currents. After the base speed is reached, the field is weakened
until the preset speed is secured.

Current Limilation—Fast, smooth acceleration is auto-
matically obtained through an adjustable current-limiting
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device, which also controls the negative d-c grid-voltage
component of the rectifier tubes when a preset armature cur-
rent is reached. Thus, the voltage output of the rectifier tubes
is always such that the preset current limit is not exceeded.
This limitation provides smooth operation of the driven
machine through the elimination of shock loads in starting.

Dynamic Braking—The motor is quickly stopped by means
of a dvnamic-braking resistor inserted across the motor arma-
ture. This is done by the closing of back contacts on the
motor-armature contactor when the motor-armature con-
tacts are opened. The amount of dynamic-braking resistance
15 adjustable.

Manual Speed Adjustment—Nanual speed adjustments or
settings are obtained by a small potentiometer. Changing
this resistance alters the negative d-c component to the
thyratron grids and thereby varies the rectified voltage to
the motor armature from maximum to cut-off. The control
can be preset for any desired speed or the speed can be ad-
justed while the motor is running.

lutomatic Speed Regulating—Through other small control
tubes and circuits the negative d-c voltage component on the
rectitier-tube grids is increased or decreased automatically,
as the motor speed changes from the preselected speed, in
much the same manner as described above for manual ad-
justment. The entire system is so balanced that the rectifier
tubes furnish an output voltage to the motor armature at the
correct value to maintain the preset speed under conditions
of varving loads.

Reversing and Inching—Reversing contactors can be in-
cluded in the control without increasing the size of control
cabinet. Proper relays for inch-forward or inch-reverse service
can also be provided and suitable push buttons added to
the control station. Inching or reversing can be done at any
preset speeds within the speed range of the unit or, if pre-
ferred, can be done at one fixed speed. No speed-control dial
for inching speed need then be used.

Overloads—On some applications requiring frequent re-
versing service, such as high-speed planers or shapers, the
average motor current may be much higher than the motor
current at constant speed. If this overcurrent lasts for con-
siderable periods, as during frequent reversals, the recti-
fier (power supply) tubes may be seriously overloaded if the
Mototrol application is made on the standard basis. The
thvratron tubes to supply d-c power to the motor are chosen
to handle the full-load current of the motor continuously.
However, they have peak-current ratings several times the
average-current rating and can, therefore, (continued on p. 42)

Fig. 3—If the a-c grid voltage lags the anode voltage by other
than 90 degrees, maximum continunous control is not obtained.

Finng Point
If the a-c grid voltage lags less @) Votvnse S Vord,
than this, as in (a), with zero . ;
negative d-c component, the Zero Nexative D-C Component
firing point is at some point a Control Range
which is less than the peak line Anode SOy

Voluage /%, / orio

voltage. By increasing the d-c .
negative component to cut-off, ® = -

(b), the firing point cannot ex- Voltage
tend beyond the point b. Should
the a-c grid voltage lag more e Cont Ramee
than go degrees (c), the control (Anode P Crd

range of the line voltage is s . Al
restricted as shown. .

= Zero Negative D-C Component
o

Negative D-C Component Increased to Cut-off

ining ¢
Pont !
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Examples of Mototrol Applications

1\ Shp drive over a speed range

The load or armature current is prac-

of 2300 to 1135 rpm is desired. Usually
the horsepower and speed are the first

items known. In addition to horsepower.,

tically directly proportional to the motor
torque; this means that on a constant-
torque drive the motor takes approxi-

speed. voltage. and frequency of supply.
the following information is necded:

mately constant current from its power
supply. Standard controls for a given

(a) —Constant torque range?

h) —Constant  horsepower  desired
over what range?

¢)—Open or enclosed motor, ball or
sleeve bearing, ete., as normally fur-

Field Control

3

horsepower, say 5 hp, are designed to

handle the full-load current of a 3-hp
motor. The full-load current of a 3-hp
motor does not materially change for
various base speeds, and the power

nished for d-¢ motor.

=
s

Assume (a) constant torque over a
speed range of 1750 115 rpm. (b) con:
stant horsepower from 1750 10 2300 rpm,
and (c) open, sleeve, ctc.

As constant torque is required  be-
tween 17530 and 113 rpm a motor with a

g

B:ase Speed—Percent
=
3

5
S

supply for that given horsepower is not
afiected when different base speeds of
the same horsepower are selected, pro-
vided only constant torque, i.e., con-
stant current, is required over the range

of armature speed control {(from base to
minimum) and constant horsepower

base speed of 1750 rpm is chosen for this
drive because constant torque can he
had from the base speed down Dy means
of armature control. Il a base speed of
2300 rpm at 3 hp were chosen. the

|
g

g

3

S

from base speed to maximum speed.
1f, however, constant horsepower is

required from base speed down to some
lower speed. it will be seen from solid
line curve, Fig. 5. that the torque must

frame size would be smaller than for a
basc speed of 1750 rpm but the motor
would not develop 3 hp at 1730 rpm by

— Armature Control — »=
~
S

I-

Increase as the speed decreases. Motor
current varies with the torque: thus, if
the motor torque increases, a greater

armature control,

This is shown in rating curve. Fig. 4.
I 2300 rpm is base speed. 1730 is about
76 per cent of base speed. From the
dotted horsepower curve. at 76 per cent
hase speed by armature control. we get
76 per cent of rated horsepower or 70
per cent of 3 hpis 3.8 at 1750 rpm. This
does not mect the requirements.

However. if 1750 rpm is used as base
speed. constant horsepower can he ob-
tained from 1750 to 2300 rpm by field
control. or ficld weakening. The 2300 rpm is about 132 per
cent of hase speed and from the dotted curve Fig. 4. standard
drives will deliver constant horsepower from base speed on
up by field control. Mt the same time, however. constant
torque is not obtained at speeds above base specd resulting
from ficld weakening. This is shown by the solid line curve.
in Fig. 4: nor is it needed to satisfv the requirements of this
particular example.

2 -~ Assume the same conditions and requirements as in
example 1. except that constant torque is desired over the
entire speed range of 2300, 115 rpm. Then no ticld control is
necded because the speed range is within the 20 to 1 that can
be obtained by armature control without tield control. Again,
from curve, Fig. 4. constant torque can be obtained from base
speed down by armature control. Because Mototrols of a given
size are less expensive if no tield control is required. a 2300-
rpm base speed 3-hp motor is chosen equipped with armature
control only.,

3 If constant torque is required from 1130 rpm to 113
rpm and constant hp from 1130 to 2300 rpm. a base speed of
1130 rpm would be selected. Constant torque from 1150 to
1153 rpm (101 range) is obtainable by armature control (See
solid line curve, Fig. 4) and constant hp is obtained from 1130
to 2300 rpm (2 to 1 range) through tield control (See dotted
curve, IMig. 4).

Proper sclection of the base speed of a motor when con-
stant horsepower is required over a wide speed range can keep
the size and cost of the power supply to a minimum, as well
as the motor size and cost.
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60 80 100 120 .
Percent Or, on constant horsepower drives be-

Fig. a—With armature control
below base speed, torque remains
constant while horsepower de-
creases directly as the speed. With
field control above base speed,
horsepower remains constant
whereas the torque decreases,

load is imposed on the power supply.

low base speeds the size of control or
power supply must be increased.

4— 1\ 3-hp drive is needed with speed
range from 1730 to 173 rpm and con-
stant horsepower over the entire speed
range with safe temperature, etc. What
motor base speed would be best. and
what size of power supply would be re-
quired to satisfly these conditions?

(a) — Because it has the smallest frame.
assume a motor with a base speed of 17530 rpm. The Mototrol
provides the required speed range below base speed by arma-
ture control. By armature control the standard motor and
power supply are designed to supply only constant torque
(Fig. 4). M 175 rpm the standard 3-hp Mototrol, with base
speed of 1750 rpm, delivers 0.3 hp instead of the required 3 hp.

(h) -The motor full-load current does not materially change
it the motor is designed for ditferent base specds. Then why
not use a base speed of 175 rpm? This will permit the use of a
3-hp power supply, too. But how can the speed be increased
from 175 rpm to 17502 Normally, the Mototrol uses tield
control. giving constant horsepower above base speed. How-
ever. 3 to 1, or possibly 4 to 1 in special cases, is about the
maximum adjustment possible by field control or 175 rpm X3
(or 4) =323 or 700 rpm maximum.

(¢) —The best condition is found between (a) and (). On a
constant-hp drive over the entire range such as this one, start
at the highest required speed and see what part of the speed
range can be accomplished by field control. Field control gives
constant horsepower within the three-to-one range above base
speed of the motor. Here 1750, 3 rpm =383 rpm. Using this
figure as the base speed, the rest of range down to 173 can be
obtained by armature control. It is true the 3-hp motor frame
at 383-rpm base speed, designed to give constant horsepower
by armature control down to 175 rpm, will be about as large
as a 10-hp motor at a base speed of 383 rpm because at 3 hp
and 383 rpm, torque equals 27.01 {t Ib. and at 3 hp, 175 rpm.
torque equals 90 ft Ih. As the torque has gone up 3% times the
power supply must be equivalent to a 10-hp Mototrol.
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carry overloads up to 20 per cent of
motor rating for short periods re-
quired during starting and normal
acceleration.

However, a tube is damaged by
overheating (on overloads as heavy
as 200 per cent) much quicker than
the motor itself. Hence, the Moto-
trol should not be used for continuous
overloads or even for overloads of
one half hour without careful check.

To guard against too great an
overload on the tubes and also to
obtain desirable accelerating torque
adjustment, the current-limiting de-
vice is standard on all units. The
motor current is limited by proper
control of the thyratron grids. The
range of current adjustment is from
less than the full-load motor current
to double the full-load current. On
standard drives, this is set for a
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Fig. 5—Torque-horsepower curves showing that
with constant horsepower and reduced speed,
torque increases. Also, with a constant-torque
component and reduced speed, the horsepower
component decreases directly as the speed.

creased. If the torque is constant
and the speed is reduced, the horse-
power required is decreased in direct
proportion to the speed. The curves
in Fig. 5 show these two conditions.

Unless the application dictates
otherwise, the frame size of the d-c
motors used is selected to furnish
constant torque, the required con-
stant current over that speed range
being controlled by adjusting the ar-
mature voltage. Over this range, the
field voltage is held constant. This is
usually from the base speed of motor
to its minimum operating speed.

The standard power-supply unit
is designed to supply safely a con-
tinuous, constant current equal to
the rated full-load motor current at
base speed. It provides smooth, step-
less control of motor speed from just

maximum of 200 per cent of rated

a few revolutions per minute (enough
to keep the motor rotating uni-

motor current. In other words, it

provides a starting torque of 200 per

cent and a pull-out torque of 150 or 160 per cent. Aside from
the protective feature, this current-limiting device permits
adjustment of the maximum starting torque of the motor,
The machine and its accessories are protected by the lessened
starting shock load and smoother overall operation,

In addition to this overload protective feature, the stand-
ard Mototrol is equipped with regular linestarter overload
and low-voltage protection, plus the inclusion of fuses in the
armature circuit.

Overall Efficiency—Where single-phase rectification is used
the overall efliciency from a-c line to d-c motor output is 43
per cent or more. On units where polyphase rectification is
used, the overall efficiency is 60 per cent or more. These
efficiencies may seem low, but they are comparable to the
overall efliciency of an adjustable-voltage svstem using a
motor-generator set. Considering the a-c to d-¢c motor-gener-
ator set, direct-connected exciters, field rheostats, and d-c
motor, the efhciency is of the order of 50 per cent. Also, it
should be recognized that where the advantages and features
of a Mototrol are desired, exceptional efficiency is usually
secondary to functional performance.

Principles of Application

The proper application of a Mototrol drive is no more com-
plicated than the application of an ordinary d-c motor where
adjustable armature and field voltages are used. The anode
(power) transformers and electronic-control cabinet can be
considered as the source of adjustable-voltage d-c power (a
motor-generator set would be used for this purpose on stand-
ard adjustable-voltage drives) for the shunt-wound d-c motor
and should not be considered as complicating the actual
application of the Mototrol.

A brief discussion of constant-torque and constant-horse-
power drives will clarify the requirements for the application
of these drives. Motor horsepower, in terms of speed and
torque, can be expressed as follows:

Torque (ft-1b) =hl)X52EQ; or hp=g)rqu£_><rlln
rpm 5250

If the horsepower load is constant and the speed is reduced,

it is obvious from the above equation that torque has in-
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formly) up to base speed of the
motor. However, at extremely low
speeds with constant-torque load, the motor temperature
will exceed the rise of 40 degrees C allowable at base speed
but will still stay within safe operating temperatures.

On motors with base speeds of 500 rpm and higher, speeds
from 1/20 to full base speed are obtained with standard units
by armature-voltage control only (constant field voltage). A
speed range of more than 20 to 1 is easily obtained by arma-
ture-controlled motors of higher base speed, but the charac-
teristics of the particular motor in question should be checked
so that safe operating conditions are not exceeded.

Where speeds higher than the base speed of the motor are
required, the standard control or power supply unit is so de-
signed that the motor field can be weakened after an arma-
ture voltage corresponding to base speed has been reached.
In this case all speed adjustment over the entire range of
both armature and field control is done on one dial of the
control station. Approximately half of the dial circumference
controls the range from zero to base speed and the other half
provides field weakening and therefore provides speeds from
base speed to maximum rated speed.

Over the speed range from base speed to maximum speed,
the motor develops constant horsepower. This means that
the torque characteristic of the motor, at speeds higher than
base speed, drops off almost in reverse proportion to the
increase in speed. (See equation at left.)

A range of three to one above base speed can he obtained
by tield weakening if the high speeds thus obtained are within
the electrical and mechanical limitation of the motor. The
operating range curves of a standard Mototrol drive are
shown in Fig. 4.

While the field of application of the motor-generator set
and the Mototrol are apparently similar, cach has its place
where it is economically or functionally the better. A motor-
generator set is generally cheaper on less involved controls.
Where close control over a wide speed range is necessary,
Mototrol is cheaper. The Mototrol also provides closer speed
adjustment than standard adjustable-voltage motor-genera-
tor controls. By eliminating one rotating element, the gener-
ator, overall vibration is minimized and substantially less
floor space is required.
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The Fame and Fortunc of Magnesium:

Magnesium is the number one glamonr metal of the day, but it has required two world wars to bring

it to a place of importance among the major metals. Now' that war's insatiable demands for incendiaries

and for airplanes have resulted in a U. S. production capacity of about three hundred thousand tons

amnnally, and with the enormous improvement in magnesium technology that is resulting, the many

alloys of magnesium—the lightest of all metals—will be important as postwar structural materials.

E.\l)ERS, they say, are developed by crises. Magnesium is
like that. In the last war magnesium, previously almost
unknown, gave a hint to its future possibilities. But it was too
voung; it needed much more development before it could
take a prominent place in the family of metals. So interest in
it lagged until this second war emergency appeared. Because
this war is fought so much with planes and with bombs,
magnesium has been brought suddenly to the fore and has
become co-leader with aluminum among the light metals.

As with anything that skyrockets to fame, much publicity
has come to magnesium. Some of it is favorable, some un-
favorable, some true, much untrue. Rising swiftly as it has
through a welter of economic influences and the exigencies of
war, magnesium has become surrounded with uncertainties,
disagreements, misunderstandings—even among those who
hve with it. This, too, is natural, but through it all there is
the unmistakable evidence that magnesium has earned a
place of deserved leadership in the world of materials.

Magnesium experienced a llurry of activity during the
last war. Some five companies in the United States went into
business of recovering it from ores. Production in 1918 was
about 140 tons, which is less than a single day’s output now.
This trivial quantity was used in magnesium flares and other
pyrotechnics of warfare.

Came the armistice, and magnesium production in the
United States grew only slowly. By 1928, all but one of the
five producers had turned to other, more promising matters.
Only the Dow Chemical Company continued to manufac-
ture magnesium, although the American Magnesium Com-
pany, one of the original five producers, continued to cast
magnesium and now is one of the world’s largest producers
of magnesium castings. Even as late as 1939 Dow was the
only United States producer of magnesium. To Dow must go
a great deal of credit. Dow had the foresight, the persistence,
and the willingness to spend millions over a lean and un-
promising period of nearly 20 years to simplify magnesium
production, to reduce its cost, and to heip develop it into
a practical engineering material. Without all this invaluable
production and development work our light-metals program
at the outset of the war would have been in an even worse
predicament than it was.

Magnesium and aluminum are the twins of the light-metal
family. Like many twins, they are similar in many ways, but
are far different in others. They look much alike, so much so,
in fact, that the average person cannot distinguish between
them. On the other hand, aluminum is produced by one
process; magnesium by several. Aluminum is attacked by
alkalies but resists most acids; magnesium is resistant to

Magnesium extrudes well, if done hot, and is now available in a
wide variety of shapes. (Photo conrtesy American Magnesium Co.)
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alkalies but is attacked by most acids. Aluminum and mag-
nesium are at the same time competitive and mutually de-
pendent. While their lightness in weight makes them com-
petitors for many structural purposes, cach is an important
alloying constituent of the other. In price, at present, they
are comparable. Aluminum sells fo 13 cents per pound, while
magnesium costs about 20.5 cents per pound. On a volume
basis magnesium costs less than aluminum (in the ratio of
23 to 20) because lightness in weight is magnesium’s out-
standing physical characteristic. Magnesium is the lightest
of all structural metals, heing one third lighter than alumi-
num. The specific gravity of magnesium is only 1.74, and a
cubic foot of it weighs but 112 pounds, which compares with
175 for aluminum, 430 for cast iron, and 700 for lead.

Magnesium as a Material

Magnesium presents the anomaly of being an old metal,
(it was first isolated more than a hundred vears ago) but
the technology of its use as compared with other metals is
initsinfancy. Aluminum, by comparison, is old and thoroughly

*In the gathering of material and checking of manuscripts on this and
the following article on magnesium. invaluable assistance was rendered
by technicians and executives of many organizations, among whom are:
The Dow Chemical Co., Kaiser Co., Flectro Metallurgical Co., Basic
Magnesium, Inc.. American Magnesium Co., Aluminum Company of
America, War Production Board, and Bureau of Minces, Pullman, Wn.




established. Thorough investigation of the properties of
aluminum, its alloys, and their fabrication, has been in prog-
ress for 30 vears. Magnesium, on the other hand, is not so
well known in this country. For one reason or another rela-
tively few design engineers have taken any interest in it as a
structural material. This accounts for the many obstacles
that have lain in the wav of its use. of the wide difference of
opinion between metallurgists in aircraft plants but a few
miles apart. In discussing magnesium now and in attempting
to evaluate its future, the fact that its technology is still so
voung must be kept in mind. As an example, the tensile
strength of the best cast or wrought magnesium alloys avail-
able today is 30 per cent higher than the best of 20 vears ago.

Magnesium has three major kinds of uses—as a chemical
agent, in pyvrotechnics, and as a structural material. Mag-
nesium’s strong aflinity for oxvgen is put to good use in
many non-ferrous metallurgical processes as a deoxidizer and
scavenger. Pure magnesium, for example. helps remove
bismuth from lead. Magnesium is also used in many chemical
processes as a catalyst in the formation of complex organic
chemical compounds.

The wartime demand for magnesium to be used in flares,
tracer bullets, incendiary bombs is almost insatiable. Mag-
nesium, when the conditions of surface area and temperature
are right,burns with an intense white light and with the release
of enormous quantities of heat. The temperature created by
a burning magnesium bomb is of the order of 3000 degrees F.

The big peacetime future of magnesium is as a structural
material. Preponderant reason for this is its light weight.
Its other physical characteristics. however, are equally im-
portant for their bearing on the place magnesium is to take in
the family of materials. Magnesium melts at 1204 degrees F;
aluminum at 1220; lead at 620; iron at 2800. Its thermal
conductivity is only 44.4 per cent of the International An-
nealed Copper Standard, or 79 per cent of that of aluminum.
The electrical conductivity of magnesium is low, only 38.6
per cent of copper standard and 03 per cent of aluminum on a
volume basis. For the same weight magnesium has nearly
twice the electrical resistance (197.7 per cent) of copper and

one lourth more (128.6 per cent) than that of aluminum.

One limitation of magnesium is the adverse effects of
notches or sharp corners on its strength. All metals are notch
sensitive to some degree, and with magnesium the effect is
especially pronounced. Much research work is under way to
determine the cause and to eliminate this shortcoming with
magnesium allovs. The notch sensitivity of some magnesium
allovs has been somewhat improved by heat treatment.

Magnesium is not suitable in a pure form as a structural
material; it alwayvs appears in an alloy form, of which there
are already many thousands. By 1937 patents covering about
3000 compositions had been granted and many more have
been issued since. Aluminum is used as a hardener in mag-
nesium castings and to assist in grain refinement. The cast-
ability of magnesium-aluminum alloys rises with increasing
aluminum content up to about 10 per cent aluminum. Zinc
also improves physical properties of magnesium-aluminum
allovs, but it is usually limited to not more than three per
cent of its total. Small amounts of manganese (14 to 214 per
cent) have a beneficial effect on the corrosion resistance of
magnesium and magnesium alloys. One theory of this im-
provement is that thisis due to a purifving effect.

Magnesium allovs are strong. As shown in table I, the
ratios of strength to weight of magnesium alloys are equal or
superior when determined for tension, vield, and fatigue to
aluminum alloy, low-carbon steel, or grev cast iron. If the
high-strength allovs of magnhesium and aluminum are con-
sidered, the vield-strength range would be 30 (00 to 30 000
for aluminum and 25 000 to 40 000 for magnesium. Because
aluminum is half again as heavy, on the basis of equal weights,
magnesium allovs are as good as, and perhaps bhetter than,
allovs of aluminum.

Magnesium allovs make superb castings. In fact, about 83
per cent of the magnesium used as a structural material is
used in the form of castings. Magnesium allovs require no
radically different technique for sand, permanent-mold, or
die casting. The extraordinarily good machinability of mag-
nesium-alloy castings—not exceeded by any other metal—
is one of their outstanding features. The fire risk is small,
provided the cutting tool is kept sharp and
heat is not allowed to accumulate. Feeders
and risers of magnesium castings must be
higher than with other metals. Also, the loss
of magnesium resulting from oxidation dur-
ing melting totals about three per cent even
with care, which corresponds to about one-
half to one per cent for aluminum.

Magnesium extrudes well, but at neces-
sarilv slower rates than other metals. Fixtrud-
ing and forming magnesium allovs are best
done hot. Standard bars, rods, and a wide
varietv of structure and special shapes are
available. Magnesium alloys can bhe forged,
preferably with press equipment. The rate at
which magnesium can be deformed without
injury to its grain structure is much lower
than aluminum or steel. As a consequence
the technique of wrought magnesium allovs
has lagged. Until recently, work in this direc-
tion has been severely limited by the lack of

Most structural magnesium goes into castings,
which do not require much change in usual
Joundry practices. (American Mag. photo.)
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Magnesium can be hot volled into sheets, althongh relatively little
of this has been done todate.| American Magnesinm Company photo.)

even small quantities of the metal that could be spared from
more urgent war demands for experimental purposes. It is
to be expected, however, that satisfactory methods will be
developed for working magnesium under the hammer.

Relatively little work has been done in this country with
magnesium sheet, although German planes with wing sur-
faces of magnesium have been shot down. Magnesium sheet
can be, and in some cases is being rolled on conventional
aluminum rolling mills (at reduced rolling speeds because,
again, of the critical limit to the rate of magnesium defor-
mation) and is best done hot. The handicap to the use of
magnesium sheet has been its tendency to corrode, particu-
larly in the presence of salts. Tn 1924 a magnesium casting,
unless carefully protected by paint, would be attacked
seriously when exposed to tap water for only a few hours,
Much improvement has been made, and although some
engineers are still pessimistic there is evidence that much of
this weakness will be mitigated or eliminated by the use of
anodizing or other surface protective processes, or by the ap-
plication of platings or coatings. Corrosion resistance has
been greatly increased by puritication from traces of iron and
nickel. Some enthusiasts predict, with some foundation, that
in airplanes of the future not only will most of the engine and
other parts be made of magnesium, but also the fuselage and
wings will be comprised of magnesium sheet.

Assuming improvement in corrosion resistance and pro-
tective treatments, magnesium offers striking advantages
for large surfaces, not so much to save weight as to increase
rigidity. For equal weight and stiffness, a sheet made of mag-
nesium alloy is much thicker than if made of any other metal.
Because rigidity increases as the cube of the thickness a mag-
nesium panel is two and one half times as rigid as one made of
the same weight of aluminum. Thus a magnesium sheet has
a high resistance to buckling and bending. Greater rigidity
lessens—or perhaps even eliminates—the amount of bracing
required and reduces the time, labor, and expense in fabrica-
tion. This may become a big factor in airplane manufacture.

Also important in plane fabrication is the weldability of
magnesium. A process for the welding of magnesium in a
protective atmosphere of helium has been developed by
Northrop Aircraft, Inc. Much magnesium welding is being
done with safety and with excellent results by gas, arc, and
electric-resistance methods.

Magnesium has already been applied to suflicient uses to
give it place among major engineering materials, even if

TABLE [ ~COMPARATIVE STRENGTHS OF MAGNESIUM
AND OTHER ALLOYS

| Tensile Strength | Yield Strength | Endurance Limit
| Actualt Ratio® | Actualf Ratio* Actualt Ratio*
i ——

Magnesium

Alloy-wrought 45000 24 800 | 33 000 1R 900 | 18 000 10 000

Magnesium-Alloy |
Sund-Castings
Heat-trested, Aged

|
35 000 19 400 [ 18000 10 000 | 11000 6 100

Aluminum |
Alloy-wrought 62 000 21 000 | 40 000 14 400 | 15 000 5 400

Structural Steel ol 000 7 700 | 38 000 4 900 | 33 000 4 300

25000 30600 | 15 000 21—0;

| 30 000 4 S00

Gray Cast Iron

+ These values are typical. In the case of each metal the actual values extend over
quite a range, both higher and lower.

* Stre:lgth-welght ratio is the actual strength divided by the specific gravity of the
metal.
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metallurgists should not be successful in solving any of its
remaining problems—an obviously unwise assumption. In
the last analysis, the extent of its use will be determined by
its ultimate cost.

Cost of Magnesium

Its cost history has duplicated that of other materials
that once were rare but are now produced in large quantities.
In 1915 magnesium cost $3.00 a pound, but the efforts of the
Dow Chemical and the four other companies making mag-
nesium during World War I brought the price in 1921 to 81.30.
During the twenties and thirties the price dropped steadily;
in 1925 a pound of magnesium sold for 86 cents; in 1930, 48
cents; 1939, 27 cents. The price has now leveled off at 20.3
cents per pound, where it will likely remain for the duration.

With our enormous war-born production capacity, what
the price will be when and if normal economics resumes con-
trol remains to be seen. The cos{ can reasonably be expected
to drop some but probably not much. Which of the several
processes and many plants (sce the article beginning on p. 46)
will hold up in a freely competitive era 1s a matter of con-
jecture. Fach process has its ardent supporter who can
“prove’ that his process and his plant is a low-cost, if not the
lowest cost, producer. Obviously they can’t all be right. Any
honest appraisal now is out of the question because the mag-
nesium-production figure is at present a tangled web of
private capital, government subsidy, hurriedly built (and
sometimes wastefully built and inefiicient) plants, and inter-
relationships with other processes and products.

However, a large element of the cost of magnesium is
bound to be the charges for electric power or for fuels. In
some processes electric power is an integral part of the re-
duction. The electrolytic reduction of magnesium chloride,
as done by Dow or by Basic requires about 7.3 to 9 kilowatt-
hours per pound of magnesium produced. For the Per-
manente process (carbothermic) a figure of eight kilowatt-
hours per pound has been given. The ferrosilicon process
requires in the arc furnaces about five kilowatt-hours to

(Continued on page 56)



Magnesium Sources and Manufacture

No nation can ever monopolize the sources of magnesium, Among metals it is surpassed in prevalence

only by iron and aluminum. 1t occurs in many ores, profusely scattered in large quantities over the earth.

No nation that has a seacoast can be denied a supply of magnesium. Although the magnesium concen-

tration in sea water is but 0.13 per cent, each cubic mile of the acean contains four and a balf million

tons: each 100 gallons contains about a pound. About a dozen plants using a variety of processes are

producing magwesium in large quantities from several different ores, from brines, and from sea water.

TR magnesium problems are not concerned with raw-

material supply. The task is to induce magnesium to
part company with its chemical pals. Magnesium is an ex-
tremely friendly element, which is the reason it is never
found uncombined in nature. The main problem, and many
factors of its cost, lies in its strong chemical ties because a
great deal of energy is required for its isolation.

Whereas aluminum is produced at present by a single,
universal process from a single ore. i.e., electrolysis, in a
cryvolite bath of aluminum oxide obtained from bauxite,
magnesium is produced by a variety of methods from several
of its native forms. No two magnesium plants are alike.
Iiven those using the same general scheme of preparation
differ materially both as to important aspects of the chemis-
try involved and as to the mechanics of the plant. Also,
whereas there are no by-products in connection with alumi-
num manufacture, important by-products are associated with
magnesium production, or the process is intimately as-
sociated with some other manufacturing process. In some
plants the production of magnesium is so contingent on the
by-products or associated processes that it would be other-
wise too costly.

In general, there are two basic ways now used to produce
magnesium. One is by eclectrolysis of fused magnesium

In the carbothermic process, magnesium is recovered as a
crust of beautiful crystals. (Phato courtesy Kaiser Co.)

chloride. The other is by thermal reduction of the oxide of
magnesium, of which there are two processes, one using car-
bon as the reducing agent, the other employving silicon.

Magnesium from the Sea, via Electricity

Most publicized and fancy exciting is the recovery of mag-
nesium from the salt of the ocean. Two plants, at Freeport
and adjacent Velasco, Texas, operated by Dow, are the largest
and best known of this type, but there have been others.

Extraction of magnesium from sea water requires, of
course, much more than a convenient strip of beach. It is
the possession of the right combination of many factors that
makes the Texas site almost ideal. It is so situated that the
waste water can be discharged miles from the intake, pre-
venting dilution. The Dow process calls for lime, and to this
end oysters of millenniums ago fortunately contribute. In
Galveston Bay, only 50 miles to the east, are almost un-
limited quantities of ovster shells to be had for the dredging.
The nearby petroleum field provides inexpensive fuel; a part
of the electric power is purchased from local utilities; the
remainder is developed from waste heat.

Oyvster shells by the barge load are washed and roasted
in an ordinary rotary kiln to produce lime.

CaCOz+heat———CaO4CO»
The lime 1s slacked with water to form a hydroxide
2041 1,0——Ca(OH),
which i1s mixed in huge Dorr settling tanks with raw sea
water pumped in from the Gulf. The chlorine and the cal-
cium enter into partnership, leaving the magnesium to join
with the hydroxide.

MgCla4-Ca(OH)y———CaCla4Mg(OH).

The calcium chloride is a worthless liquid that returns to
the sea with the waste water. 'The magnesium hydroxide, an
almost insoluble precipitate, is scraped off the bottom of the
settling tanks as a dazzling white sludge. Magnesium hydrate
sludge is filtered to remove additional CaCl: solution, and
the magnesium hydrate is then neutralized with hydro-
chloric acid.

Meanwhile, hydrochloric acid has been prepared by burn-
ing natural gas to which has been added chlorine from the
electrolytic cells. The acid is added to the magnesium hydrate
in rubber-lined tanks to form the desired magnesium chloride.

Mg(OH)s+2HHCl——— M gCla4- 21,0
The bulk of the water in this mixture is extracted by passing
the milk-like mixture through large canvas filters. Other
successive steps in the drying of the magnesium chloride
include passage in series through a direct-fired evaporator,
sheif drvers, and finally a rotary kiln. Even then the chloride
is not completely dry. However, in this form—a whitish,
granular substance—it is suitable for charging into the
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and water vapor which are later reused in converting the hyvdroxide to the chloride.
Essentially, this is the same process as used at Midland, Michigan, where the Dow
Chemical Company spent many vears developing the electrolyvtic process. This Michigan
plant was, for many years, the only producer of magnesium in the United States. Instead
of sea water and oyster shells as raw materials, the Midland plant uses lime prepared in
the usual manner, and brine pumped out of natural salt wells 1100 feet deep. The mag-
nesium concentration of this brine is about five times greater than in sea water.
Electrolytic reduction of magnesium chloride has many variations worked out by in-
dividual companies either to suit other processes in which magnesium is only incidental,
an important by-product, or to suit some particular source of the metal. The Diamond
Alkali Company has a plant in Ohio using the Dow type of cell to produce magnesium
from waste liquor and from calcined dolomite. The Mathieson Alkali Works has developed
a different type of cell. In it, concentrated chlorine gas—a critically valuable material—
is produced from the magnesium cell as a by-product instead of dilute hydrochloric acid
and chlorine as in the Dow cell. The Union Potash Company at its Carlsbad, New
Mexico, potash-producing plant has a substantial quantity of surplus liquor, carrving 16
to 18 per cent magnesium salts. This waste liquor is converted to magnesium chloride
for use in this company’s new plant in Texas in conjunction with dolomite mined near by

Magnesium from the Desert

Before the war the English had an electrolyvtic plant, Magnesium Elektron, Limited,
in operation based on a process developed in Germany, and using Grecian magnesite.
When the demand in England for magnesium—particularly for incendiaries—became so
great, it was decided to bring this process to the United States. This resulted in the giant
plant of Basic Magnesium, Inc., located at Las Vegas, Nevada, which is separated from
the Boulder Dam power house by a few miles of desert and barren hills.

In this plant, as in the Dow plants, magnesium is obtained by electrolvtic reduction of
magnesium chloride. However, the Basic process arrives at the chloride for the electrolvtic
cells by a totally different route—from ore instead of sea water. At Gabbs, Nevada,
three hundred miles from Las Vegas, is a large deposit of magnesite (MgCQ3). This is
concentrated at the ore site by conventional mining methods (flotation), and then roasted
to form magnesia (MgO). This is trucked to Las Vegas where it is mixed with pulverized
Utah coal. The mixture in dust form is moistened with magnesium chloride, which is
made by neutralizing hydrochloric acid with magnesia, and pressed into small pellets for
convenient handling.

The chlorine gas necessary for producing magnesium chloride is manufactured from
salt brought in from the beds of prehistoric salt lakes on the desert of California not
far from Death Valley. Chlorine is liberated in electrolytic cells with low-cost power from
Boulder. Sodium-hydroxide, the other cell product, is a valuable by-product.

NaCl4+HyO0———Cl+Na(OH).

The chlorine gas and the pellets meet in an electric-arc
furnace and result in the dry (anhydrous) molten mag-
nesium chloride required for the electrolytic cells.

4C14C+2MgO+heat——2)MgCla+COs
From these cells, as at Freeport, molten magnesium ‘is
scooped off at intervals. Chlorine is continuously liber-
ated for reuse in the cvcle. Because the magnesium
chloride is completely dryv the Basic process is performed in
a closed circuit.

Magnesium from Ore, via Heat

Metallurgists have long been determined to find a
method of obtaining magnesium directly from ore by
thermal means. The oxide of magnesium (magnesia, MgO)
can be obtained fairly readily from either of two ores,
magnesite (MgCOs) or dolomite (MgCQ;-CaCOs3), both
available in good quantity and quality. The reduction of
this oxide requires some element that is more attractive at
a high temperature to oxygen than is magnesium. Fun-
damentally, the problem is to perform this simple reaction.

MgO+X_"_""Mg+X0
This reaction proceeds to the right only by the addition
of considerable heat. Unless the temperature is maintained
or unless the right-hand products are in some way sepa-
rated, the reaction returns to the left, and with violence.
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In some processes magnesium solidifies as beautiful shiny crystals. (Photo by National Research
Corp.) Lower left is view of electrolytic-cell room for preparation of chlorine in Basic process.
Lower right are magnesium *“cheeses” and a two-ton alloying furnace at Basic Magnesium,
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Of several possible reducing agents that can be used for X in the equation preceding,
two—carbon and ferrosilicon—are the only practical ones.

Two major processes for producing magnesium by the thermal reductions of magnesia
are in large-scale use. Both entail large capital investments. One is by the use of carbon
and is called the carbothermic or, more popularly, the Hansgirg process. The second
method is to use ferrosilicon and is referred to as the Pidgeon process.

Fabulous Permanente

The Hansgirg process was brought to this country at the outbreak of the war by Dr.
F. J. Hansgirg, Austrian scientist. In theory his process is simplest of all and potentially
should produce low-cost magnesium. The practical execution of the scheme has been
fraught with many technical difficulties. Basically, Hansgirg’s idea is to heat a mixture
of magnesia and carbon in the electric furnace, the carbon divorcing the magnesium from
the oxygen, according to the simple equation in which X is carbon

MgO+C+heat Mg+CO

At about 1830 degrees C the oxygen abandons the magnesium in favor of the carbon. The
problem comes in preventing the above-mentioned explosive reversal of the process. The
two reaction products—magnesium and carbon monoxide—of this arc-furnace pro-
cedure are gases intimately mixed. Success of the process requires some means of sepa-
rating magnesium vapor from the monoxide. The Hansgirg idea is to lower the tempera-
ture of the mixture with great suddenness—from 1850 to about 200 degrees C in a hun-
dredth of a second by the introduction of large volumes of relatively cool gas. Hansgirg
originally proposed hydrogen. The vaporized magnesium is caused to solidify by shock
cooling so suddenly that the reaction does not have time to reverse. The magnesium vapor
separates as a fine powder, which is recovered by filtration. The cooling agent, hydrogen,
can be purified of its carbon monoxide for reuse.

The catch lies in this shock cooling. Obviously it entails a set of conditions of great
potential hazard. Magnesium, being of the ultimate fineness (i.e., maximum surface
area), burns, if exposed to air, with the fierceness characteristic of incendiaries. The mix-
ture of hydrogen and carbon monoxide, too, clearly is hazardous. And besides, tempera-
tures involved in the process are high.

Henry J. Kaiser believed he could circumvent these hazards by practical controls of the
process. He had the faith to build his famous magnesium plant on a gigantic scale at
Permanente, a few miles southwest of San Francisco.

The magnesia (MgO) for Permanente could have been prepared by any of several
methods. Kaiser elected to do it by a combination ore and sea-water process. Dolomite,
mined near by, is reduced to the oxide form in a simple reaction

MgCO;-CaCO;+ heat: MgO-CaO+2C0.

This is hauled to Kaiser’s ocean-side plant at Moss Landing, California, where it is
mixed with sea water, resulting in the hydroxide which is
heated to form the magnesia
MgO - CaO+ MgCly+4 2H,0———2Mg(OH)2+CaCla
Mg(OH):+heat MgO+H.0

The water is evaporated, and the white granular magnesia
is shipped to Permanente. There it is mixed with carbon
obtained from petroleum coke, crushed in ball mills to an
intimately mixed powder, anc pressed into pelle's about
the size and shape of peach seeds. These pellets are
charged into large arc furnaces where the Hansgirg reac-
tion takes place. However, instead of using hydrogen for
shock cooling, enormous quantities of natural gas from
the nearby petroleum fields are used. The magnesium
vapor, suddenly chilled, is condensed to an exceedingly
fine powder, much of which drops to the bottom of the
air-tight condenser and is removed by a screw convevor.
Most of the magnesium dust remains in the monoxide
stream and is removed by a bag-type dust collector. The
magnesium powder—still kept from the air—is com-
pressed to briquets, which are fed into air-tight elec-
trically heated retorts. The magnesium distills into a
thick crust of pure and beautiful crystals that can be
handled openly without hazard. This, of course, has the
disadvantage of being a batch process. The natural gas,
enriched by the carbon monoxide, continues to Kaiser’s
cement plant, a stone’s throw away, where it serves as fuel.
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Clearly the Permanente variation of the Hansgirg process
is not without potential hazard. The final proof always lies
not in the theory but in the record. If rumor had its way,
Permanente Magnesium would have been a ghost plant long
ago. But it isn’t. To he sure, accidents, some fatal, have
occurred at Permanente. Those closely connected with the
Permancnte operation insist that the accidents, which rumor
has exaggerated in number and scope, have not resulted
from the shock-cooling process but were accidents that occur
in any industrial plant as large as Permanente. Magnesium is
being regularly produced in quantity at Permanente.

Much experimental work is being done in various labora-
tories to find alternatives for Ilansgirg's hyvdrogen or Per-
manente’s natural-gas shock cooling. Conspicuous is the
work of the Burecau of Mines done at the State College of
Washington under the direction of Mr. 1. A. Doerner. Shock
cooling is accomplished by a spray of kerosene instead of gas
and most of the oil evaporates in the shock-cooling step. The
magnesium dust is collected with a small portion of the liquid
oil and is casily separated from the relatively small volume
of gas and oil vapor.

Magnesium from Ore, via Silicon

The sccond candidate for X in the thermal-reduction equa-
tion is silicon. This process originated vears ago in Germany,
and has been tried in England, but has been brought to a
high state of practicability by Dr. L. M. Pidgeon of Domin-
ion Magnesium, Limited, of Canada, and by the Electro
Metallurgical Company of the United States. Upon the
recommendation of the National Academy of Sciences, sev-
eral ferrosilicon plants have been built in this country.

Ferrosilicon is a powerful reducing agent. It is expensive
(S135 per ton) and is much in demand in steel making and
other work. It, too, is a product of the electric-arc furnace,
which is one feature limiting its use in magnesium produc-
tion. The conventional method of making ferrosilicon is to
charge iron ore, silica rock, and coke into an arc furnace
where the heat produces ferrosilicon as a liquid, which freezes
to lava-like lumps of silvery blue luster. Ferrosilicon is
primarily silicon dissolved in the iron, rather than being a
chemical combination of the two. The pair is forced into
temporary partnership by the electric arc forming a product
that is a strong reducing agent.

For the ferrosilicon process, dolomite (MgCO;-CaCOs) is
preferred to magnesite (MgCOs) because, without calcium,
part of the MgO goes to form MgSiO; from which the mag-
nesium cannot readily be recovered. Advocates of the ferro-

TABLE I—THE PRINCIPAL SOURCES OF MAGNESIUM
AND THEIR OCCURRENCES

: Per Cent
; Chemica
Form - b Occurrence and (Amount)*
Formula \\'ex)x’lll
Magnesium MiCiy 013 Ocean {unlimited)
Chloride 06 Great Salt Lake (large)
4.2 Dead Sea (large)
2.0 Strassfort Salt Beds (very large)
08 Michigan Brine Wells (large)
4.7 Elton Lake, Russia {large)
Magnesite MO 28.7 Austria, Greece,  California,

Washington, Nevada, New
Mexico, Russia, Canads, Man-
churia (large)

Dolomite | MygCOs-CaC0; | 13 8 New York, California, and
other  states  (very  large)
Great Britain (large)

Brucite MOl i1.06 Nevada (large) only important
source

Serpentine M2 - 2510, Available in large quantities in

0 many areas of the world, but

2
Kierserite MeSO:-H0 25.9
Epsomite MeSO7 10

Carnallite KCL-MyCly6H L) Strassfort  Salt  Beds  (very
lnge) Magnesium  obtained

by-product of  potassium
ull recovery

not economically workable at
present—known methods

*These are the only ones of outsianding importance at t. There are many other
sources of magnesium in brines and ores both in the United Qtalu and elsew A

silicon process point out that thisability to use MgCO;-CaCOs
instead of MgCQj is a singular advantage because dolomite
is more prevalent than magnesite.

In Dr. Pidgeon’s process the ferrosilicon and calcined
dolomite are separately pulverized, are then intimately mixed
in the proper proportions, and pressed without binder into
small pellets. The retort is a furnace, usually fuel fired,
through which extends many horizontal stainless-steel tubes,
8 or 10 inches in diameter. A charge of pellets is rammed into
these tubes, covers clamped on, and a vacuum of about one
hundred thousandth of an atmosphere drawn. At a tempera-
ture of about 1200 degrees C the ferrosilicon relieves the mag-
nesia of its oxygen.

Si42(MgO-CaO)+heat —2Mg+2C a0 -Si0,

The magnesium leaves as a vapor, which is drawn off and
collected at the end of the tube as a crust of heautiful glisten-
ing crystals. The remainder of the pellets is calcium silicate,
Ca0 -Si0., still a solid. The iron remains inert in this pro-
cedure. In eight hours the reaction is complete, the vacuum
to that particular tube is broken, the exhausted pellets and
the iron, which has fluxed with the residue, are removed
and discarded. The tube is recharged with fresh pellets and
the cvcle begins again. While each tube operates on a cycle
basis, the furnace operation as a whole is continuous, the
heat never having to be shut off.

The ferrosilicon process obviously dodges the potential
hazard of the carbothermic process. One of the reaction
products (calcium silicate) is always a solid, leaving no op-
portunity for violent reversal.

An interesting and important variation of the ferrosilicon
process is that developed by the Electro Metallurgical Com-
pany, subsidiary of Union Carbide and Chemical Company,
and for which it has established a large plant near Spokane,
Washington. At this plant ferrosilicon is made in the con-
ventional manner in three-phase arc furnaces of Union Car-
bide design. Iron ore and quartz, both obtained from near-by

(Continued on p. 56)

As magnesium is ponred into molds for pigs a workman
sprinklesthe surface withsulfurdust. ( American Mag. photo. )
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electrolytic cells—the last step in the devious process of
securing free magnesium. Thus the Dow process starts with
magnesium chloride and by several chemical sleights of hand
arrives at the final stage with magnesium chloride. The rea-
son, of course, is to increase the concentration of magnesium
chloride and to free it from the many bromides, iodides of
silver, sodium and potassium that also reside in the sea.
The electrolytic cells are rectangular cast-steel pots six by
twelve feet set in refractory brick. The steel lining serves as
the cathode and graphite anodes are suspended from above.
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After electrolysis begins the electrolyte is kept molten (670
to 730 degrees C) by the passage of 15 000 to 20 000 amperes
at six to nine volts.

The magnesium liberated by heat rises to the top of the
electrolyte where it is skimmed off at intervals and cast into
pigs. The purity averages 99.9 per cent or better. A fresh
charge of chloride is added to the cell at intervals to maintain
the process. For cach four tons of charge, one ton of mag-
nesium is obtained. Other products of the dissociation in the
cells are chlorine gas, a weak mixture of hydrochloric acid,
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The Ignitron Mercury-Arc Rectifier
—War Machine Extraordinary

Machines don’t get medals. If they did, the ignitron would bhave one. The aluminum and

J- H. Cox
Head, Mercury Arc Rectifier
Section, Westinghouse Electric
& Mjg. Company

magnesium for three of each four airplanes built in the United States and Canada were
produced with direct current from ignitrons. Born of a research idea in 1931, the
ignitron had reached such a high state of development at the war’s beginning that it

was selected for the job because of many advantages and because it could be built quicker.

A.\‘OTABLE example of the wartime utilization by industry
of a relatively new device is the ignitron mercury-arc
rectifier. In the tremendous expansion that was made in the
facilities for the production of magnesium and aluminum in
the United States and Canada, over 80 per cent of the con-
version apparatus installed has been of the ignitron type.
Starting from a single 1000-kw experimental installation in
1939, there are now nearly 3 000 000 kw of ignitron rectifiers
of the 600-volt class in electrochemical service. This is equiva-
lent to 1000 of the 12-phase, 3000-kw units, the ones almost
invariably used for aluminum and magnesium ‘“pot” lines.
These figures of installed kilowatts of ignitron rectifiers do
not include approximately 175 000 kilowatts supplying pow-
er for railway, mining, steel mill and other services.

The reasons for the preference for ignitron rectifiers over
other means of conversion are as follows:

1—Higher efficiency.

2—Lower maintenance.

3—Lower installation cost and time.

4—Qperations are simple and many are automatic.

5—Less noise and vibration.

6—Availability—The quantity of conversion apparatus de-
sired for the expansion of light-metal production could not
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have been produced in machinery of the rotating types.
Development of Mercury-Arc Rectifiers

Among the many problems involved in the development of
the mercury-arc rectifier, the following three, which are to
some extent interrelated, have been the most important:

1 —Excitation, or establishment of the arc when needed.

2—Arc-back, or the spontaneous appearance of the arc
when not desired during the back-voltage period of the cycle.

3—Vacuum technique, or the provision of pure mercury
vapor of the correct density favorable for arc rectification.

In an arc between electrodes in a gas, electrons are emitted
from the cathode spot on the negative electrode, are trans-
mitted through the ionized gas, and enter the positive elec-
trode, thus constituting current flow. If a cathode spot is
created on one electrode and prevented from forming <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>