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PRTIFACT

Ag the nuthorg nre axtran2ly int2re ted in the arrlicr=
tion of elrctrical ener~y to machin-ty, it w-s3 thoru~ht to »e ~n
axcellant oprcortunity to unrplemeﬁt ttie rarular four ye~r FElec=
trical Fneinsering Course at ¥, 3. C. with an extenied tast
on the srecinl m~tor eanarator set dornatel to the enciarer=
iny Aepartment hy the Consurmers Powar Comrrany.

The charact~ristics of t"is 32t were entirelv unknown
to the =2n~incervrint devnrtmsnt. Tha2refore the t= ts wore con =
ducted alonz the 3=me lines as o coumarcial acsortance test.
It 13 hoped th-~t the tests taken will »e gufflcioent and
noourate enowh to answer woit tuz2stiona which way ~rise in
mor3 axrariment-~l t2:ta which may he cornian-~ted at sore later
inte on the set.

The nuthors t~k3a this tirme 4o thank all theose th-t held
contact with ths tests, eithar directly or iniiractly and

wish it to »e Ynown that all ail =2-g oreatly srrreciateld,



INTRODUCTIONW

Probh~bly = more cle~r oonception mav he ohtained as to
tho re~son for coniuctiu~ tha ta:its on tha sreci-1 renerator
set 1f one h~3 » hrief review of the history connecued wiih
the set, The set h2d H28n ori~zinally used ~g »~ port of the
emipme~t of the Grani Raridg=Kala~nzo00 division of the
Michi~nn Tle~tric R1il~rays, 8t tha bacinning of the oper=
ation of this line the operatinz voltase vns 2400 d.c. This
rarticuler set hnd been Installel a% n voint whers only 2400

volt d.c. from a third rail wag ~vailanle to furnis> a.c,.
rouzr for a part of th: sional svstem, At a later dats the

ionteith Substation wasg ruilt with a 5000 volt a2, c. cirnnit
to trke c*ra.of ithe gsirnnal gvataw thron-h transformers at tho
vnrlous signal locationa, Conaetuevtly,the ar2cial motor
san2retor set ®23 no lonvirc nasied,

The set consists of a 2400 volt d,c. motor ~ith comrouni
and commutatinz field winiinrsa, a doubls wound acvrature with
n dourle commutator, permittins series or wmultirle conncction
and wnlrine it possible to orer~te ci her on 2400 volts or
1200 volts., The c-pacity of the d,c. eni is 7.4 arrs, at
2%100volts or 17,76 Xmw,

The a,c. eni of tha unit coniist of a 3 phase, A0
cycle, 35 nrpere, 220 volt, 13.3? kva revolvin~ fieldl <on=-
er~tor, with an operatin~ spe~l of 1200 R, P. M.

Both the d.,¢, and a.c, enia of the urit are eqrirped
with irdiviinnl excitars mechtanicrlly cornected to t-e one
main shaft of the unit, each exciter rein~r crmnouni wound,

althourh each ‘as slishtly 1ifferaent crar~cteristics,



It shouli »s »orne in 21 th~% tha a.,c. machine wng
desirme=! a3 a ~ener:tor ~nd the 4d.¢., m china ™13 desionni as
A motot;kut at nra32nt,comwlitions ~rz rovarssi; i,e,, the
14Ce 7enerator 13 h2in~ ru. 23 2 srTnchronons wotor -vhila the
2500 volt d.c, motor i3 “ein> rma-argi n3 n can-rator. The
arovm ch-n~va i3 causei *y not havins 2100 vols 4,c.
s¥ailarle on the r~amrus, For this r-ason,in all tests the
1,6« michine i3 ~efarred to ns ~ ren-rator nnl the ~,c., machine
a3 n synchronous motor. The suthors are awarz2 of the fact
that the unit prohahrly is not »g efficiont runrin~ in this
sanner a8 1t wouli bre 17 oper-tion wr3 ~g inteni~i; slso,
it wi~nt e inferrel ani wa3z r-~1ily rroven, that the a.c.
72ngvrator 1s not an ilae-~1 svnchronnusg wotor dues to its
huniin~ characteristies chusel by no amortisseur winiin-
reine present,

Due to ths fact th~t no amortisseur winiin~ ié rreasent
ir the svnchronous motor,its startine c rnbillities 2re 11-1it-
ed and the set 13 broursht uo to synchronous spred »v the e-clt-
er on the a.c. end orer-ting as a shunt motor, This suhjiects
it to an overlo~d of short jluration which rnroves not {o be
h~rrful,

All mrasurerents were taken with considierable co-e in
reg~ris to a~curncy., A1l meters wore cnlitrrated ani ~hen |
eny cra~t Jifference wi~ht regult from the relntive position
of meterg in the circult, utmost care w3 rl-ced on this
Tactor. Pefore all tests the wochine w-s run for » short time

80 th~t frdction coniitions would hecome stnrlae,



Consideratle care wig exercisocl in elivinatine =11 dan~er
of electric~1 shock, escvecially {ror tlia 2100 volt i.c.
renerator, The frara of the unit anl ona 3ilc ol tha
Y.2. line m~3 erounieil nw~rinT it rossirle, ir ~ost taats,

for the oraer-tor to ¥een frea of nll un~rounied circuits.



T:EONY CF A DIRTICT CURRENT GENER:TOR

An electric generator is a machire for converting
pechenic~l work into electrical enerry, vhile zn electrio
notor ie 2 mz2chine for convertin~ electrical enerhy irto ne=
chanical work. Contrary to a comron belief, the electrical
congtructicn of the two rachines are nearly identical and
the mechanical features mry Le said to he exactly soj; however,
2 machine designed strictly as a renerator has characteristics
which rake 1t & rore deciratle rachine for its particular
work than a motor ~uld have vhen crer=ting as a generator.

Ae £11 of the L. C. machines on the pnrticular set tested were
run ag generators, only the theory of the direct current
generztor vill te cdiacussed.

.The furderents]l vrivciple invhlved in the construction
ané orer=tion of any type of dynz~o electric m:chine is the
production of =n electroriotive force in one or rmore conducCte
org by the relative motion of thece conductors and a marnetic
field, Prot:shly this msy?’ore éesily explaired if reference

is mede to Fig, 1.




I the uroziest sence of the word, it is s22n th-t

¢yne.o coneizts of two rajar prete; that is, a rormstic

[
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1icld - ¢ » numher of revolvis coiductors,  Assiwmin: the
rotation o the =r-2ture confuctors is as shown, on elec-
trorotive force or voltsm:o is induced ir the co-cuctor
w..1ch czuczes a currcnt to Ilovw in the cirectisn 8 own,
accorcing to lLerzis lLaw. T is induced velta-e Ceverdg,
with other t ings, on the rate at which the “inm of force
are cut, winich i= orosnrtion~l to the flux dencity and
i rote 2t wiic. tho sroature is rotatec,

iern tue condustors are uniforTnly gnaced ~wont the
eceootuars, 1t ile evijeat ta t vaed one 2ide of a ¢nil is
un.es a so1th pole, the othor cide will te under the »orth

-
L

20le, =24 the electromotive fo.cos iuduced in the 10 eone

i1l Le esual »ad osvosite.
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dowev or, an insgrcetionr of ¥i-, 1 will ghor th L ue-
tiecn W2 1o trustes on one side of the srmature, the
electro-otive forces a2ve all in the e Cdirectinon, Sir-
il.71y the electrouotive forces on the nther gice are rll
1a the rame cCirection, both sides tenuiry to cavse a rice
of pot:ﬁtiai betvecn the tro drarhes, This plrne in v ich
the Hrusiues e ould ve suntinned in sn ide~l wmwchire is
known -g the neuirzl plane.

A8 the conouctors vess fron one cide of the neutr:-l
plzne to the other the electrorotive force chnonpes rii{rin

tuam &3 they core unler the 1alluerce ol onnmocite figl?d






polarity. Tit™ rcepsct to the Prushes the directio-n of
the zlzeirarotive fonee 4+ thia e~rfuctor revw-ins vachane—
e’e At thie paint the com utotor »lovs e ivdortoint role,

Toz oo rutrtor 1z o cylinTer formed of not-l se-nents
Ing latad frow o220 othar, e ch 27 o1t Deins can-zcied to
egially sanzeld c2svonate iI- the arestar2 winginos, Ita
furction, »s rey he inferred, ie to rectify the electro-
*otive forces in the arroture, wze ing the resultznt force
etmacn the tmy tructas i tho eer2 dircction,

Ag 1 orevererl of 21lzstronotive forcs tiltes =2z in

230 sro=tare 0all evewe fiva thae fey ¢ outotor 52 vote

to iz’ 1t 1= enncested ~orn rAler o hruch, Tdkevico ther

. -~ - - - A . R -, 2 . ~
1g =2 revara-l Af 2i-rant, Tl 2cs enrtain nresautiong e
onsiTvyed this wowareal o ouryrant 111 2ruse socri-s o4

Eay tenstisn whdioh 33 tipar g 2ot Yo the brackin s fovm

'
o
4

the - ir £11lmn In i+ afind2 ettt »ith $he oy utetor,

P
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s2rent leaves 2 hruch the Ciffarenc2 of natontisl

Latresn the traeh and tha servant 11 a4l ta the rocie

-

e Cray ~aracg the anrTace o aninet, A thia contact
cran RacHhey arallar ol grell e the resistince bhoenrig
{roctat ont the curcent 2 »onshics zaoro., The J2;Trw2 of

srrfoect cos e ting 1~ cantrall e By tha menoar 42 " o

the enrrent 2icg dawm in the glort circuited coil, and if

e

the vsluz of thig T R drod 1s 122 than enou~h to Bbreak dovn

ne contrset resictone2, soharkine vi1l nat ~cocr,.
At tis noirt 1t 12 rell 12 point oot ths dit isalty

ir oBtadnir - o relirtle rezdi-s for the effective cantact



recistance of the brustea wiile the vwaci:ine ie in raticn,
¥ven in the eare rechine »ithh the erme cur-ent out-ut the
bruch ¢ron mrasured ot ¢iv“erert wruch arre end ot cificrent
tires way vary 100% or rnre., This in duc,or is var: lik =
ly to be incressad hr pigh ricne, uneouerl divieisn of the
cur-ent s.on~ the brushes and bruch arrg, vitr-tion or
cuatterine of brushes, and,by far the rort imvortant, by
the cout-tion and etrength of the nn netic fielda in
w.icia the short ciracnited ¢nils are cnwvtnted, S0 “or
the nurho-eg of thia exrerinent the recictance of rrucsheg
-G eongacts were Teten gt giantetill,

In a further diccureion nof commut-tion 4t is well 1o
be'r in »ind the eifect of the self induced voltare ret
u: in the armature c¢~ils »:ich ig couend z»d tende to
opvoge ihe dvivis out of the eourrent ir the cnile, olacs
tne celf irduced viltace 128 neutrzlized the cur ent in
tie coil ril) cnen e so ranidly in the e~oil -t the end of
the svort circultine perind that enarkin~ at the broeeh
¢contacts vill result.

Various rethods nhave veen d2viged to nvercore the
gelf irduced ynlta~e but in 1% mechines of nrecent desim,
tue interoole is wniv-rsslly used. The intzrorl2 or coiiue
tztiar polg,as it is soiotlacs called, frrres a mametic
field viich 1s cut ©s the =ronture covdactors 28 thevy arn

Gouutateds T.1s intuces a v-lta e in the conductor =i icu

50110 e ol suci: 2 value tn=st th2 current in the coniiicte

or »il1) cdie Jovn -t such a rate 8» an to oht~in what is



ko ng stresicht Tioe eccvutotion or oonoooraxieeticg of 14,

A3 the oneration of a cenorcotor donendz ov
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oY ey wapea hat w2 tercine to o wmore v oome role Ve
paisribv, T2 oa Alfiepsnticl corvaund g ey fiells 0race
e ¢n otoer :na the raovlt~ry 2a¥fectivae flux e leoos c2 o0z
“leid 1o tendiioc to farece fFlax i ove Tirceiism, »1ile the
oller ig tealive ta Towee Tlux in he onnoglte Zivaction,
Fror za gxnrla-ti-n of 2 g'w-13 Ci-ora for the o narC-

tiona of 2 eyrnonnc —enexctor, 1t is 1e~Cils snem that it

bagares & 6iF erenti~l matoar, Thde oy tiect he expl-i-ed

by referring 49 tre £ 1lomire fiomre,



Las, it 1s seaen thal ti. currvent {levs u: in the clhunt

field.

exception thut electric-1 pover is fad In inste G of - echore
ic»l povers Keening the dircetion of line currents the
a-re ond obeying ¥Kircheff'e Lawm cs ¢o dircctisn of ocurients,
it ¢ notrd thet the curient in the siunt field is in tlre
oppoeitie directicn to vhet it ~ 8 in A. Thus 4f A 16
curul:s tive compounded than F. ruet act differcntial corvounGe
e? 8 the Tlelfe re avtomatically reversed.

The teste o~ the D. C. maciines did not desl with them

howerer

oper=tin- ar 2 v"o'f:'\:r)‘/\tw. excitere vere used g8 rotcrs to
brin« tte met up to spsed for synchronizinge The aiffer—

entially covpound rotors vre seldor used in pr:ctice cdue

to th=ir poor oper. til ¢ churacteristicss Such otors sre
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TUEORY Q¥ A SY7CHLCCIIS PCTOR

An gltorn-tinz current rotor comprieece, like any dynemo-
electric rachine, an induecing rarmetic field =7 its irduced
circuit, the one turnins =ith respsct to #e other, Put while
the fieléd of D. C. rotzre is constent, th t of A. C. rot-rs
may be eith r constant, 1t rrn-tinpg, or r~volvi-, depending
on whether 1t 1+ produced h:y dir<ct cnrrect, altorn-ting
cu:;:ent, or a systsr of polyphase currents. The cleses of
interest,in this erticle, ig th t n-chine ~hich hrs n c netont
fic1ld ~nd 18 krown 28 = synchronnoug rotor,

Constant fisld »o>t~rs c-n e characterized by the fect
th t the zrr-ture rot=ti'n cn te ~eaintrined -t a i 1le
speed o 1y, vhich is evrchronous with th alteorn-tion of
the current supplied, It is the 2*ove rentinrned character-
istie mhich pives t'iis nortic lzr rachine the rzre "uynchron-
ous irotor®,

Svnerronous rotors have the g me construction s= alter-
nators with the prhssible exzertinn th-t synchronous motors
»1e 2lwerys built with s-lient poles. Momever, on. 2ltrrrator,
or sgynchromus gencrotor w11l run se A gyneironous - otor;
likewige, ony eynchronous 'otor will run ne 2 eynchirnanous

cner-tor, but, ns » rule a gyyc ronous cen~rrtor —ill not
h ve an effoctive drronins device to nrovent huntins snd ~ill
not overnte esticfactorily as a motor.

Proonbly the ex:larstion of = syncuronous rotor wnay
best e introsuced by first erplai~i- 4t fror 2 nhysic-l

point of view. In the ordin-ry for of polyphmse =1tcrn tors,



the rotor will coneict of a crown of iron cores with

sslient poles excited by coils recelving direct current

from a separate exciter. The stator will consict of a
circular core of laminnted iron having esome induced windings
placed in slots in such a manner that the wires in success-
fve slots shall h=ve alternatinpg current of different phase
passing through them. If a four pole six vn'ase machine is
congidered, with three slots per pole, the wires in the six
slots whiéh'cover twvo poles of the statotr, as ve follow
along the periphery of the latter, will have passirg through
them, 8ix currents which are out of phase with respect to

each other by one sixth of a period.

INOVCED




It will be seen that at every one sixth of a period
the currents in the stator resume the =rme volues, but the
later are displaced one sixth of the ~idth of a double
field {8 poles) in the direction in which the currents
succeed each other alonz the stator, Therefore, the axes
radiating from the marnetic field produced by the windings
of the stator disnl-=ce themselves around this stator with

an angular velocity.

o = = 27
P PT

Where T = tire of altern=tion of ocurrent, P = Mo, of poles,
.The mrapnetic strength of the=e fitlds cnrn be considered
practically concstant inasmuch as it also resumes the eave
value every one sixth of a reriod. Therefore even though
the st.tor is stationary, the result is the sare as if it
had revolving poles which attract or repel the poles of the
field, and we may re=son as if we were dealing with the
attraction of two systems of magnets presenting the same
number of poles rhic: are alternately north and south in

polarity.




The poles of unlike polarity attract each otherj the
othem repel each other, If the external rornets herin to
rotate slowly they will dra- the armature with them due <o
the fact th-t poles will tend to rcorain opposite of poles of
unlike polarity. This care effect may be obtalined by supnly=-
ing alternatinz current to the stztor winding; howev:'r, 1%t
must be understocd th=t the =1 zture must cowe un to snred
or be locked into step vith the revolving field suponlied by
A. C.

This at once brinrs up the sucestion of stability of
synchronous rotors., Aefer 70 pages 20-22

As with many other technic~l subjects, nne ray be able
to explain the physical action of a machine yet have s very
incomplete knowled;e of its analyticsl théory and fundar.ent=
al equations which enter into cslculations connected with
the solvin~ of problems conccrning that p-rticular rachie,
With this in mind 2 few of the rore sirple and fundarentrl
f cts of a synchronous motor vill be analized,

From the folloving figure, sippose A and Eg are caid

to be in synchroniem.




From an external stsndpoint Ep and Ey are in exact
synchronismn =nd may be represented by a sine wave, both
curves falling on the s-~e peinte. DBut if the circuilt
is opened and viewed internally, EA end Ep would be found
to bc oprosite »nd mirsht then be represented by two sine
waves, one displaced with respect to the other, by 1800,
Now take the prime mover off of B 2nd ites voltare vector

rotates in a olockwise dircctiom as shorn in the following

p & | gllre.

The amount of load on Ep determiree how far the vector
willl rotate and may beset he explasined by referring to a
direct current motor.

It 18 common knowledi'e that current taken by a direct

V- E,
Ta

voltage, E; = iaduced =rrature voltage or back L. V. F.,

current motor is equal to IA vhere V = irpressed

and r, = armature resistance. If a load 1s ap lied the

motor slows down =2nd decrenses EA' It will continue to de-



/7 |

crease in evoed until the corrent “=q increased cufficlently
to ¢ceiry the load. The theoretic-1l 11 it of 10o-¢ c~n be
readily o' ovn to be reached vhen Ey = I, r = 1 v, Tus
1t is seen that a direct current rotor ~djusts i1tself to
a c:anre in load by chrniing its spécd, that is, ~ith con-
st -nt excitatinn.

A sync  ronous rotor rust run at synchronous speed; it
cannot ¢ ance 1ts ~vari-e epced to accomodnmte it-elf to a
chan-e in lo=d or excitntion, The current t ken LY & syne

- ¢
chronous -otor is ecual to I = V=T, ., Yhers &, 18

1 - 8 bl
the synchronous irned-nce V = the ivprecscd voltare. Cpt=

8

the ener~ted wvoltare,

For : ,iven excitntion E_ ' 1s fixed in mapnitude, hut
its phacse rel-ti:n ~itl: reenect to V rey clinnce and nlter
the cur ent as mro2y be s;:n by ref-rence tn the vector fdig-
rrame. Therefore, 5 e nchroious rotor gcoor-odstes 1t-elf
to 2 clinn e in 19-d by chsn i~~ the nlas: of its ~ener-tor
voltase vith reasncct to the voltrpe 1:7rce-ed zerocs its
ter-inels, Ite -verq e snced do-s not chu-~c, but its
inetontareo s speed ¢’ .rnires lon~ ercu h tn cerrit the
re vired crhan.c in .nse to t-ke 1rlince.

Referrins tock to thz vector dis-rrm it rzy te assured
th t Ep is const-nt an? .cy Le t-ken ar the reference vector.

Then L} = E, 4 jo.

A
Suproge Iy 1s conrt-nt 4n effectlve vlue but T is
. S, R

varicile. Then Eg T E; (-00S " 4 j cin 7).

The rzcultsnt voltape co sl - ile current is th.e veeinr sum



between the 1 nressed v-1lt-~ e Ep ond the ivduced volta e
EB )

Ther=fore Eo = gA +
(E, 4 30) 4 Ey (-cos® 4 § sin B)

= Eg .(coe £+ 31 cind)

30

I3

0
Eq Eq 4 3m» .

S0 now the cur.ent flovin in the lo ' #nd -otor is
= ﬁo = E,. Eq cos B ¢ JE, sin R

glooo

Tlo p 4 j¥1oop.

Yo =14 ji' = nrmotor cuvient.

As in any circuit the 'otor vover is coual tn the nrodiict

ol th. real parts of the current znd the voltare plus the
pr:duct of the imapoirrry prrts of the c.rrent an? the vhltare.
Trherefore in thie case the rotor ro-er

Py = =iE, cosl § 1'E, ein B,

Likewice the gencrator rorer P6 = 17, 4 0.
Therefore thie locges = PS - P..

= -ily cos B & 1"y ein B = 17,

U TIVG
In port of t 18 discuesion reference has been r~‘e to
the irstgrtaneous chan:i-e of spced v ich t-kegs nlace in a
rotor when tne phase rel-tion between the cener~ted sn? im-
pressed volta:'e chanses so th-t the ' otor mny assure rore
load. ‘“hen this action takees place, the "otor n~y over=

run ~nd revelo»ne too ruch norer., It =xill then sHred vp and



may arein over-run, thus dewelonir— too litile o er.
This phenorena is c¢c~1led hurtin: £nd 211 ~ochince in
which a ci.uvie 0f lced is recrrprnied by a cl=nre in phace
are subject to this action. It i¢ Jve 1l-r -€ly to the Trct
thot the :»otor tries to assuve rore lzad »y a chanre in
speced znd the inertia of the revolvinr n-rts do not respond
to the c'anve in electricsl in-ut. VYevortheless » e nll
auount‘of huntin:» rust =#1 2ye t-le ~loce rhen a lond on
a syncrronous rotor 1s chanrnd, hut, with a pronerly desicmed
motor onerating under rood cortitidng, 1t shovld he o ~11
ond not noticentle,
DA PIVC
Two of the rost cor on ~rys of diri-iehins Turntlin 18

Ten -
v

by increasiny the roment of irertia of the rotor eClCine
a fly=hrel, 2nd B usine 2 e ort circuited low resigt"ﬁce
vindin» vlaced in the ncle f-ce, OSuch = ~i-dirr ie "mo™n
ng a ~nrping or arortiscz2ur windirr,

T"4is windin h-~a no effect on the onrr-tion of tho
rrachine as lon» ‘s th2 m-~chine is not Tuntin~ rnd the rric=
ture renction is fixed in space nhase —ith res»~ct tH 1he
poles, ™hen, howev~r, btuntin~ starts, the ~rm-turs rerction
swee;s back =nd Torth ecroes the pnle fece and 72 uire wind-
inre  The flux cutting the Aorsing windin - inuces » volte
rge which vroduces a ciitrent in such a Airnctio- -~ to oprose

the chanie in anrular velosity. ‘has it3 »scti-n 1a si-iler

to the ~ction a viscous fluid h-a nn ~ ren’ulnm,
TIRTARS AT CTanTTon

Nesicdes Leinr of v-lue for its d= nin~ ch-r-ctrrintics



elone, zn arortieseur vivdin ia of v loe i starting a

eyrne’ ronous rotor. hen the a ortieccur indin - i3 oac use

C

of in st rtin~, the i »receced nlta e ghnild e T uccod
t rou h a ¢irpens-tor or from trensformer cormn2ctisus.

Soretires the e’'dy current and hysteresis lo:rces in
he pole fnces caused by the revolvine field seot un by the
erivature reaction of a polyphnsa rotor =111 vnroduce a
st rtin:: torsue ~hich rnzy cause the ' otor to st-rt witlout
the arortisceur winti-, tPowev r, the torgue produced
vith-ut the windin ' vould e emall =nd exces-ive current
would e reguired,

Ales hiph voltnre »onuld be induced in the field vir'ing
durin;: etrrtins due to tha r~rrr-ture reaction flux greep-
in:- zcross tuc ~ole fmces, T.l« effcet is a raxitu -3
zero e€» 4 an? zcro “hea s nchrorous opzed is r-uched,
but, in any core cextra fieid 1 sul-tiim chhHuld Tie ;rovided
on all £elf ctartli~. syl ronous rotors. Short circoitine
the ficld «irlin - vill r:Zuce the volia e induced in it
cerdns stortin . -nd 111 eli;htly lacroese the stextirs
torcue,

Boti: of the -alow methods re uire special chersct r=-
istics viiicli a e vory seldarn vrrecent in a roch ne cecined
{oT a syng ronous -enrator, ond run as a syncirondus ‘otor.

Trug h-re T, C. 1s avnilnnle, the motor way be vrouyht
up to eyncuroavus son=ed Uy ite excitsr, COCr, in sm e cnces

speclizal auxili=zry rotors rry be used.



Ry I e R e P A
PO PRI A L ~r L

As Y25 Lecen st ted, this otor .eners2tar sct hoq
been in th2 l-borator: oy 2 e ort tive o7 ro terte 1::d
vzen t-ken un to the tire this toct voe gt-risd, Unlcr

9, -

the~e clre: stanecrg the rost lo:-ic-1l test seered to e one
of det:r inine the =irin: ¢iarro of the get., Thils s
accom-lisghed by the ure of o hell in connectinsn +ith a
telen Hne ramicto.

Aft=x cdetr-ini-» the connzction dlar-m of the get,
a st-tic tcst w8 rnie bty the use of a regohrer., Tecsts
w.re rade hetwmeeyr nll n-rts of the » chine v ich »: e sunpog=
ed and e'o0ld ve inenl: ted fro~ cze' other. (A i1 to Lo

22t on the corrut-tecr of the 2400v rvgciiing +~8 not 1 nde

Luat e're s t2len in puttiae holf voltare on the oo cture
as a relirinnry tent

The r2xt tz-t ur’cotnien v g Te-iatznce »oo cusencats
of 211 circults = orils ol civeults €0t were o tri-ed
~ithin th~ ecot. At tihils stn e diT7iciiities vove eucount red
in gettine consistnt racults and one 13 ir 2c¢litely 1 vrese-
23 by the fuct thut recictonce, s 2poken of in the class-
rdon, is 2t 21--ys coay to out:in.

The first trials =: e t.1ea by the Ydrop of potential
riethogh Zue toH reter defects all r&ndin '8 were corrccted

from a ¢a3librsti n curve tut congistant results could

)

be ohtoirsd on t oce resi~tonce r2ncure snts wiore vnlues

=ere very siasll. The ™ ent:lon2 bridye net od" vig finslly




used and satisfnctory ro-nlte —nre outnired, It :poe found
that the smzll volog t-her v the 2von of notentinrl rot od
were in ervcr hy 2°C7 to 470”)nho"ivv that thie 1ot od =7 uld
not Lc vesd vmen re’i-tle v osulto cre dogired, (rre v g
teken to 1.-ke cond contacts vith £11 cire-its or * rts of
circults elvr reorsured, The ivnortonce of t7is srec nitisn
veg exphrolzed wen roci~tonce woorure =ntg wore 0 e an the

~

elip rin o, Wit it e~rdirc t': v on film 07" the cnne
1-ctine curfecs or f-ie of the rin, tv~ reci-toree g
foung to -~ ~ro-sch 1ﬁfi“ity. After endins tha sur
roochins o ret-1ic surface, the reeictnarce vs found to ke
v. ey oemsll,

Cofose ury Turt’ v tects could Yo - oda g rvei’nl of
gynctranizin - tte A, C. rotor ~ith tho 729 +0olt ¢ v ug sup-ly
lind ty b2 Aetervined,  The D, C. orcit-r 'ne. ATTCTD g

driven rs - rotar o rin~c the ecet vy £ o nd, A MO

switci i~ oy chntrel eyivrent vre wresnt in the 1-tar-tory,

. |
J
)
joh

a four poirt £:02 plaots tvna etretin~ rrostat —rna

in th2 1 'n2 ¢en-rccted 9 th2 otor. 2n n reter - g SYaced

-4
ct

in the lire 80 872 id2q of the lced ¢y:13 Ta okt~ *vned,
-8 foun? th-t the ercit-r “22 e vory ungt-"12 =t tte 1 4
necess vy tn trire~ the e2t us to emced, This instohility
vu8 due ty the £ ot th-t tre cu ul-tive c-r-ound rencrator
Tag asting oo oa Ciffzrseti-1 oo voun? v 3tor ~nd o2 v oct
to tle ch= 3Etcriftics renti-ned 4n tho diccnecio-n o0f “irect
cu. ent theory, In 11 crges it — 17 drom oa enrr vt ~hich
fluxu=ted ta thr oxtent t9 ~ oo 2.7 241r-uit br-~"eor~ in the

line., I onrne caege the otor et=ct-d i1 ora “ir:zztion ol



tlien revezsed, in the roontire Coovin: on cxecescive current
=snd oneni-« the circ it 'r--kers in thc live,

In orére tn avires e *tvo ~tove roctisne? Cii{ic Vties
the lise to th2 vet 2 v o connec!.d et €an ths s.1ies field
‘nd grvoture tun oner~ticr s 1t 25 3 otunt cotor., Uit tils
conrecti-n gneed ~og rendily okt-ined by cncrctins t'e  otor

a0

at a~-royyirately 12°v onad 2 per2g ~1th the eyni rorous
rotor cennratit s o valta e eait-lla for eynoe rosizirng,

The gynchronius  otor - 8 s~garately excitsd on gt-rte
h)but Prcitatim ree 0 t2ine? fro- the T.C. exciter vo.
423750 thr~nsh the me’iut o a t-o polez double thin~ 8 itch
~ren the A. C. retnr o2 bsen sy—-c rvinized, GOynchiro-izinge
g pocnrpliczhod Ty the uce of two I20 volt raters con ecte

1 4n etrol: it hetrern the 770 wolt Cnrug rhﬁ the Ae Co
rotor. O~re - e execreiasd 10 hewin o 4ha phase rot o tinon
such a8 to e frvor-"le to tho Jicacti-n of rot tion wrused
by the D. C. exciter ovor ti oo a g unt rolor,
Ivv-2¢i-tely w-on rynchrivieing, ths 1linz s-1te, 1o the
Ne C. Wzeciter no. 4720270 » 3 onercd -0 thz2 dou lc throw,
c¢ntle role srite: i the fi<12 ci coit of tie 4. C. B8/n=

ciiranoue rotor s oner ted co ot thae U, C. exciter To,
472830 ™na nom funetinin- rg 2 cu ulqtive covvound encre
ntare Crore —ng uced ~% 945 point In rakics sire th=t the

polarity of the D, . cxciter Mo, 402250 was tle erme o8

th=t of the serzrrte erxcitstion to the 4. C. motor. The

excitatior of the 2, O, mnt r =g cn tinlled froe t.1s stogpe,

by v-rvin~ the v~1lte ¢ o1 472 T. C. erciter by incertin-

resBt-nce in the fizl? of thct rocine,



Turion~—~ the to-tin . o7 the 2o
sy-chrinous rotor Luntod to Ahe extent thot
stay "in otop? vhiooa th cwgoonic 1 oeom lico
Ae C. graenr aueg 20y ont
clicommecsed, The "™y cyplan-iion —hiceh o

-
’

ie 1ot the reduced 1ass, Cnured 0y disconne

r.achins= {rsr o=¢h other, reducszd the irerti

ivg part s> thet the ontivy tend ey mis no

.-
15
.
3
-
o

thwe st a9 st oiod Ty

curonous zotor. Th2 fiz2ld -8 cloxvt cire itc

gicrlal w1ty tho AL C. totor oseresti - as =n

1he get 0%t 1ved o roxia 8prd of G0N e P

(R ]

valtn e on tho gyacliounous rotH r - g Ulan
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and rore att2ntim vrg n-id tn eattios 4ha roohiine 2xnctly
level, Thin “ng ncenm=liehrd hv nuttine a wn-Adan rad-n
uniar ~ne eanse Af the freon,

Tueis - the le-? -0t Af ex2l v "o, 402751, it - ~8
foun’ th-s th2 rot-d enrrent of 18 » reres «wng tyo Wi-", end
fiove the evaerience o0f Tun-in~ the tects it h-os been 2ecideqd
ti-t »ro™ Yly a2 current of 8 - noree ie rore noorly tha
cotucrl crvrcity,

"hile o dre the ro lozd szturetion test, tha field
cui o ert g refreed fror g maxires tn 2 minirum v=Tne and
c-ve 22 tRken rot to nermit the curraent to rire = ove its
In-2ct v-1ve 2t ~~y tire; the Tenegon neins 1o eliri--te
irre-1rl27itics in tho ecurve dnue to hretorecis nhennrmiong,

A lo-d "1lta e tert an? nn 1n~@d geaturation te-~t ¢
¢led raca an the 24770 wolt Firect cur ent conoretyv VN, Al4-
7201, TPeofore hirh voltze wrc ~enorated the frore of 1o

rachire ond ore 47 0f the 1ine -=2g ~rHMi3-3d ag n ~r~coution.

The lo- 2 nececanry for the 1n~d woltn e test v 9 ob=
toined b conne tin~ to -~ %onter herrel® rrencst-t, The
rheoctat o rnelects? of 2 15 o211 n envthen erneck Fi11e? ~4th
cler to~ ~=ter, The elr-ctrndes cnnelsted of iron ro?s of
2/16" dinveter ond ~cre held in A 14743 nosition by beino
g ciarle fregtene? ta a £% bnard ot the ton, Tha electro’es
ver@ pleced 110 ennrt, Vo artificisl mesng vere e nlaved to
cnol the wotor 2g the 1921 aa not on for ~ry ro-t 1or th

of ti~e. For rnv extrnAnd ~apr-+i3m the "her 1" r ~]d be



larper ¢n¢ ihe erceirades clrecd Irrth o oanert. Thie is

dzered neceocc vl duc o ;&b bein: forcd wioud the erde of
vielent arcing which

tie elesticier o (pmedew T™row r:ooliads,  Yhe arcli-e oo

~1s0 accoiveuilzd Wy tirorin of v oter v oich w18

¥in: o o cover very cdveotoseaut.

Foltare »og rescuced it o 150 voit volt oter i
connecti v Wiy o p0ldiplier vicee oultiylying £ ctor s
2. 2t tudio tire 1t o3 noled ot Jhezo.ensrentor o8
ovirrhi nti:» ~2on caroyingy: rated curzent of 7.4 n peres. It
4 that Crowelly 6 woueoras raald e vory nenr

has been caci

the iruc CapuCitye.

ct
<
I
>
C)

ol the syachroroduamotor cansist of a ro 1oad

gaturation test, V curve tast, and = & ort circuit t:=st.

Thig no 1o2d eaturation tuat voe run usive cuciter ol 403430

as otive porer ¢ sepneeotcly excitio s the cynchraonous rotor,
Due to the buatine chor. . cteristics of thn rotor, it +-s

viery hard Lo ottaln acourat2 realir,ss for the load vohlte e

teste  Thoe 0.1y wuy u current resiin c¢oald ve obthained us
Ly ep roXirctivg, a rean velue of thst wort of tun scrle
trovereed uy the roter neecle. In t iz test tte gynchronous
rotor -~ s lozded vy ihe BDe C. jenerator ilo. 434701 »uica In
turn - =g lo:rded om the Yooitor biorrel® rheostat.

The De C. ercitor to. 4408600 ozer 11l gs & swurt  otor
wog uead for robive powor for the = ord circult te-t.e Tun

-

pPiuas:s viers suorted theon hoon oaw eter snd the [ield current

a
[}
&)
o}
o~
Q

vag reirad to suci @ v lu ;dv - a2 ghort circuit
currznt sil. tly aov: t...t of tho rull load ratins. fhe

fieli current ~ 8 preudaally decccased to zero,



The t2:ts »ic: conct I Lhic 1ozt tir.e 97 any other
individo-l ¥ »rps i@ yeuar ot oy Tun to Jelsr too the
losgec of Lhie et Dev il voviove of St oweints o thie 1ossces
of the vet e e crncidured But gero -l £ ctovrs vate t
ret=rd ticn vet od th2 1ost fesslole. Tudine ihie toct,
diff:zrent voliuce of cunt fi21<¢ ¢z ent wmer2 1tiieon an’ {uu
fu.tl oo ren noave 12233 Ite Pe T domLr o token of ttue
eeﬁ,-% it 7ae slloed 1o ¢y ¢ to a eton »ritle irstent-necous
gv.ed "8 reed ¢very 5 Lece In sare caces it oo foumu
sufficient to t..¢ re:él ;s only cv.ory 10 £oce 71t tide

erre £1:14 cur.eat the vower inmwut 2t s> e spued Lelow 1200

ihe .ove t2st ould 1ve the core lcss cdue tH thot
field cuv.ent plus tuc vind: e =z friction of the tot-1
sct, Thz fi:21d cui ent 8 reuced i stecws to zers viin
a c:uplete sct of valu . s Leing t:iken for esch new cuivent,
the 1.9t tzet on cac™ ruchiine ¢ neistsd of ralsivs the
Lrusnies il oa zZero fioid corrent enl b Wine resiiv s os
g#u;, csted.e 1hC - ove proce.gic ris corried out ithu woch
iv71viduel raciine sau tlic data ovenined rpkes 1t possi le

ine,

—

tn genar-t2 tu: core logs ¢ud trug. frictisn of each riuc
Yo tect os mede to se rrnte ti.e windope from the Learir -
loss.

"In oader to raoreurce the ilostantaneous €pced 4 De CTe
tacioreter o8 ¢ ustiucted frow an €lectric §-n votor. Free
li:l ary Tuns warz »ade to Getoroive the v-lue of 1ield

0

cui-ent #0d volto.e becl suibsae {0r tue partic-lny =iz Of



rotor we were usiv e ng a onerstor. It e Tound cone
venient to r-ke the fir~ld current of the onri~iral f-n rotor,
of suc’: » w:Ine so L -t the v:1tr e renrr-ted -ould re- A
directly =1 1/1000f the actusl en ed of the cet, Inci ent-
&lly this - ve rn-arly full ec-le cdeflectinn cn a 13 wilt

votlt etrr.



CONNECTION DIAGRAYS,







CONNECTION DIAGRAM FOR D.C. GENERATOR NO, 43470L

Xe Shunt Tlﬁln.

\?A‘?/ Int arpOIa
SeFe |

X=— Exclted by D.C. exciter NO, 433851,
S.Fe— Series fisld,

T=- 2400 volts D.C.



CONVNECTION DIACRAY TOR D,C. EXCITER NO., 433851,

|5

S = Series field,
Sh, = Shunt field,

Load --Tield of D,C. generator NO, 434701,

CONNECTION NIAGRAM FOR D.C.TXCITER NO. 433850,

—

~

> Series field, CeSe=- Com-cunding Shunt,
She—— Shunt fiesld,

Loid,=- Tield of synchronous motor 40,634737,



TABULATED DATA.

\“\A

\\\



Nava Plate Data
D.C. Generator No, %33%50,
Tyre ¥P « h = 21 = 1200 Form n,
Vslts no load 125, Full lo-~4 125.
Armersg 18, Pe P M. 1200,

D.C. Gener~tor No. 433751,
Type YP = 4 =« 21 = 1200 Forn ™,
Volts no lo~i 175, Full lo~4 125,

$prreres 1%, R.%."". 17200,

1.C. Motnr No, 6214627,
Tvpe ATE = § = 13,3 = 1200 Fow= 6,
K. %, 12 R.P."e = 1200 P,F, = .9
Amreres 35, Volts £111 load 220,

D.C. Gen=arator Wo, 434701,

DLC - U4 Form A Corponni winling,
#Avparaes T.M Volts 2't00,
H.P. 19 R.P.'". 1200.

®* YNote th2 ch-n~z recosmenic’ in tha discussion.

All rmachines ~anuf-acturei hy Gencral Electriec C-rpany.



Static Testa.(insulation rasistancs)

D.C. Exciter Ro. u}}SSI.

Resistanoce.

Between shunt field and frame

Between series field agnd frame

Infinity.

Betweer brush and frame

Bctyoon brush and armature core
Betweon series and ahunt field
D.6. Exciter XNo. 43}850.

Between shunt field ani frame

Between series field and frame

Between bHrush anid frame

Between bhrush nni arrature core

Between series and shunt fields

1.C. Motor No. 624627.

Between nhase 1 ond frame

Petween phase 2 and fra-as

Between phnse 3 anl frame

Betwe~n glip rinrs

‘Either slip rin~ to frome

Between fiell anil "r-~me

D, C. Generator 43701,

Retween gseries nnd shunt field

' Petween sarroture winiliner ani armature core

Petween brush snd frawve

Pet~veen inteorrole windin~ ani frome e=eeem=

Petween sarmature ~inlin~g

Retween either field winding nni frame

37



Circuit resistnnces,

Tearporatura nt tima of tnzt,?Oo Fe

D.C. Generator Yo, 433750,

Oircuit, Ohma resistance,
anﬂt field, - —————————————— ————— Lg,?
Series fiesld, 171
C§mboundinq ghunt, ~——mecccccc e c e 1.12
Series field in rurallel mith ghunt,=eec—— «179
Armature alone, - - 517
Armnture,brushas, &pi~ tnila, 1,35
Prushes & pis tnils alona, -=- JEUE
D.Cs @enerator No. 433751,

Shunt field,--——--e £1.5
Series Tield, . 265
Armature alone, 52
Brushes & pig tails & lenis, . 92
D,C, Genarator No, 434701,

shunt fiela, l - 27435
Ser iea field, 79.3
Armature near A,C, motor, 3. 7%
Armature near genarator No, 133751, eceecees 3,71
Brushes & Leais--A.C, rotor end, o2
Brushes & 1aads --exciter eni. .76
Interpoles _ 1,34
A,C., Synchronous motor No. 6727,

Rotating field 12,2
Brughes, pig taila & leads. 2.3
Stator-= per rhaase, £yl : - 063



Circuit rcsistnncas,

Tarroratura at tire of tazt,?Oo F.

D.C. Cenerator Yo. 433750,

Gircenit, Ohmsa
Sgnnt fieli, - - - e e e o
Sertaes field. ———
Cémvoundinq GHUNt, ~=—mmcccccc e e e

Series £1ield in rirallel 7ith ghiunt,=eecee

Arrmnture alone, -

Arnnture,brushes,fpi~ taila,

Prughes & iz tnils alona, ==

D.Cs @enerator No. 433751,
Shunt field, -
Seriee Tield.,

Armature alone.

Brushes & pig talls & l2als,

D.C, Cenerator No, 434701,

Shunt field, -

Ser 63 fileld.

Armature near A.C, motor.
Armature near generator No, H3375], cmcene=
Brushes & Leaig==A,C, rotor end,=e—ccccnce

Brushes & l9nda =-axciter end.

Interpoles

A.C, Synchronous motor No. 6227,

Rotating field

Brushes, rig tails & leads,

(Y)

Stator-- per phnae,

reaistance,
Lg.?
171
1.12
«199
517

1,355
JENS

€15
265
52
.92

22.35
79.3
3. 7%
3.71
.76
1.3%

12,2
2.3
063

N

\\-4\
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o Loal Sasturation Tests,.

D. .C. Exocltax D.C¢ Exciter,.

No. 433650, Nve 400801,
Terminul Field Tersinul Fleld
Volts, " Current  Velta, Current,
138 1, 81 124, § 1. 75
127 1,.56 e 1,54
117 1.. 33 116 3
1C4, S 1, 24 1¢5 1.7°4
Q7 1,.16 895.5 1.13
51
91 1,.¢8 85 1.01
83 o. 81 71.5 « 78
66 .. 753 62 . 66
55 .. B 52 . 02
8C 0. 53 &0 « 38
40 . 40 ch . 30
0] .. <4 20 o>
= .. 19 19 . 15

o 0. 00 4 . GO
DeCe O2n-xitor No. 434701,

T rein l Fiqld Permin.l Field

Volta, current. Jolta. urrant.
oy Tt 5.1 1360 Ze 5
570 ° 1.3 1100 1.9
2u0C 3.8 cCo 1.57
&0al Ded €20 Te
1760 CeEh 330 o7

16 «CO

37
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No=load gaturation.

" D.C. Oenerator No. 433351 |
' |

D.C. Ganarator To. 433850
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Fisld_ ampares.
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No=load saturation.
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Yo 1Al Batoratior

of svnghro~ous retor Yo, (707,

Teariir-l rinld
Vet Commard,
?}1.6 5, AN
an?, Ny
172,64 W, 3
17,2 h,
160, 305
1.2 3.
10C, 2
-?3- 1.5
"D 1.1
000,0 000

Y ort c¢irecnit t~at o”

Line

cur-ant,
45.2
2.5
38..7 .
3.5
28.8
23"
15.4
104

5.75

Ti~l11
Tt

1.75
1.65
1.49
1.3
1.09
.85
55
.35
.2
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5 nNa’ TOoNNy motar

“e 6”"")27.
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Loai voltare test,
D. C. Genersator No. 433750,

Series field shunted by entire shunt.

Terrinal Field Lond
Volts. Current,. Current,
122.5 1.63 22,2
123.5 1.64 20,
125, 1.645 19,
126, 1.65 1g,
126.5 1.65 17.1
127, 1.66 16.
129, 1.68 1k,
120, 1.69 13.2
120,05 1.7 11.9
131. 1.7 10.9
132, 1.7 9.5
133, 1.72 7.9
134, 1.73 5¢3
134.5 1.74 2.9
134.5 1. 74 1.6

134,5 1.74 0.00
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Load voltace test.
D. C. Generator No. 433250,

Series field shunt tapred at cznter,

Terminal Field Lo~4
Volts, Current, Current.
122. 1.7 22,5
124, 1.725 20.75
127. 1.605 12,
129, 1.79 17.
131.5 - 1.£15 15,
134, 1.85 13,2
137. 1,885 10,45
138, 1,91 7.95
142, 1,94 5.7
14k, 1.96 3.

1)4_6. 2. OO Oo 00



Lon1 volta~e test,.
D. C. Generator No. 433350,

Scries field shunt reroved,

Te rminal Field
Volts, Current,
122,5 RS |
122.5 1.4
122,5 | 1.4
122,5 1.1
122, 1.4
121, 1.39
118, 1.35
116, 1.32
109, . 1.26
101, . 1.18

7.5 1.5

Lond
Curr~nt,
24,25
20,5
18,
16.1
13.6
11,6
&.8
6.8
4,2
2.
0.00



Totminal

Volts. .
B7
131
p ¥-28
108
93
38
12
5

Load voltage tests.

D.C. Gerarator Wo., 434701.

Terminal
Volts,
2320
2380
24ho
2480
2520
2540
2500
ohec
2460
2320

Load

Current.

7.1
5.9
4,95
3.9 5
2+95
1,95
1.5
1,00
.6
0.00

D.C. Generator No. 433251,

Field
Current.
22
.20
.19
.16
«1%
Ne
.01

#35

Load

Current
7.9%
6.5
5.6
4%.55
3.15
1.20

o2

0.00
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Load=voltage curves.
D.0. Generator Wo. 433550,

and

D.C. Ganarater No, 433851

P ——————— . <y "

1

.1;'u»33350‘

Spries
- 2- 433850

Seriss
antire
Series

3- 433850

%=~ 433453

1814 ghunt tapped,
f£islé shunted by
shunt,

field not shun tad,
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Loai-vqltagé oufva.
D.C. CGenarator No. H34%701. 5%
2800 e - -

2400

1500 B

1250 p «- i T R S

erminal volts.
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Load amperes, | = 5
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V=Curvas for arnckroncas motor No, 674527,

Load No. 1. Lond Wo, 2. Load Yo. 3.
Line ' Fleld Line Field Lino Fleld
Current, currant, current, currant, current, current.
L7. 3.9 . 49,0 h,2 4540 3.7
by, k.0 43.0 5.0 k2,5 3.8
42,0 4,1 43.0 6.2 31.0 holh
18,0 h,3 44,0 Gl 6.0 5.7
30,0 4.9 L7.0 7.4 13,5 6.5
25,0 6.4 22,0 7.1
30.0 7.0 38.0 8.0
39.0 7.5 L3.0 8.4

~hh,0 7.9
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Time
qeé.

N

Fial1

Priighag
T'ever.2

- r
(¥

C e )

R, P,
1260
1205
1160
1115
1070
1075
980
930
830
g0
200
760
720
680
645
610
575
540
505
70

I-0
A Anr
.gegw

p. P. M. : ?120

LI P -
P
! ;

ey s e o g

Field
TTusheg v

Fowar - £70w
970

10
775
740
705
680
645
620
590

I-0

R. ?. Xg. -

P

u

‘e

Field I - 1.7
"ruskes do+n
Power « &50w
F.P.M, = 990
HePoMe

1355

1320

1270

1215

1165
1120

1065
1cze

o710

925

770

2o

720

750

710

680

640

605

565

530



Retari~ticn cn Yo, 432250, Co-t.

Time ™ " V. Re 7o M R.
100" Yo 550
105 10 535
110 375 510
115 350 &0
120 315 k55
125 290 430
130 260 400
135 230 375
110 205 350
15 120 39
150 150 305
157 125 220
150 100 255
165 75 235
17¢ 215
175 195
170 175
x25 150
150 130
195 110
200 90



" Tira
Sac,

100
105
110

Ret~td~ticn on Wo. "33250, Cort,

Field I-1.5
Brushes down,
Porer-850w
Ro Po M.‘IOIO

Ro Pouo

1300
1245
1200
1150
1100
1050
1005
960
915
£70
&30
725
745
700
670
630
595
560

Fi~1i1 I=-1.3
Rrushes do'mae.
Powar «G00w
RePo Mo~

R. P. ".

1275
1220

1170
1125
1070
1035
990
9'0
>ele)
260
810
770
730
690
655
620
585
550
510
o
Lus
410
370

7ilald I-1,1
"raszhcg dorn,
Paner «=690w
ReP,",=900

R, P. M,

1330

1270

1230

1120

1135

1035
990

°50

Fi-14 1‘09
Prushes down,
Powar =£20w
R.P.M,=CK2

r). P. ‘,‘.

1235
1235
1185
1140
1095
1045
995
950
910
65
s,
720
740
705
670
635
600
560
530
k95
460
430
400



Retari~tsi a o: Yo. 4330250, Co-t.

Tire

Sac, R.P. Y. R.P.Y. PP, R.P.Y,
115 357 350 325 370
120 320 320 355 340
125 300 290 325 210
130 265 255 300 270
135 23h 2130 270 270
1&0 _ 210 205 210 220
145 175 210 195
170 15~ 150 125 145
155 130 125 150 1"0
156 100 95 130 110
155 75 105 g5
170 ' L 50
175

120

145






Retardati~n on Mo, 133210, Cort,

Pield I-.7 Fi21d I =.5 Fiald I-,2% Fieli I=-.1
Rrugshag dorm. PRrushes do7n. Prushes 4o™n. Prushag do=n.
Powef «210% Powef -Eﬁ?w Powe? - 725w, Powef - §90w.
B.P.¥.~ 990 AP, =20 R P, ", =F£€0 R.P,M.= 715
géi? 3.P. Y, P.P.“.. R.P. ", R.P.".
0 1250 1320 1275 1250
5 1200 127¢ 1225 12%
10 1150 1225 1180 1160
1% 1110 1170 1135 1115
20 1260 1130 1090 1070
2% 1015 1035 1040 1020
39 970 1030 995 975
3 925 975 850 930
UXe 220 QU 905 €90
he 2ho £95 65 &35
50 &n0 250 225 75
55 765 £15 770 750
60 725 770 70 - 715
65 690 735 700 675
70 655 695 665 640
75 620 655 630 600
£9 525 625 600 570
&5 550 590 540 530
90 515 550 525 500
9% 4 520 420 465
h#0 450 430

100 450




Tire
Sec,

105
110
115
120
125
130
13%
10
1i5
150
155
150
165
170

PetFistion on Ve. 133270,

R.P. M.
L20
390
360
330
300
270
2 45
215
190
160

135
100

g0

R, P.'.
!;50
420
395
365
335
305
275
245
220
190
165
140
115
90

P.P.Y.
430
4oo
370
30
310
220
250
2 30
200
175
150
120

%

cont.

Po Po "!0
4co

370

65
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