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Page 1.

SEARCﬁ LIGHT CONTRCOL BY MEANS OF A BPIFFERENTIAL BALANCER SET.

THE CBJECT:=- ?he object was to determine any chﬁnges
neceséary‘in the design tested, in order to fulfill the fol=-
lowing réquirements;

l.'@hen used in ﬁbnnection with a 36" projector, the gen=
erator shall give a potential of 60 volts under a load of 130
ampefes;

2.‘For‘every 5 amperes increase invload,’from a range of 95
to 180 amperes, the voltage shall drop one volt, that is, the
generator must have a drqoping characteristic of about one to
five.

3. ?he motor should be given sufficient compounding te sus-

tain its speed as far as possible under lozd.

SEARCH L1GHT CUNTROL
QRDINARY SYSTEM

The conditions of operation require that while burning,
the potentigl across the arc shadl be sufficient to maintain

it.and at the same time prevent excess of current flowing in

order to avoid flaming. It is a difficult matter to satisfy
. 74325 2
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these two claims and it 1is chiefly done by the special mechénism
of the lampsQ When the arc breaks, however, we have a problem
pértly in the province of the lamp mechanism, but chiefly in the
province of the characteristic of the supply voltage. This will
>'bé best explained by reference to a‘partidular case. Consider
that we have an arec ﬁaking 65 volts acrogsg the carbons. lf we
had.a generator giving 65 volts and the arc broke, thgre“wguld.be
no more tﬁan 65 volts across the termimals of the feeding cpils,
and the coilé would not energise, fgr if adjusted to energiée.at
65 %olts, they wou1d>§ggg theérc closed. It is evident that a
higher voltage is required; so, lef us consider the action ﬁith
a_VO volt machine using resistance in the iine outside the coils,
making a drop of 5 volts, to the'arc. Now if the'arg broke, the
small current through'the drop $o0il, due to the current through
thé operating cdils, would cause but a slight drop in voltage,
and almost 70 volts would be brought to bear on the operating
coils, and on the arc to reéstablish it. this is a ﬁossible but
undeair¢able solution for the reason‘that the characteristic
would be a stréight line changing from 70 to 65 volts when the
current went from zero to full, s§ that with the slightest change

in the arc, the voltage would also change slightly with an exces-
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sive chaﬁge in the current, and the effect of this would be that
thevfeeding éoils would keep their armatures going one way or the

other all the time.

SEARCH LLGHT CUNTROL
?herefore,in practice, a large.resistance is put in seriés,
and the generator'voltage is raised to 125. ( Commercial reasons )
This makes the resulting eff1c1ency only a little more than 50%,
and the lost energy is uééd up in heating, probably in a closed
compartment aboard ship, which is very undesirable. ?he charater-

\ .
istic is much steeper, and the current changes less for a given

change in voltage at the arc. Thig system requires a sﬁecialhmacha
ine for search light circuits

By the use of a differential balancer set as will Be deserib-
ed, it is possible to use a less sloping characteristic,Aand at
the same time keep the supply currenf well uhder confrol. A motor

generator set is used, obviating the use of the drop coil, there-
by decreasing the heating and the comsequent loss with the result
that the efficiency is raised to about 75%, besides closer vol=

tage regulation results.
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Diagraﬁs of different connections and charateristics.
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No.line resistance.
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Line resistance forlﬁv arop. ~ f

> o s730

Line resistance for 60V d4drop
A" arc, R"™ regulation coil, . D" line drop coil.

The Bifferential Balancer Set.
Plate 1. ?his set is a motor éenerator set of special type. The
freme is of the usual G.E.Co,, type, made in two halves, connesé-
ted by thru bolts, the division being in a norizontal plame thruu
the axis of the main shaft: ‘he tyo.armatures are mounted on a
common shaft having bearings at the ends of ﬁhe shell. ?he,com-'
mutators of the respective érmatures are at the bearing ends,-

and there is a ventiliating fan mounted on the sheft between the
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-ﬁw@ armatures,which draﬁs tﬁe air frbm the ends of the armature
,aﬁd.fields aﬁd discharges it, thru tha ventilating grids at‘thg
 ﬁidd1e of the shell. ?hejgeneral shaﬁg éf the‘frame, is that‘of
K:! horizéntéi octagonal cylinder, with lugs cast on for the base
féstenings. Each armature revolves inside four laminated pole_
pieces, bolted tc the frame so that their axes are at an angle

~of 45 degrees with the horizontal, and therefore normal to the

- e

- faces of the octagon to which they are attached. Each pele piece

has\a series apd a shunt winding. ?he armatures are series drum
wound. ?he cqmmutators are compardtively large, but as{the mach-
ine musf cafry current in excess of its qprmal output, the area
is nop excessive. ?he bearings are lubricated by‘oil rings ridu

ing upon thehghaft. ?he brushes are of the ordinary carbon type,

two carbons to each collector and four collectors to each mach-
ine. ?he brushes are kept in contéct by springs with adjustable

tension. The collectors are mounted on adjustable rocker arms.

For accessibility and ventilation, there are hand holés at the
ends, gnd in the middle of the machine, having perforated cover
Plates. In view.of the accompanying sketches_an& photographs,
R | an@_ﬁables of'deiégsions etc., further description would be te=

dious and unprofitable.




bDimensions etc.

Y

Generator: : - ' Motor.

¢ommutator, Diam. =-==-=-=B8¥----------o-nooooo- ~=--8"
Armature, Diam,=-----~ S Yo L R . -10"

Bars, Lengtli=—-=mwwdl/8==---- SN ~--4 1/8
Brush Area,-----------=l 1/4%5/8=-======x-==na- 1 1/4x5/8

Field Windings

. E _ -
Shunt, wire gauge==--C.038 (special size)~====0,038

Series, " = " ====0.070 9X7/8)========nm-nm 0.070
" turns per pole=-5 1/2—-4 -------------- ~=5 1/2_
Shunt, =m i —-1690-—--——-———--——----f- ?9
Armature winding----;Series Arul=====———= series drum
No. colls====-vmw=-= - P e e -35
?urné PET COLllmmmmmmm 229fmmmmmmmm e oo mmmmmm e 12
@auge of wire==-==-== .134— ------- m—————— ~.109 Lengths g{A
Mean air gap---‘----u.156--------44--?--- ------ -.156 fath.
Permeability ‘_l | B
Teethmmmenmmmmmmn 2n88, 500= == =mmmmmmmmmmmmmmmmm 77,000 3.60"
Pole face—---—-m—= C2a31,500=—m=mmmmmmmmmmmmmmm 30,000
ArmatuneVfaceQ---nfa4l,500 -------------------- ~36,8C0 :
" COTg=mm——mm 51,060 --------------------- 65,700 4.00
Magnet' " emmmeem5, 000=m==m=mmm—m—mmmm— = 61,500  3.00
" yoke=~--2--53,000-==-=-=—=~—-c--mmcmm——- 50,800 8.00
Depth of slot=----- S4B e mmm e .43
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THE SEARCH LIGHT.

Plate 2. ?he search 1;ght ﬁse& was one designed for a 36" pro=-
-iectér; A detalled descriptiqh»of the sketches of the.operafing
‘mechanism fol}ows. ?he machine can be operated automatically or
b&'hand feed. ihe‘voltage regulation cén be adjusted wikh in the
.required limits By means of the tension on the spring of the vol=-
tage armatdre_as can also the current feed. The latter must be ¢
quite sensitive, when it is considered that the hot arc has less

resistance, than the arc first formed, and that to jump the gap

requires higher potential than to maintain it, or in other words,
the gap must be shorter to make the arc, than proper for the vol=

tage present once the arc is made, the result being that it is ne-
cessary to‘withdraw the éarbons to such 2 distance that the vol=
.  tage shall not send excessive current thru the arc..

F is a current coil{ which withdﬁaws tihe positive carbon, in-
stantly Whgn ihe arc strikes, and allows the carbons to approach
if the current falls beldw a definite value, which can be adjus—

ted by means of the tension on the armature spring. ?his armature

3, acts tunru k, 1, e, V, and‘d, which in turn works in a nut on
"~ the positive carbon carrier. The feed to allow for the burning

away of the carbons, is accomplished by the turning of the feeding'

. i . - : : ' i l




screws e and d. These threads are given such a pitch that thou=
gh the positive carbon wears away twice as fast as thé negative
-carbbn; the arc is maintained at the focus of the reflector. As
the carbons may not be of'just the right length, it is also nec-
, o an s
essary to provide for moving the mech}sm as a whole, and this
'is done by providing sliding contacts at a and b, by which the
current is taken from the casing terminals. G is the voltage ¢t

regulator, and feeding coil, which can be adjusted to operate

at any desired rise in potential. On the 36" pro jector, it was
adjusted to feed,aé 2 volts rise. ihe armeture has the regular
“yibrating mezke and break. ?he armature P operates the feed mech-
anism thru the pin ¥, and the roller Q.; moving in a slot 1in the
feeder arm R. ?he amount of feed is adjusted thry ihe screw X.
A pawl Z eggages a ratchét whegl ¢ on the end of the shaft E,
thereby thru S and T operating to revolve 4. S is broader ﬁhan
T to allow for the travel of 4 when the current coil oﬁerates .
& switch C allows of cutting the automatic feed out, when it iz

desired to operate the feed by hand alone.

’ CONNECTIONS FOR THE T&mST.

£

?hese?ﬁonnections will be Dbest understood by reference to

~_the diagrams appended, with the accompanying description. 1n




annefal.the following are the conditions. The motor generator set

is to Dbe connected as a balancer across a 220 volt ship's circuit,
in c§nﬁ§ction with a 36" search light projector taking 130 amperes
at 60 volts; one'iég'of the prdjector'éircuithto be taken from thé
negative side of the.line,-to which one generator terminal is 10O
be conheCtéd, the other leg t§ lead from ﬁhe other remaining téru
@inal (gene?afor) which is also connected to the negative terminal
of the motor, the positivé terminal of the motor being connected
to the positive side of the 220 volt circuit. ( Signs here used
are‘conventions only W ). The generator shgnt field to be separ=-
ately excited across the 220 volt mains. ?he motor shunt field te
be connected from the positive line to.the negatiyé motor terminal
S0 that the exciting voltage will be the difference between 220

volts and the generator armature voltage. The motor series. field

is to be connected in series with the load, and accumulative. ?he

generator series field to be in series with the leoad but differen-

ﬁial.

For the purposes of the test a rheostat is to be placed in

series with the shunt field of the ‘motor, and an ad justable (Ger=

man Silver r¥bbon) shunt is to be placed across the motor Series

field so that these will give the necessary compounding for good
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speed regulation over the range of load.
A bheostat also to be jpserted in the generator field (shunt)

.and a German $ilver shunt across the generator series field, so

that with the speéd”éf the motor, the hecessary compounding can

be obtained to give the desired drooping characteristic.
Log of the test.
PROCEDURE.

This test came while working on Government Test at the G.ZX.
‘plant at Shkenectady, New vork. The test was conducted by us, but

we.were not allowed entire ffedom as to the line of conduét of the
test, owing to directioﬁs from the engipeer in charge of this ex-
perimental design.

%uns #1-8, Freliminary. Augusti 6th—8th, 19086.
?he éenne;tions:were mede as in plate 3. with the exception that
the generator fiéld connections Were'crbssed, as was later discove |
ered i Ehis was dué to an error in the Winding depertmént.) Also
.ne Qermgn Silver shunts were used. ﬁith>no,résistance*in the motar
shunt field the speéd was 1150 rpm wi£h the éeneraUIr shunt field

in and 1400 rpm without the generator shunt field, which was guch

too 1oy/1600 fpm]being desired. Since the motor field wes supposed

to be accumulative, and was too strong, to lessen its effect a
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erman silver shmnt was fitted in the series field, (see plate 3.)

This was adjusted until 1800 rpm was ebtained but this gave lOG'

H

amps load at 90 volts, which wes toéihigh for the load, showing

the generatwr fleld was- too strong.

ﬁ run was nagemade under the last conditions, 220 V aPpllEd,

fall shunt fields, and on applying the lozd, the motor speeded up
indlcatin6 a dlfferential 5;&%& instead of accumulative as sup-
pgsed.‘%fter trac1ng nuﬁ all connections, it was found that if théy
% were made acéording to instructions, the motor would run back=-
waré.

?he polgrity of fields was tested by compass and found alsigh%

% accerding to plate 3, as modified to agree with the present con-

nections i.e.: with the shunt field reversed on the generator (

this was the only change from the original connections). Now on

thr@wlng in the generator fleld the rpm went from 1300 to 1800,

and the motor field voltage to 300 volts, increasing as the load
came on{ the spéea famaining constanf but the motor running back-
wards, thus causing fhe set to act as a booster,'fhe only‘trouble
now appeared to betthat the reversal of direction caused 2 rever-

sal of conditiona qP the generator sideg whi¢h,cou1d be corrected

if the dlrectlon Of'rotatlon were made to agree with Plate 3. Tnls
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was done by rotating the motor brushés'through 8o degrées, thus ob-

taining phe'effect'of reversing the arméture current. ﬁesults;
gene;atbrvfield out, 128C rpm, and with field in 1080. ?he reduc=
‘tion béing due to th;'gagg, that the motor and genérator armatures,
being in series, the motor voltage is reduced by the amount 6f the
generator voltage, and besides, the motor armature current has to
#ass,through'the generétof armature 6n no load, thus ldading‘the_
motor énd ;t the same time redﬁcing its potential. With 220v 115&,
got 986 rpm at~ISO'amps, and 55# load, ?his voltage is.too low and
60‘§olts can be'obtained byAihcreasing the épeed of the motor; for
the generatOr}fields'are full strength, though differential. The
latter might be strengthened'by'shunting\th%ﬁéries field.

&e now ﬁried‘the intfoduction of resistance in the‘motor'
;ishunt field.

PROCEDURE.

Note; iﬂe-data for the félliwings runs is tabulated and appendedﬁ
proper ?eference‘being made to the‘égns,by t.he number.
Bun #86.
?he voltage did not stanﬁ:up as desired, Showing'that the gener=

ator series field was too ﬁtréng, so a german silver shunt was

Put acress to heold up the voltagé.




Run #7.

%his was very-successful se far as speed ans slope 6f character-
istié were concerned, but the voltage was not high enough. ?he
\instruétionéwere.at_faultrin not stating that the full load sged
speed should be 1600rpm‘inste§d of maximum speed. To bring the -
i voltage up, the german sil;er éhunt in the generator series fiBLd
ﬁaslshortened. |

Run #38.

This brought out the fact, that the motor serieshfield, was'too
strﬁng, S0 a german silver shﬁnt was insertéd, and adjusted to
give 60 v at 130 amps.

Hun #9---15. August 9th.

Fron the.preceding.runs it became evident that any desired vol=
tage éould be obta£ned by changing. the speed or altering the
field oft;hs generator, and it was further seen that the speed
and volgage were intimately related. élso it was seen that any
desired‘slope'might'bé obtained by verying the german silver
shunts.

&un #9

[N

This gave toporapid a slope to the characteristic, showing that

<

the generator series field was oo strong, so we shortened the

J 2
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german silver shunt.

Ve néwkmade a series of runs varying the length of german sil-
veriéhunt until a ratio of 5:1 .03 was obtained, which was prae=
tically the ratio deSired. %ee.curves 10-~15. |
Ih-the‘motor series fieid one sfrip 4! Gg long.

In the'gen series filéd,'twolstrips 2' long.
Run #13‘f ; %ugggt 10th.
%ith$the same conditions aé’ébbve, itvwas desired to observe how
the rati0 Vég?égiaiﬁea_before the-machine was heated up. ?hé ra=
;tio'had changed to 5:.87,
M By direction of the engiﬁéer; a four hour neat run wésmmade in
- . »é which the set behaved satiBfactorily,_under abnermal conditions,
as all openings eXcept the ventilating discharge grids were
blocked up.

Run#l6.

%fter praliminary‘adjustment to get the proper ratio, made thisv
;run which mage a curvé fof the voitage characteristic, though
closely approximating to the reswlts desired, but insufficient
data had been taken. h

Run # 17. ~ August 1llth.

ﬁvpreliminafy run resulted in the setting of the following leng~
i . : . . /l'
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of the german silver shunts:

‘@enerator, double strip, 2'=--1 5/4“ resistance .0104 ohms.

vmg;ér, single stribvs' ~=8 1/2“ resistance .0301 ohms.

By reference to Plate 6 it will be seen that this run gives a

v . - ' . e s . .. regu.
straight line for t he characterlstlcs_w1th1n the limits 3gslreé

Hun # 18. , @ugust 1l4th.

'% 4$p§ motor series field,wag now short circuited outside. A5 was
va;ﬁgfhe‘expe;ted, the speed.r;méined nearly constant.

Fun # 18.

q$hé german silver shunt was now cut out of the generator serieé
field; motor series fidld shortSguited ax in # 18.

By comparison of #18 aﬁd#is,it is seen that though both spped
and v curveé start at the same point, the speed of #19 riseé
“whilé it's voltage lowers in reference to #18. ?o understand

it v
.thaghis_necessary to consider the difference between the two con-

\

| ditions. The generator field being differential, cutting out the
geérman silver shunt t®w the series field allows full differential

‘action, thus causing the drop in voltage, even though the speed
i~

-is increased by thevincreasing potential, and the relatively

lighter load. The voltage ® characteristic shows nezsrly the pro-

-

Pér shape, but the curve lies too low.
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%2 fun # 20 , %ugust 15th.

‘ On this date a seafgh light ﬁas‘received, and regularly connécted.
as gJioad, insteédraf the waterbarrel load previously used. ?ondi—
tiansaas in #18.

The voltages were very low and the currents excessive while the

! . 3

&peeéjrdse from.1233 tp'iSOO‘rpm; @he lamp as received was adjust-
E ed to opérate‘gt 56 voltsjand }30 amps. 1t appeared ihatlthe series
qoilqu the lemp did mot witﬁdfaw ﬁhe negative carbon sufficiently
@pd'it was ﬁecessarf to withdra%-iﬁ by hand; the voltage then ris-
ing'to 35 volts and ihe qurrent still remaingng above 200 amps.
?e managed to get the voltage to 45, but the lamp flamed badly
and wouid not regulate. We'pqw insefted'42g of german silver shunt

in the motor series field, returning to the conditions of the ad-

Justment of run##l7, using rheostat in motor shunt field'to bring

the speed up te 1600 at mo load.

%E 52 wvolts and lSO amps, the lamp fegulated fairly well, bu still
flamed on accduht of'eicessive gurrent. Eor perférmgnce see cur;e
§ 17. ?he automatic feed worksy butAis set for 50 volts and conse-
guently begins to feed tob‘soon, giving excéssive current and cau-

L]

8ing flaming
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vge_now weakened théggenerator shunt field, which dropped the
voltage to 56 and the amperes to 140 amps, which was to be 8X=
j;~ﬂpecﬁéd, speed’12601aﬁd the lamp working fairly well. It appear-
edAthgt the lamp féeds at 53=54 velts and takes under these
conditiong abaut‘lsb_amps.h?he following run # 20 was takeﬂ.
?havlamp being adjéstéd for 5C volts, and the machine having
beeg adjuste@ for 60 vblts at the normal current output of 130
amps? it appeared onl& reésonaBle that the lamp should not reg-
ulaﬁe properly. The tfouble appéared that different instruct-
tions had been issued to the differgnt departments, probably

due to ﬁhe fact thatédhe line drop was to be'allowed for, though
this féct was not ﬁentioné@in the instructions.

PRCCEDURE # 4.

?his might feadily he the case whén we consider that the
‘search light may be locatgd in a2 fighting top'or on é‘bridge,
while the set would 56 located below the protective‘deck. To
show this, the leads from the protective deck to the height

Of the flying bridge of a batﬁleship would‘be about 100 feet

in length, and with a 00 wifé and 130 amps, the drop would be

10 volts.

It was therefpre decided to insert a resistance in the line

/2




to provide this drop of ten volts, thus giving both the lamp and

 ﬁhe machine their norhkal running conditions, agjusted aocofding

. to instructions. Run # 21 was made under the conditions of # 17
¢, with the lamp, the lamp being fed at 54 volts.

. Run 23-26. August 16th.

. f series of four runs were now made by direction of the engineer
| :

L i

¢ in charge of design, using water barrel lozd.

Run # 23.
It was desired to note the performance with the motor field ad=-

Jjusted for 2000 rpm at no load, the generator to give 60 volts

at 130 amps under this condition. In the gererator series field

two strips 2' 173/8 long, and in the motor series field, 1lfstrip

3' 6" were inserted.

Run # 24.

It was desired to note d the performance with conditions as above

but shunt field of generator adjusted for 7C volts.

With full shunt field on the generator, the speed was adjusted
fyr 60 volts at 130 amps.

kun 26,

'giarting at no load rpm of 2000 the generator shunt fleld was
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adjusted to give 60 volts at 13C amps.

except the generator field was

ad justed t& give 53 volts at 130 amps. The lamp was used as

load and performead exd%ﬁtly, but the fluctuations of current

~and the fact that it was impossible for two observers to make

simultaneous Observations of all instruments, made it imprac=

~ticable to obtain déte sufficiently accurate to determine the
efficiency, though the points observed indicate an efficiency
slightly above 80%.

Run 28.

?his un was made as a heat run. The behavior is shown on Plate
H .

13 the adjustment being as in #27. From these curves it is seen

that the efficiency remains sensibly constant in the neighbor-

hood of 75%. ?hé speed increases, the generator voltage drops.,

bothg being wlearly due to the effect of the  increasing resisw

tance of the respective fields: the load current being maintain-
! . .

~ed constant throughout)

?he latter condition combined with the

Practically cbnstant efficiency and the reducing veltage, also

kes the‘inputvand'output,fall in like manner.
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CONCLUS ION.

As a result of this test, it was the intention of the G~E.

company in the final design, to compensate both. G & M fields fok

the amp. turns equivalent to the G. $. S. shunts inserted in

these fields. In éllother respects the machine as designed ap=-

peared to operate very satisfactorily..

b

1.9 K.%W. ?he.immense advantage from the use of this set, par-
ticularly on a 220V circuit is seen at oncef for a loss of
20.15 K.W. would be entailed were an ordinary resistance used
in rheostat forim. The balancerset is very small and compact,
as seén by reference to Plate 1.; requires very little atten= .
tion in operation; does not prove a source of great heat, as

do the resistance coils. It should prove of great advantage

for shore inss$allations for harbor defencé; whérghfower could

‘ \ ,
be taken from regular mains at a great saving in efficiency

which are now being fitted with search lights, and floated on

lines without nacessyéiiy for special machines for the séarch-

light.

gs a general result, it may be stated that the set will show

an efficiency in practice of &out 80%, the internal loss being

and hence operating cost. It may be adapted to use on lightships

j2.



The frame of the Balancer Set for a 60" Prejector on

& 125 volt circuit is of the same size as fer the 36",

This is important im ship installatioas, where space 1s

valuablc; The 60" arec takes 200 amperes at 55 7elts§‘tho
Qggéciency is abeut the same; the internal 1@5553 being
5;15 KW. A rheestat here would cause a loss of 12 K.w.
that is, the 'saving would be 8,85 K'.W.., by the use of a
gglancer Set. The Smaller relative saving is due te the
smaller 11ne_voltage in this ease; For a 36" projector
as used eﬁ the’U.S;Battloships with 125 velt circuits,

there is a loss of 8,45 K,W, in the resistance coilli as

- against 1,95 K, W, loss by the use of this machine, or a

saving of 6,5 K,W,As & modern battleship would prebably

ecarry from 4 to 6 searchlights, the great saving by the

use ol these machines 13 svident.
N, & Hap b
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7 1500{:
66 . 1275

56 1200

87 1260
. 64  12b5
.62 . 124G

1 159 44 -
47 35. 5 - R
40 A7204;_1~

. 73.5 1420
6 66.5 1375

- 46,5 . 1.7% -56.. 1320

. o

5 81.5 1420

8 61 1240
- B8.5 1220

B4 1300

© .0 1800
N0 104 . 1600
95 89 1480
80 - 138G
773 1325
L 69.5 1280

60 1230
58 1210

. 62.5 1340

44 - 1,74 61.5 1350
72 50 L7448 5 1280 -

130;

| 150_
90
110
130
150

180G




Vip
60
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50

60
70.5
51.5

60
60.5

52.0

68

59.5

51.5

57 2 \‘:_.\

60.
53

69.5
61
53

68.5
60
54.5

69.5

15@
170

20
130
170

#1330

90
130
170

69.5
66.5
6245
60
58.5
55
51
48

Run #i6,

-ILB‘

10
20
30
40
50
60
70
80
90
100
120
130
140
180
180
200

RPM

1880
181¢C
1720

1650

1610

1580

1550
1520
156C0
1270
1260

- 1220

119C
1180
1160
1160
1140

/2



Line.

vy IL Inyut VF

220 8.24
11.77
16.80
21.39
25.90
27.42
30 .45
82.95
36.97
38.49
43,01
46.37
47.98
52.00
56.02
58.05

220

'67
7@

144
147
148
148
149
151

- 152

154
155
156
157
158
160
161
162
164

Metor.,

.84
.87
-99

1.00
1.00

1.02

1,05

1.05
1.07
1.11
1.12
1.15
1 017
1.20

1.57
1.62
1.63
1.65
1.66
1.67
1.65
1.70
1.71
1.72
1.73

1.75

1.76
1,67
1.79
1.81
1.81

YA

120
125
132
138
140
141
143
146
147
157
153
156
158
160
160
166
170

144
147
148
148
14¢°
151
152
153
154
155
156
157

158

160
161
162
164

Run #17.

Generator.
Ia Vp Iy Vi REM

Load.

¥Yip Izp Out

EEE;
Ng
+965
1.780
2.460
3,160
4.500
5.075
5.600
6.075
6 .550

7.325
7 740

8.050
g8.475
9.000

NN NN D N

5.5 220 1.90 101.5 1590 101\5\‘\
9. 1.90 96.5 1520 98.5 10
14. 1.88 89. 1460 89 20
1915 1.0 83.5 1380 82 30
23, 7 80. 1350 79 40
24. ‘w8 1240 77.5 50
25.5 76 1320 75 60
28.5 75 1300 72.5 70
31. 73 1270 70 80
34 69 1260 67.5 90
36.5 67 1250 65.5 100
41, | 65 1200 61 . 120
43.5 1.85 61.5 1190 59.5 130
45. 60 1180 57.5 140
49. 56 1160 53 160
53. 54 1150 50 180,
57. 51 1140 47 200

Run #18.

4.0 220 1. 75 72.0 1250 72 0

8.5 70 1245 70 15
13.5 67.5 1240 67 30
16.5 66.5 1240 66 40
19.0 66 X240 65 50
22.0 65 1240 64 60
25.5 64 1235 63 70
28.5 63 1235 62 80
31 62 1225 61 90
33.5 61.5 1230 60 100
26.5 60.5 1230 59 - 110
39.0 59.5 1225 58 120
41.5 58.5 1225 57 130
46.5 57 1220 b54.5 150
50.5 54.5 1220 52 170
52.5 53.5 1220 51 180
55.5 52 1215 49 200

Ef£.%

0
37.2

48.2
52.4

55.5
65.5
74 .5
75.8
77.3
75.0
77.4

7.2 .

75.8
?4;0'
72.8

R



Line

220

Run #19.

1. 2@ 180 ° 52 178 1 60 b6

( . HMotor Generator -
Vp InV%p Iz VA Iy VplIp Vv,  REM
220 S 1.60 148 4 72 1250
A 1.61 145 8.5 69 1245
¥ 1.66 149 13 67.5 1240
B 1.65 150 16 65.5 1240
1.67 151 19 64.5 1240
A 1.69 152 22 63
S 1.72 153 25 62
L 1.71 154 27 60.5
Vy 1.74 155 ‘30 59.5 1240
-7 1.75 156 32.5 58.5
1.77 159 37 56
1.78 161 39 54 1260
1.81 162 42 52
1.86 164 46 48.5 1860
1.82 166 46.5 46,5
- 1.89 172 49 45 1260
Run #20.
220 1.19 49 1.82 58
' 1.17 48.7 : 60
1.15 48 60
1.18 49 1.80 58 1180
1.22 54 54
1.23 55 53
1.17 47 60 1190
Run #21.
220 1.98 z2 1.80 55.5 1080
1.95 30 1.80 57.5
1.92 27 1.79 59.0
1.85 25 1.78 57.5
1.95 45 1.78
1.89 37.5 1.78 58.5
1.95 44.0 1.78 50
1.77 29 1.76
1.85 49.5 1.76
1.15 "1.76
Run #22.
90 1.20180 42 178 1.60 53

55
57
58
52
51
50
58

53

55 -
46.2
51.5
47
57
49.5

41.5

49
53

56.5

160
150
140
15C
180
- 190
140

110

85
20

162 ‘

160

SC
150
240

160
30

/2



220

220

Line.
v

I

8.4
12,75
16.48
2% .05
32.10
36.10
39.15
42.16
44.66

46.68 1¢
48.70 10.31(
3870 3051

53.22

57.73 1

61.75

16.42
£23.45
26.47

. 34.51

40.49
42 .49
44.50
48.562
50.50
52.51

- B4.50

57.52
58.53
62.54
65.55

12.&20

13.600

%.610
5.160
5.825
7,600
8.875
9.340
9.780
10.700
11.120
11.560
12.000
12.600
12.880
1%.320
13.780
14,420

Motor.

F 1Ip
52 .65
56 468
60 .75

64 .80

6 .85
.85

69 .86

;;’.89
91

«93

.96
«98

47
.50
.52
.58
.61
.63
64
-66
.68
<69

5 <70
. 3‘75

74
.?5

'V&
104 6
10.5
14.0

110
118
128

138

140

145
145
150

152
154
1565
157
160
162
164

105
112
126

133

1328
139
144
145
147
149
151
153
156
160
161

Iz
6

29.5
33.5
39 L] 5

42

44
47

Run #23.

' Generator.

Load. ,
VF I? V& RFM I Olltput %
220 1.6 117 2000 O 0 0
1.8 102 180@' 20 2.040 B55.4
92 1650 40 3.660 72.2
' 81.5 1500 60 4.830 68.4
77.5 1450 80 6.075 76.6
5. 90 6.525 75.9
1.79 72.5 14C0 100 7.050 76.0
69 110°7.420 75.5
67.5 120 8,100 78.9
65 1320 130 8.200 79.4
63 140 8.540 82.3
1.78 61 150 8.850 75.8
~ 58 1260 170 9.350 73.6
51 1220 18C 9.630 74.5
53 1200 200 9.800 72.7
Run #24.
1.95 126 2050 1C 1.260 3.490
113 180C¢ 30 3.390 6.570
_ 106 1800 40 4.160 7.140
1.93 ©94.5 1700 60 5.580 7.460
1.88 86.5 1600 80 6.800
1.86 84 1526 90 7.380 7.660
1.86 80 1520 100 7.850 7.900
1.86 77 1475 110 8.310 80.40
1.82 73 1450 120 8.760 77.70
1.82 68. 5 1400 130 9.160 78.80
1.80 66 1400 140 S.585 79.3
’ 67 1360 150 - 9.650 79.3
- 64.5 1340 160 9.930 76.3
62 130Cc 170 10.12C 77.2
' 60 1280 180 10.250 76.0
1.80 57 1260 10.70C 74.5

200

)2



Line.

v In Input Vp IF VA

280 7.94 1.735 57
17.12 B3.770 .64
50.09 6.600
35.62 7.840 72

38,16 8.39%0C 74

40.67 8.940 76
43,19 9.500 77
45,70 10.050 78
4%7.72 10.500 79
50.7% 11.180 80
51.74 11.400 81
54.75 12.050 82
55.76 12.2%0 83
57.77 1l2.710 84

60.78 13.380 85

63.79 14.04C 87

220 48.54 10.700 73
8.24 1.810 50
16.34 3.600 56
23.39 5.140 60
30.48 6.710 64
35.48 7.800 66
38.49 8.470 68
40.50 8.910 69
42,52 9.360 70
44.53 9.800 71
47.54 10.480 72

- 49,55 10.900 73
51.56 11.34074
53,57 11.800 75
55.58 12.280 75
57.59 12.680 76
59.6% 13.140 78

ViD 43 38 50

.93

1. OO‘

1.01
1.03
1.04
1.05

.20
.60
J70
075
.84
.84
-.85
.86
+88
.89
.80
.91

.92

.93
.94
.95
97

55

141“6

15z
156 -

168
159
162
164
166
169

156
106
120

120
138

144
147
150
152

154
157

159
160
162
163

‘164
168

58

IID 180 200 150 120 110 120 130

Generator. - Losad.

IA ¥Yp Ip V4 Irn REM Vip Iyp Output
| 5_? 220 1.74 108 1800 108 © 0
- 14.5 95 1780 95  gg 1.9C0
59 .5 - 85 1520 84 40 %.360
3% .0 79 1475 78 60-4.68C
25.5 74 1420 73 80 5.840
%8.8 71.5 138c 70 90 6.300
40.5 89 137¢c 66.5 100 6.650
43. 67 = 1315 65 110 7.150
45 65 1300. 63 120 7.560
48 g% 1270 61 130 7.930
49 62 1250 59 140 8.260
52 59 1230 57 . 150 8.550
5% 60 1215 55 160 8.800
55 56 1200 53 170 9.010
58 55 1180 52 180 9.360
61 5o 1220 49 200 9.800

Run #26.

46 220 1.64 62 1400 60 130 7.800

6 113 2000 113 00
14 98 1800 94 20 1.880
21 89 1700 88 40 3.520
28 75.0 1580 79.5 60 4.770
33 72 1500 74 80 5.920
36 69 1475 71 90 6.390
38 68 1420 68 100 6.800
40 65 1410 66 110 7.360C
42 63 1390 64 120.7.68C
45 61 1370 61 130 7.930
47 59 1330 59 140 8.260
49 57 1310 57 150 8.550
5d 55 1290 55 160 8.800
53 54 1280 53 170 9.010
55 54 127¢ 51 180 9.180
57 50 1850 47 200 9.400

Run #27.
B4 51

Eff
%

0
50.4
50/9
59.8
69.6
75,0
70.0
71.2
72.0

67.2

72.5
70.8
71.7
70.8
70.0
69.8

72.8

b2.2
68.5
71.2
75.8
75.2
76.2
78.6
78.4
75.6
75.6
75.3
74.6
73,7
72.4

71.5



VL

Limé.'

.flﬁgui

220 47 4z . lO 432

45.22
- 45,70

| Air.

26
28
26
29
27
28
25
g5

26
28
26
29
28

25
2b

45.75

44,20

42.70 9.

43.18

Motor Temper&ture”

Gil.

5
26
26
26
27
7
28
28
28

10.065

9.948

Fr&me

28
54
36
40
it
41
41
41
42

Vﬁ

lﬁOf.f

160
160
162
161
4 161
4 164 41
164 41.

Pole -

' ii’o4,1130,
1.04 1220
. 1.04 1820 59.0

{YA

1.0% 1235 59.0 =

FORa TTen't.,

1.05 1230 58.8
1.04 1230 58.5 =
11105 1240 58.5
50 1. 05 1240. 57.5

Spooll duet.

.'283;m'

AR IO R
450
45

coL o 48

L Ae

B8

40"

42
44

42

, ;;E;T

;W1eld

“i Hofor.,gé

Iﬂf

(101 1 56

46 Col&(lES 1.67
44

(140 1.88

(68

42 . Hot (75
(85

79
100

,6? 5 Load 1943 .
60.5 130 197 1.7
,197, o
- 200 1.
198 1.
200 1.
L0199 1.
199 1.
198 1.

861)
862)"
850)

134 1.
1461,
160 1.

‘R°Slstan0es’~w»
| Generatar.” 

i}ﬁAfff 7;f,

743)

3Ty
;745){f

. 937)
. 936)
8 952

178 1.2
1901
198

1218)

51226 )
‘ 12158)
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