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GENERAl RA OIO f.Kl'ER IM EN T ER , 
A NEW STANDARD O F RELIABILITY 
IN VARIABLE AUTOT RANSFORMERS 

VARIAC' WITH DURATRAK 
The Vjlriae" conlinuou:;ly tt.tljustable 

autotran:Jormel' was flliOt introduced by 
General H:l.dio in 1933. It fou nd ready 
and ra.pid acceptance as a laboratol'y 
ini-ltrumcnt for the l'ontrol of alternating 
voltagcs. For 11 givcn ruting, it was 
mom cnicient, less cumbersome, cooler, 
1I(ld had bettcr regulution than resistive 
cont1'Ois previously employed for such 
service. 

These same fcatures P1'Oved to be 
(,'{Iuully attractive in the industrial field, 
and the "ariac rapidly moved out of the 
labOl'!l.tory ami into the imiustriai plant. 
This trend WIlS accelerated by the rapid 
e,X"pn.nsioli of the electron ic and electrical 
t'onlrol industries during and after 
Wodd War II. orr I:nme the "lab" cont 
Hnd on went the o\·crulls. 

This nell' usagc 1I'(Ll3 vastly dilTercnt 
from the original laborutory service. 
Variaes were ('xpcctcd to opera to twcnty
four hours /I day, month lifter month~ 
in SOme casc~, ycul" in and yelir out ~ 
often at some partieulur fixed setting. 
Riltings were pushoo to the limit, (ilnd 
oftf'n beyond) in ambient temperatures 
anu t:on1aminnting atmospheres that 
could not bc tolcratod in a laboratory 
bUL tiltH al'e industl'ial commonplaces. 
As a result, \' ariaes were subjected to 
service conditions f::lr more severe thall 
those for which they were originally de
signed. The rela ti vely few service fai lures 
under these conditions have been a COIl-

ALSO IN THIS ISSUE 
I':Xl' oI....>;"O.:O n.:I'''11I SEItI'ICES. 
H ANDBOOK 01" NOI$F. MEASORF.M E:-'1' 

r l'STtHlcr IO" M ANUA l, l 'OR SLOTn;u LI NE 

RKS i:: .\ IICIJ EQUIP:\I.:l'T i!:l'lElal' r . 

tinuing t,ribu\.e to their inhel'ently eOll
servative design, and the prompt, adjust.
ment of these few failul'es by our Service 
Department has meant a minimum of 
inconvenience to our customers, 

Service experience over the years has 
shown that perhaps 99% of the failures 
that do occur in continuously adjustable 
autotransformers are caused by over
heating at. the brush or, morc specifically, 
at the winding underneath the brush, 
resulting in a cumulative deterioration 
of the brush track. This ficld experience 
checks well witb wbat would be expected 
from the known design limitations of 
such dcvices, 

This problem has now been solved 
0..<; the resul t of au intensive develop
ment program started several years ago. 
Generul Radio's Bew J)uralrak PI'OCess 
makes the \' ariac as durable as a fixed
ra.tio transformer. 

DESIGN CON SID ER ATION S 
A Val·iac autotransformer is similar to 

11 conventional autotransfOl"nlcr or two
winding power transformer in many re
spects. It is also similar to u motor in 
having a carbon bl'llsh, and a moving 
clement and commutator. It. ditTers 
from a motor, however, in two funda
mental respects: (I) The brush is often 
left in a fixoo posi tion drawing full Cllr

rent for long periods of time, and (2) 
Variac brushc .. opcrate il.~ current dens!-
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, 
ties many times those encountered in 
motor practice due to the dimens.ional 
limitations of a commutator formed 
from the winding itself, the segmcnts of 
which arc spanned by the hrush. The 
hcnting thu.t occurs at the brush-to
commut:Ltor interface is ihus localized, 
whl'rC'M in II. motor the heat is distrib
ute<1 uniformly about the periphery of 
the COlllmuw.tor. 

This localized beating at the contact 
iii inhercnt in the device. In fact, control 
of this heating wus the key to making 
the \'ori:l.<' 11 practical commercial de
\"ice. In continuously adjustable auto
transformer!!, the brush makes contact 
wit h two or morc adjacent tUI'llS. There 
is therefore I~ circuJat ing current fl owing 
through the brush, in addition to the 
load currcnt. Tbe problem is to minimize 
the net pow('r loss by balancing power 
loss in the short-circuited turn against 
the power loss due to load current drawn 
out through the bmsh,' Analysis hus 
shown that the proper design cnlls for a 
brush eontnct drop such that the paWN 
dissipated is equal approximately to the 
full load current multiplied by the vails 
per turn of the winding, 

The actual lcmperature rise that re
sults from the power dissipation can be 
reduced by proper radiator dcgign but, 
bt'enuS(' of the relMively low thCl'mal 
conducti vity of carbon materials. ou ly a 
portion of the generated beat cnn flow 
into the I'adinlor and the balallce must 
flow into the copper winding, 

Cum ulative Deterioration 

With proper design of brush and radi
ator stru(;ture, the temperat.ure risc can 
be held to a reasonable value, Under 
severe load conditions, however, the 
exposed copper to which contact is madc 
tends to oxidize if t.he brush is left III a 
t Karp!,. &nd ""ule, U S Pa~nl '-'0. 2.009.0\3. 
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Vo.io,," 0 •• p.e<klon WOUIId on to.oIdol wind ... of OUr 
own d.,lgn ond ",onll'oc""., 

fixed setting for Ii long period of time, 
The oxides of copper have reJath'cly 
high resistance. and this cnuses a cumu
lalive hcating l'ffC('t under conditions of 
fixed load, ft i!; QlwiQllS that a pol.cntilll
Iy destructive cycle cxists in this sit.ua
tion. Under certnin !ldvc~e conditioll!! 
(high ambient, high Irmd, fixed brush 
setti ng. continuous operat ion. i.;f requellt 
maintenance). a d('Slru('li"e cycle can be 
illititltl'll "'hith \\"ill ullimatpiy lead to 
fuilure. 

The Re med y, Duralrak - an improved 
Commutator Surfa ce 

Intensivc st.udy of this problem led to 
tilt:' rculizat.ion tlwL the solution lay in 
developing It commutator sur'face whOl-\c 
contnct rcgistltncc or volt.agc d.-op would 
rcmuin relatively conRtant in the face of 
long-time expCfflur('t! to elevated temper
atures. A silver coating is, within the 
limits of our prescnt knowledge, com
pletely stable, and II method has now 
been developerl of applying it to thl' 
brush track. III the COUI"!lC of til£' cxllCri-
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GfNERAl ItAD IO fXPERIMENTIR • 
mental work. it was de~rmined that a 
large number of alloys and Doble metals 
met the requircment of stable contact 
resistance. It should be noted that the 
use of sih'cr and pr('{'ious metal alloy 
materials in general for electrical contact 
processes is as old as the electrical art 
itself. It is important to note. however, 
that in the usual a pplication tbese m~ 
terials arC' used for an ('nti rely different 
reasou. The usual objective is to obtain 
a low contact resistance, but in the 
Variac low resistance is of no help at all 
- the rC<luired resistnnce is prescribed 
by minimum loss considerations and 
must be high enough to limit circulating 
currents to safe values. A non-deteriorat.
ing surface is used to insure that the 
initial value of voltage drop is main· 
tained even if, under heavy load , the 
brush is allowed to remain at a fixed 
setting. 

FIELD TESTS 
For three years Variacs with the 

treated track surfnce have been under 
e.xtensive find tortuous tests in General 
Radio laboratories. While controlled 
laboratory tests arc important, every 

Ro.:k, wilh load of Ver . iou, "'en eoe, Into on oy'" 10 
bake !he "' .......... ltIne vomhh. 

engineer concerned with ind ustrial de
vices knows that ficld tests under a wide 
vnriety of condi tions are even morc im· 
portnnl. Accordingly, these new VarillCS 
have been extensively field tested in 
incrcllSing numbers as our confidence in 
performance and method of manufacture 
has grown. Field tests have been con· 
dueled under conditions of unusually 
severe sen'icc where old-style VariaC8 
had required an exorbitant amount of 
maintenance or had actually failed . 

In contrast, not a single 6eld failure 
has been reported to date with the 
several IhouAAnd Duratrak units in 
service. 

Lighting Control 

One of the carliest uses of these now 
Varincs was in the ncw lincrs S. S. Con. 
slitulion and S. S. Independence. Variacs 
are used to provide complete and flexible 
control of the lighting in salons and 
dining rooms of these luxurious ships. It 
is ob\'ious that the nature of the sorvice 
places a high premium on reliability. To 

Aft ... w;"dine, Variac toil. 0'. dipped In bokine 
~<lrni'" In , pedoUy d •• iened rocks. 
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achieve the necessary reliability is par
ticularly difficult because of the con
ditions of installation and use. High 
ambient temperature, salt air, enclosed 
mounting, and a minimum of main
tenance combined with fixed settings 
and the high inrush currents of incan
descent lamp loads conspired to make 
this service about as severe as anything 
that one would expect t.o encounter. 
Yet the installations are functioning 
satisfactorily after two years. 

laboratory T e$h 

Under laboratory test. the pcrfonn
anee of the treated Variacs hns been 
quite spectacular, and any llser of ad
justable autotransformers will recognize 
from the description of these test-s the 
tremendous improvement that has been 
realized. He may also recognize that 
one of the tests was inadvertent. 

r n one instance a TYPE V -20 Variac, 
conventionally rated at 20 amperes, was 
subjected to a load current. at mid-point 
setting of 30 amperes for a period of 
approximately one month. There was no 
visible damage to the Variac winding 
and, to make a more severe test, the 
unit was enclosed in a thoroughly insu
lated cubicle to simulate conditions of 
unusually poor ventilation or heat trans
fer. After several days at 30 amperes, 
the current was raised to 45 amperes 
and held there for a period of four days. 
The ambient temperature within the 
box under these conditions was about 
s.;°C" and the temperature rise in the 
winding of the Variac estimated at t.be 
order of 175°C. Clearly, this tempera.
ture is well beyond the safe limits for 
Class A insulation, but the important 
point is that no damage OCC1/rred ta the 

The Du .... ' ,ok prace .. , .. hid. follows boki"lI, cool1 the 
brush trock with the .lIver .moce "'own 0/1 the.e 

pOrliolly o"embled un;", 
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brush track. As a final test, a current of 
100 amperes was drawn for a few minutes 
at a low voltage setting. The brush heat
ing from this curreot WIlS sufficient to 
cause the carbon to become incandescent. 
Failure of the Variac sti ll did oot occur, 
although, of course, the organic (Class 
A) insulation was very badly charred by 
the high temperatures developed. With 
this extreme test, a slight discoloration 
and damage of tbe brush track occurred, 
but not sufficient to have any serious 
effect. on the performance of the unit. 

Another startling l'ompnrison between 
the new Variats and a conventional unit 
was obtained in the process of operating 
a new unit and an untreated unit 00 a 
"pump-back" test, In this connection, 
the circuit current is limited only by 
internal impedance of the two unit-s, and 
the voltage difference between the two 
brushes must be kept smal l. In one 
instance the brush of one unit was ro
t.ated far enough to deveJop practically 
full line voltage in the low impedance 
circuit. The resulting circulating current 
burned out, the untreated unit almost 
instantaneously. The treated.. unit was 
substantially unda.maged, 

\ 
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GENERAL RADIO EXPERIMENTER • 
Testing, which is continuous, has in

(licated to date a me<'hanical life of 
many millions of brush lraver8e8 1mder 
set'ere oL'l'rioad U'ilh{)ut detectabll' de
terioration, Surge und inrush currents at 
least twice IlS great as before can be 
safely handled, While deliberate over
load for extended periods gradually 
affects insulation condition (as wit.h any 
transformer), there is no accelerated 
deterioration of the brush track, as in
variably occurs with an unstabilizcd, 
('opper brush track. 

With this new development. thc limi
tation of the hrush and t rack has 
essentially b(:en removed from the ad
justable transformer, and the rating 
and usc of such II. device arc therefore 
limited solely by the same considera
tions that control the use of any fixed 
ratio transfonner, namely the tempera
ture rating of the electrical insulation 
used therein. 

Ratings, which are conservatively 
based on accepted (NEiHA, AlEE) 
standards of temperature rise, remain 
unchanged , We leave for time and even 
more e.xtellded field experience the deter-

Prior 10 "'ipme"t, 011 Vori,," mlllt p""" 1e';es o f ,illid 
eletT,;c,,1 te." 10 ollu'e CO/IfQ<m"nce to speciflco tion •. 

mination of practical overload or short· 
term, high-temperature ratings. 

We sincerely believe that this new 
development is the most significant ad
vance in the adjustable autotransformer 
art si nce the conception of the Variac 
itself some twenty years ago. General 
Radio is proud to offer t.hese new units, 
which are already establishing new higb 
standards of reliability and durability. 

- GILBEUT S"n LEY 

{ VAX G. E ASTON 

The authors wish to extend their thlLDb and credit to the memUef8 of the Gcn"ral Rad,O 
Company staff, withouL whose coope.rntio'l this development oould not have been brought to 
fruition. Purlieular c,roil ill due to: 

MR. H AROI,!) S. WILKI;o18 for patient, 8tep-by-gtep tll8tillg of mlLterials and methodH in the 
dcvl'lopm('1l1 or production l{'chniquC$. 

MR, JlAROLD 1\1. W",soN fOf the dC!!ig:l' of materials handling equipment to put the process 
011 nn f'conomic hMis. 

~·hL, CHARI.E8 A. TASHJIAN for hig cooperation and 8upervigion in ILdapting t he pilot-plfI.Dt 
techniqu~ to ful1 -1'clI.lt! m'lIlufactufe. 

EX PA N DED REPA IR SERVICES 
Since the opening of our ne\\· branch 

plant in West Concord. MllSSaChusetts, 
in April, 1!)52, a considerable number 
of our insiruments ore being manufac
tured and repaired there. Because of 
this, it is important that our customers 
write to the Service Department , 275 
Ma.ssachusetts Avenue, Cambridge 39, 

Massachusetts, giving the type and 
serial number of their instrument , hcfol'e 
returning it for reconditioning, rCClllibra
tion, or for nny other reason. A return 
material tag will then be mailed wit h 
sbipping instructions for the reLurn of 
the equipment to either our repair facili
t.ies in Cambridge or our West Concord 
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, 
plant, depending upon the type of in
strument involved. If this procc<iure is 
followed, the time consumed in hllndJing 
can be held 10 Il minimum. 

Customers in Cllnada should write to 
Basly Engineering Limited, ;) Pil-sl 
::)treet., Aja.-.:, Ontario, or phono \VA verly 
(}806 through tho Toro1110 exchange. This 
rlrln is our lluthorizoo repair service IInu 
is equiPI>ed to give prompt and com
petent attention to all General Radio 
instruments. 

\Vest Coast users of General Radio 
instruments can have their equipment 

APRil, 1953 

repaired and loccalibr.l:lted in California 
by writing to the Western Instrumenl 
Company, 826 :\'orth Victory Boule
\'!lrd, Burblluk, California, or phoning 
HOckwcll 9-3013. This firm i~ also all 

llUlhot'ized repair service for General 
Radio products. 

Each of these companies has a well
equipped sllop and laboratory, and can 
give prompt and SIltisfaclory rcpair serv
ice 011 all Gcncml Hadio instruments. 
The repairs and calibrations are lIl.Ilde 
to the samc spceificilliolls !lod standards 
as are used Ilt our own repair faci lities. 

HANDBOOK OF NOISE MEASUREMENT 

A new publication, the "Handbook of 
Noise :\lcasurcmcnt," is now available, 
rcplacing thc old "!\oise Primcr." This 
lIew book, consisting of O\'er Joo pages, 
covers thoroughly the measuremcnt. of 
noise find othcr airbome sounds, includ
ing definitions, standards, mCllsurillg 
ecwipment, mellsuremcnt. procedures. 
und iuterpretation of resu lts. The Illl

thors, Dr. A. P. G. Peterson of the 
Gcneml Hadio Engineering Staff and 
Dr. Leo L. Beranek of M.I.T., arc wcll 
I.."llown in the field of aeoustil' mcasure
ment, and their treatment of till' 8ubjeN 
of noise measurement. is based 0 11 many 
yeanl' e.'(I>f'rience. 

Copi es of thi:; handbook IIrt) Ilv!liluble 
from the General Hadio Compan.y at u 
price of SI.OO each postpaid. 

~ 

• • 4 
• 
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RECENT VISITORS TO GENERAL RADIO 

:\Ir. Erland Cassel, [nstructor, Dc
partment of Theoretical Electrical En
gineering, UniverSity of Stockholm, 
Sw(.'(lcn; Dr. Ing. Agostino Bclotti, of 
Ing. S. Belotti and Co., of Milan, our 
exclusivc representativC8 for Italy; Mr. 

Hamid l\'lolinari, Engiueer, Seyffer and 
Co., Zurich, our exclusive representa
tives for Switzerland; Dr. Toyohiko 
Okabc. of Tokyo Shibarua Electric Co., 
Ltd., Tokyo, ,Japan; and Dr. Shigcru 
Nakajima, Japan Radio Co., Tokyo. 
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GENERAl RAD IO E X P ER IM E NTER 

NEW INSTRUCTION MANUAL FOR SLOTTED LINE 

Users of the TYPE 874-LB Slotted 
Line will be glad to learn that the com
plete instruction book for that instru
ment. is now available. Copies have been 
sent to all who returned the cards t.hat 
were enclosed with slotted lines already 
shipped. [f you are using the General 
Radio Slotted Line and have not yet 
received a copy of the instruction book, 
please request it on your company letter
head. 

• 

This book is a more comprehensive 
operating manual on slotted-li ne meas
u.·ements than any other that we have 
!3I'en. It should be very useful for class
)'')Qm and laboratory instruction, and 
we shall be glad to send a copy to any 
teacher who requests it on his college 
or university letterhead. Additional 
copies for student use are avai lable at 

a nominal price to cover the cost of 
printing. 

RESEARCH EQUIPMENT EXHIBIT 

The Third Annual Research Equip
ment Exhibit/sponsored by the National 
Institute of Health, will be held April 
27-30, 1953, at the Clinical Center Build
ing, Bethesda, Maryland . 

Gencr:11 Radio instruments will be on 

display at Booth 56, and General Radio ~ 

sales engineers will be on hand to discuss 
your measurement problems and to 
answer your questions. A cordial invi
tation to visit this display is extended to 
all our readers in the Washington area. 

GENERAL RADIO COMPANY 
215 MA SSAC HUSETTS AVENUE 

CAMBRIDG E 39 MASSACHUSETTS 
TELEPHONE : TRowbrldl8 6·HOO 

BRANCH ENGINEERING OFF ICES 
NEW YOU •• NtW TOU 

II WElT SlUET 
TH. - WOr*, j·IIH 

lOS ANaHH II. eAtifOIlNIA 
IUD NORTH IEWUP STREET 

TI1 .- HOIl1 .... 1·1211 

CHICAGO I . IlllNOIl 
Uf SOU TH MICHIGAII nENn 

TH .- WAhl ~ 1·1UD 
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