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A THREE-QUARTER HORSEPOWER VARIAC· 

MOTOR SPEED CONTROL 

IN THIS ISSUE 
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eTHE VARIAC SPEED CONTROL pr()­
videa adjltSl~Lbk"-spccd opcrtlolion of d-c 
motors from a.-c power lines. This control 
1ISC8 no electronic tubcs, so i8 capable of 
instant starti ng, without. Wll,rm·ul). I ts b.asic 
simplicity makes l)OSSib\c a compact, single­
unit construction with the I"uggedncss and 
reliability needed in inc:iUglrial ILpplications. 

Since the Variac Speed Control was first. 
introduced, there hus been a persistent. d('­
mand for a unit lurge enough to handle 
light production mil.chinc work. The one­

third horscl>ower rating of the Tn·t; 1700-B VlIt'iac Speed Control is 
insufficiclIL for this duty, 
although it hilS pron'ti 
ample for many sp('C.:iui 
appiit'ulions such as toroi­
dal winding machine:;, rc­
si!;lllnce-cnrd-winding ma­
chine!<., and for lathc:; used 
in finishing small PI\r!s, lt 
has bccn apparent that a 
unit of about thl'C(}-{I II:tr­

ter horsepower rating 

..... Figure I, Panel ¥j.", of rh. Typ. 
e..!) 1702-A ,%,hp Va,jac Sp •• d 
L.&.J Conl,aI, ..... ... 
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GENERAL RADIO EXPERIMENTER 2 

would greatly extend the field of appli­
cation of controls of this type. Tbe TYPE 

1702 Variac Speed Control shown in 
Figure 1 is nolV offered to meet this need. 

Characteristics 

'rile circuitry, construction, !md pcr­
formzUlce of the !lew three-quarter horse­
power control are all prru:tically identi­
cui with tbose of the one-third horse­
power Tn}: liOO-B Variac Speed Con­
trol recently announced.' 

Figure 3 is a schematic circuit dia­
gram. An adjustable armature voltage 
is supplied by a bridge-eo!lnccted sele­
nium rectifier fed by a Variac~ auto­
transformer. A fixed shunt-field voltage 
is supplk"<l by a separate transfonner 
Ilnd rectifier system. The base speed of 
the motor can be increased if dcsired by 
about 15 per cent by shifting tbe output 
lead of the ficld-supply transformer to 
the low-voUnge tap provided. 

Some of the important featurcs of this 
control nre: 

( I) The usc of selenium reclifiers 
eliminates tube replacement find the 

wa.rm-up time delay when the unit is 
first turned 00. The rectifiers adopted ..-.... 
for these controls are of a type having 
long life even when operating in high 
mnbient temperatures. 

(2) Tbe control is simple Ilnd ruggeJ 
and is easy to install llnd maintain. A 
compact, single-unit construction is em­
ployed, including dynamic braking and 
a manually operated starting nnd revers­
ing switch. Tbe size of tbe tbree-quarter 
horsepower control is not proportion­
ately larger than t.hat. of the one-third 
horsepower unit. and is still small enough, 
15 x 13 x 5~G inches, so that it can be 
mounted beside a machine wit.bin con­
venient .. each of Lbe operator. 

(3) An isolll.ted field supply permite 
tbc use of compound-wound motors witL 
tbeir greatly improved starting charac­
teristics. Since the conlrol bas vcry large 
short-period overload capacity, this 
means tbat beavy loads can be started 
or reversed quickly nnd often, without. 
dsmage to the control system. 

(4) Tbe choke (L I in Figure 2) reduces 
tbe a-c ripple in the armature circuit, 
thus lowering molor losses and eliminat­
ing torque pulsation at the ripple fre-

IW. S. Tun ..... '''" l"'vroY~ v .... t Spoled Control," 
On*"," Rmd,., Bz ____ . \ ·01 2~, May, 19SI, pp. I"';. 

fig ..... 2. Typi<III Imlollollonl of IIIe 'l4ohp Vo,ioe 
Sp .. d Conh'ol, ( .. ftJ on .. 10111., ond {rig hI) Oft 0 

torojdol winder. 
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, 
quene)'. This feature is particularly 
im portant in precision grinding opera­
tions where other types of controls arc 
unsatisfactory. 

(5) The armature voltage source bus 
3. low intcroal impedance so that the 
inherently good regulation character­
istics of shunt or compound-wound mo­
tors arc largely preserved. The regula­
tion with a standard compound-wound 
motor is about 24 per cent at base speed. 
Speed-torque curves arc given in Fig­
ure 4. 

Motors 

Motors can be purchased directly from 
the motor manufacturer or from the 
General Radio Company. 1n the selec­
tion of motors, Rnnnture currents should 
be checked to determine that full-load 
ratings conform to the output. rating of 
the Vanne Speed Control ns listed in the 
specifications, page 4. 

Applications 

Experience with the three-quarter 
horsepower controls in our own produc­
tion work has shown that their charac­
teristics are excellent fol' a wide range 
of applications. These include not only 
a large proportion of the cases where 
some sort of continuously adjustable 
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fig"'. <I . Typlc"l 'pud.I"'que cu,y •• f .... the Type 
1702-1\ Variac Sp.ed Conlrol "p.rallng a !A-lip 

compound molor. 

speW control is obviously required, but 
also many applications where conven­
tional step-pulley drives were formerly 
employed and where increased produc­
tion efficiency has been fou nd to result 
from substitution of the Variac Speed 
Conlrols. The reaction of tbe operators 
has been that this drive is the best that 
they have ever used. A few situations in 
which the new controls have saved pro­
duction time tl.1'C the following: 

1. Whel'c several lathe operations are 
done on the same piece at different 

,~ 

figure 3. Sellemali«(i.eui.diog.am ,,' the Typ. 1702-11 Vo,iac Speed Conl ... l. 
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OENE .. AL "AOIO EXPE .. IMENTE " • 
speeds, the Variac knob can readily be 
shifteti (rom one selting to M otber 
without. 1088 of time. An e. ... ample is a. 
shaft with shouldel'S of severnl diame­
ters. 

2. WileI"(' lUI opcra-won must. be grad­
ually startcd or Slopped, nn adjusl:1blc. 
control hns tI great advantage. An ex­
a mple is slal'l iug a large tap. 111 blind 
tapping, lilp speed ('ontrol can be. turned 
down as the end of the hole is uPP1'OOched 
50 that the machine will stall at. tho 
finish without. breaking the tap or spoil­
ing the I hrends, 

3. In facing, lhe speed call be eh:mged 
as the diameter of t.he cut changes. 

4. Since speed can be changed quickly 
and ensily, ecrl1lin ol>C.mlions such as 
withdrnwing a tap are naturally speeded 
up to t he limit. with apprccinble SIl.v lng 
in production lime. 

5. Some operations require rapidly 
relwat.erl stnrt.s, stops, and revet'83ls. 

ince an induction motor starts very 
inefficiently, such BCJ'vice mlly cause 
overheating nnd short motor life ill COIl­
ventional drives. A compound-wound 
l1Iut.or, as used with the Variac Speed 
Controls, has milch better sta rting chal'­
tLcteristics, so st:lrts faster and hl':l.ts up 
1('Sit. 

6. Si llce tile olltimum speed for a 
given opet:atioll t1.'\n be quickJy deter- --"\ 
mined with an adjustable control, faster 
production is frequently obtained Hun 
with cOll ventional drives which provide 
only three 01' four fL"'cd speeds, 

Tn many of the lathe installntions 
mnde in our shOps) the lh rC(}-spccd step .. 
pulley drive of the oribrifl:l.l equillment 
h:l.s been retained, only t he motor and 
cont rol being changed. In these cases, 
it has been observed that the opcrntor 
usually shifts the belt, only when in-
creased torque is required :Ii, low speeds. [ 
An installation h:18 recently been made r 
with the motor bellcd directly to a back-
gehre<i lathe at a fixed speed rat.io. This 
has proved entirely &ttisCnetory, there 
being plenty of overlap between the 
minimum useful speed with direct drive 
and the m:L. ... imum sJleed using the back 
b"C!atS. This is a particularly simple and 
satisfactory installatiOIl. 

This new threc-quartcr hOI'SCPQwer 
unit e.'\tcnds tbe application of the Va,.. 
riac Speed Control to light producLion 
operations, whc1'l' its many advantages 
nrc even more evidell t thftl\ in the special­
ized jobs for which the lower-po\\,(: I' 
models are suited . 

- w. 1\. TUTTI • .: 

SPECIFICATIO NS 

Supply Frequ.ncy, 60 j'Ycll'P-. 
A·C Input Voltog.: 10 .... 125. f or 21 Q... to2.50-volt 
service, the Tn'l": 1702. 1'1 \ uI.Cl lrt\n~fl)rm('r 
( I KVA) i~ IIvaiJuble In l't<'p rio",,, the linl1 v"l t,.. 
age. Sec price l i~ t Iwlo\\'. 
D.C Outp'" A . ... a' ... . Voltag • . Q... 11 5. 

Co ntl " uou. o..e Output Armat"r. e",""I: n.:-' ll. 
o.e Outp'" fl.ld Volta g., 115, 75. 

Moxlmum o..e Out put fl. ld C"".nl: 0.4 11., 

In put P. w." Stnnr~.8Yl H5Imtt.<t. 
Pull LOnd, 1150 watts. 

SpMd "ango: \Iotor rnted speeJ do"'" 1.0 zero 
Ilt eoll!!ttUlt l oT'<tue. 
Motor: We can l!Uppl,· our :1.100..0 lliotar. \I'hieh 
is Dltumfo.etureo-l by tile ~ f !lSter Electric Com-

psny: their Type D:l.I , F'mrnc No. 66, ~~ hI" 
I 15-voh. «-c, collll)Ound wound, 172.:i rpm, 91X 

IMd~. electriC/lllv revel'!lible, interpolC!, open 
Jril)-proof rnountinll:. 'IO~C. ri 'if! eontinuous 01)­
crntion, slce\'e bcnriuJl!8. nrrnnl(Cld for hori7.01ltai 
floor mountin/l. Sec price lil<t fi ll plIgc 5. 
O ... , load Prot. ctlon , 1\l ngnelin cin'uit hre!\kcr 

IlCrlnits h"a\'y IIUl rtiug (' urren~ but ".i11 open 
ICt"'een 7.25 nnd !) !l.mpeTCi! II.rm!l.ture current 

on sustained QI'CrlO:\<1. 

...... " 01 and Oy .. "," lc 6<oklng: 1\ manually op­
ernted st.art-SWI)-TC\'erse S"' ltch Ilnd Ii dyn.'!.llIic 
br:lkin~ re< i~lor Il re inrluded in the control. 
StroJlg bl'3king :!.Ction is ob t.'!. inod io the sUip 
IlOI'ition. 
MOl,lnllng a nd Wlri n" , IlolM Ilre provided in Ih1'l 
hlU'k of the box for llIounting on Il. wall .. r 

I 
l 
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, 
bracket. ) Iollntiog must. be verticill and musi. 
permit free 1Ie<:eS3 of air througb the botto/II of 
the cabinet. Two hole!! fOf BX Of C'OmJuit wiring 
are 1~lI ted in the oonter of the hottotn of the 
".,., 
Dlmo",I"" ,, B,oK, 13 x 15 x 5~. inchC!l; overll l! . T,,, 

MAY , u.s2 

including knobs, 1 3 ~ t )[ 15 x ~}i inches. TTI'E 
1702-PI Autotrnmtformer, 3~ ,,41{ X 5'.1 
inches. 
N .. We' ll"" lYrE 1702-'\ Vanac Speed Control, 
41, poundsi Tn'l: 17M- PI AutotrtlnsJormcr, 
20, 4 pounal', 

Prit;(] 

110 2.11. 
1701-'1 
MOO_6 I Va,iacl! Spu d Conlfol - ¥o l<lp •••••••.•. ... •. 

AuIOlrClluform • • , 230 10 11.5 Yollf .••....... , ..• 
:Y. lop Molo! , .......... , ••• •••••••....• •...•.• 

A.\IA7.G 
WOVES 
.\IOTORt 

$230.00 
21.50 
'0.90 

·u. a. ra~nt No. 2.009,013. 
rro oNltr ~t toaot.rol1lith m"to., u ... OO"'poIl ... t ~ .. ·0"" A"~"!"OTOIL 

PRICE REDUCTION ON M OD-4 MOTOR 

The price of the TYPE MOD- t uui­
\'creal motor, )it> hp, for UIiC with the 
TypE 1701·AU Vfl.l;aC"P Speed Control·· 
is reduced from 29.85 to 17.50. This 

new price is effective on all orders now 
on band, as well a8 tbose received ill the 
future, 
"IV. N. Tuttle. " A Snulter \'arW: Sr-I C""lroI," a.~ .... 
oiHaJu,K ... pm .. ml(T, XX[V,&,~, IN\}. 

USES OF VARIACS IN ELEC TRICA L ENGINEERING 

POWER LABORA TORIES 
by Abra ham Abramawitz tt 

Variac~ uu totmnsformcrs hnve been 
widely used in communication a nd clec· 
tronics laboratories. BecauliC of their 
relatively la te [lITival on the oquipmell t 
scene, purticularly in the la rger sizes, 
they fire less commonly found in the 
powcr laboratory. For many purposes, 
they can tilke the place of largc, costly, 
adj ustable-voltage sourccs. In addition, 
t hey otTer the ad,-anlLlgcs of simple in· 
stallation and completf' portability. 

For exa mple, transformers arc a lwa.ys 
test{'(1 by means of st!lnd:ud no--Ioad 
tCfl l ll, namely the 0 IJCn· find short,. 
circmL tests. For these teMs 220- to 110· 
volt tl"ll. lll5.fonners of \- 1.0 5-kvn capacity 
are commonly used. A lia-volt \ rariac in 
conjunction with a step-tlown autotrans­
former is idenl for this test. Fort1lnntely, 
the Variac required can be considembly 
Fomaller than the tmnsforOlCl' raling. 

Let us take, for an illustration , a 220-
to 110-,-0Il, 3·k,'a tra nsformer. Hefer-

ence to tnbles of representative losses in 
lrclOsformers such as "Electrical Engi­
neering Laboratory Experiments," fourth 
edition, by C. W. Rick<'f nnd Carlton E. 
Tucker, yields the following da.ta: Excit-­
ing current, 4.5 per cent of load ctltl'cnt; 
impedance voltage, 3.4 per cent, At 
rated low-voltsge input, Ihe no-load cur-

3,000 
rent "Till be 110 x O.o.t5 "*' 1.23 am-

peres. For test PUrposc!:I, it is desirable 
to o\'ervoltuge thc trllnsformer say 10 
)ler cent. If th is is done, the transformer 
becomes s:1!urntcd, 1lnd the no-load CUI'· 

I"cnl, will risc approximnlely 2.5 tirnCfI. 
Thus a 5-llmpcre (V-5) Varinc willmore 
than suffice. For the short-circuit lest 
(input 011 the high side), the voltage will 

3,000 
he 0.034 :'( 2"20 - i A8 volts at 2"20 

13.G5 :lmpert~. In order to O\'erlond the 
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GENERAL RADtO ' E X PE Rt MENTER • 
transformer, about 15 volt-s should be 
provided. This can be done by using a 
ItO-volt to 20-voIL step-down trans­
former of 500 volt-ampere capacity. The 
Variac will be called upon at maximum 

500 
to furnish 110 = 4.54 amperes. Thus, a 

5-ampere Variac will be more than 
ample. The stcp-down transformer does 
more than cut the required Variac 
capacity, since it permits much better 
control than an appropriate large Varia.c. 

We see that a. 5-ampere Variac is 
sufficient for testing a 3-kva transformer. 
For use in the power laboratory, the 
Variacs should he ordered for the largest 
unit to he tested, if the test transformers 
can be used to change the voltage avail­
able from the Variac, 

Three-pbase ganged Variacs also have 
a place in the power lahoratQry . Three­
ph88El variable voltage is commonly used 
for mnning-light I\nd blocked-rotor lest.-

View of the three·gong Vo.ioe onembty \Iled in the 
eted.kol engineering toborolori •• of 'he Collelle of 

the City of New Yon.. 
(nolo 1>1 M<Mo .... $/ud;"" 

ing of induction motors and fo r the slip 
test on salient-pole alternators. Here, 
too, t.he Variacs can have smaller capac­
ity t.han the machines to be tested. 

J n the electrical engineering labora.­
tories of the College of the City of New 
York, t.wo three-gang 20-ampcre Variacs 
have been employed for several years 
for testing a I5-horsepower, 220-volt, 
39-ampere, wound-rotor induct.ion motor 
and for perfonning the slip test on a 
15-k,'a, 39-ampere, 220-volt, salient-pole 
alternator. Tbe results have been ex­
tremely satisfactory. The uni t has be­
come so popular that an auxiliary vari­
able-vol ~age a-c motor-generator is 
rarely used. 

The Variac is supported on an angle­
iron frame mounted on cast.ers to insure 
portability. Two-to-one step-down auto­
transformers are mounted intcgrally 
with the Variac. A three-pole double­
throw switch permits the select.ion of 
either 0-220 volt or 0-110 volt output 
(actually due to the voltage available in 
the laboratory, 0-208 volts and 0-104 
volts are obtained). The Variac and 
autotrunsformcrs are both "wye" con­
nected, A 40-ampere unit ha.'i been built 
with delta-connected autQtransformers. 
The Variac is not connected for output 
voltages higher than the input, alt.hougb 
this can be done if desired. The unit is 
protected agai nst overload by a Reine­
man magnetic breaker with a type-2 
delay curve. 

Thc 0-220 volt position is used for the 
induction motor running-light test aud 
the lower voltage position for the 
blocked-rotor test. For the blocked-rotor 
test about 50 volts is required, and a 
four-to-one step-down transformer could 
be used. However, the 0-110 volt p08i­
tion makes the unit more versaLi1e for 
all-around use. There is ample control 
for the low voltage. T he low-voltage 
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position is also Ulled to apply less than 
80 volts to an unexcited saliClllr-pole 
alternator running near synchronous 
speed. As the poieslinc up and fall out of 
pbase with the resulting rotating field of 
the stator, the input line current fluctu­
aLee. This permits the djrectand quadra­
ture axis reactances to be mCl18ured. 
incidentally, when alternators are used 
for this PUI'IXlSC, the input voltage 
fluctuates due to poor alternator regula­
tion. Tbis effect is 80 small with Variac8 

MAY, 1952 

that studenla often think something is 
wrong with the test. 

Ganged Variacs can also be used to 
build adjustable reactors sud capacitors 
by connecting suitable single-phase units 
in delta across tbe Variac output. 

I wish to acknowledge the encourage­
ment given me by Professor Harold 
Wolf, Chairman of the Electrical Engi­
neering Depa.rtment, and to i\tr. Otto 
Sauer, who act.ually constructed the 
unita. 

WESTERN INSTRUMENT COMPANY OFFERS REPAIR 

SERVICE TO WEST COAST CUSTOMERS 

West Coast users of General Rudio 
instruments can now have their equip­
ment repaired and recalibrated in Cali­
fornia, thus avoiding the expense and 

""....... delay that oow occur wben material is 
rctunled to our Cactory. 

Wcstern Instrument ComPAny, 826 
North Victory Boulevard, Burbank, 
California, haa boon appointed West 
Coast service agency Cor General Radio 
products. This firm has a well-«J.uipped 
laboratory and machine shop to give 
prompt tlud competent repair service 011 

all General Radio instrumenta. Their 

View of the modem, weU· 
eqll;pped loborotory 01 We.te ... 

Inotrumenl Company. 

repairs and calibrations are made to the 
same specifications and standards as 
used at our factory, and we are glad to 
recommend their service to our friends 
in the West Coast staLes and adjacent ....... 

Western Instrument. Company is 
owned and operated by Albert K Edger­
Lon, who was graduated from Pomona 
College with the degree of A.B. in Physics 
in 1934. For the next tbree years he was 
employed in electronics in the Los An­
geles area, and in 1936 he established 
the Western Instrument Company. 
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GENERAl RAD IO EX PERIMENTER • 
From the first, this company has been 

(:onccrlled with consulting :l.nJ measul'e­
mont sel'vices in electrical and related 
fields. DevelopmenL and design faciliLies 
fOi' illdustri :l.1 ami laboratory com mis, 
as well as measuring equipment, have 
been a corollary activity. Mr. Edgerton 
has been engaged in small-quantity pro­
duction lots of special electrica l and 
measuri ng equipment. Duri ng Wodd 
War U he was a staff membCI' of the 
Radjation Laboratory at M.£.T. in 
Cambridge, Massachusetts, for eighteen 
months, later becoming Chief Test En­
gineer for the Besearch Construction 
Company, an engineeri ng aod produc­
tion organization affiliated with the 
Budiatioll Laboratory. Sinee 1946 he bas 
devoted his full ti me to the operation of 
the Western Instnlment Company, 
which continued during Lhe war as an 

clt. .. cuical mcasurements laboratory facil­
ity fo r Southcl'll California industry. 

Mr. Edgertoll has found an incrrosing 
intercst in the need for maintenance and 
cali bt'alion fac ilities for electrical and 
ch,>etrooic labol'iltory equipment on the 
West Coast, und in early 1951 he became 
affili ated with the Gcneml Badio Com­
pany to handle their service and repairs 
in the are.'l.. 

Engineering and commercial matters 
are sti ll to be referred to our Los Angeles 
OfIi.ce [l,t 1000 North Scward Street, 
stilfTed by MI'. Frederick b'cland and 
i'dI'. James G. Hussey, but problems 
concerning tbe repair a nd l'cculibru.tion 
of General Radio equipmcnt. Ciln be 
taken up directly with l\'fI'. A. K Edger­
tOD at the West.crnJnstrumentCompnny, 
826 :\Iorth VictOI'Y Boulevard , Btlt'bnllk, 
Cllli fO mia. 

TlIE Cerleral Rodio EXI'EIUMI~N'n;R is ""uilcd tdthout churge euch 
month to en gineers, sci.en.tists, t ecliuicitUl s , {lnd others interested 

ill coltl"lunlcation.-jrc(juell cy m eusurement (/lui control probletns. 

When setuling re(}uests jor subscriptions (lnd oddress-clwnge lIotices, 

plense supply the jollowillg illjormutiuII: " ,mne, COIll}Jt.ItI) ' (lddress, I.ypc 

oj bu,siness CO IIIP(ltIy is cIIglIged itl, lind ,.i"le or " osition oj i"dividuuf. 

GENERAL RADIO COMPANY 
275 MASSACHUSETTS AVE NU E 

CAMBRIDGE 39 MA SSACHUSETTS 
TELEPHONE; TRowbridge 6·4400 

BRANCH ENGINEERING OFFI CES 
MOt' YORK 5. N(W YORK 

I~ WEST STREET 
Tfl .~ WOrtb l ·SIlI 

lOS ANGHES 31. CAltfOR NIA 
1000 NORTN SEWARO STREE T 

TEL.- HOII!. " . I·U OI 

CHICABO I, ILLINOIS 
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IET LABS, Inc in the GenRad tradition

534 Main Street, Westbury, NY 11590 
www.ietlabs.com

TEL:  (516) 334-5959  • (800) 899-8438 • FAX: (516) 334-5988
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