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DIRECT-CURRTNT LABORATORY IXPTRIMENTS

General study of a Direct-Current Generator, and Motor.
Operation of a Shunt lotor.

Operation of a Shunt Generator, leasurement of Field and
Armature Resistancs.

Saturation Curve of a Shunt Generator.

External and Total Characteristics of a Shunt Generator.

Armaturs Characteristiec of a Shunt Generator, Armature
Reaction in a Shunt Generator.

Saturation Curve of a Compound Generator.

External and Total Characteristic of a Compound Generator.
Armature Reaction in & Compound Generator.

Spe24 Regulation of a Shunt Motor.

Efficisncy of a Shunt Motor by the Stray Power llethod.

Spe2d Regulation of a Compound Motor (Differsntial & Cumulative).
Operation of Shunt Gensrators in Parallel.

Operation of Compound Genoraters in Parallel.
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Diagram of Cornecticns: Cketch neatly witk pencil on a graph sheet the
commecvions as atunlly used in experiment.
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Expt. __Titla__ | | i Date

Insgectitm- This should be made for every experiment performed, defects
noted and corrscted whenaver possibla.

1. Is thers sufficient 01l in the bearings?

2¢ Are the brushses badly worn? Incorrsctly set?

'3. Is commutator rough er pitted?

4. Do2s armatury twn sasily?

5. Are all connections eorrsct?

6. Ar> couplings or b3l$sd connactions propoerly madsl ,
7. Is machine clear of %ools and foroign particlas?

8. Havo your wiring inspectsd and OK'd by insiructor,

9. Do oil rings furn and provide sufficiont luwdrication after machina
~is running?

10. Ars thors any defzcte, and any unmusual noiess in vhs mschine after
it is ruoning? .

11. Note here ths maximms and minimum currsnt rotings of &1l the field
rheostats you ugad in ths tast.

No. | Yake gsgiatmce o g_ Tt mtﬁg

Nots dafectg_ hara:  (Corrsct thom, if possihle)

®



$1.0¢ 1. GENERAL STUDY OF A DIRECT-CURRENT GENERATOR & MOTCR

This sh32t is to hslp you got acquaintad with the apparatus you
will uss most frequontly in your laboratory work. Check and fill in
all the requirsd blank spac3s as quickly as possible. If in doubt
about onz or anothar, proce:d with the rest, omitting that one until
assistance can b2 given you.

Typ3 of Dynamo:

Dii‘ec’c Currant Doubls~Currant Shunt Series
Compound, Comrutating-pole .

Armaturs:
Ring Drum Lap Wav? No. of slots
Conductors por slot F.M.E. Current
Watts Output_ Active length Circumferencn in
fast Spa3d, r.p.m Peripheral speed, ft. per
minuta
Commtator:

Active langth Total langth Circunfersnce in ft.
Poripharal spsed, ft. per min. Total No. of bars
No. of bars %weiwesn brushzas of opnosite polarity
Average voltage batwesn bars Width of bars Width
of insulation .

Brushss:
Material Bare? Copper coated? Width
Thicknsess . No. per sst No. of s3ts
Brush aresa psr set Currant density in brushos,
amp. /in® Tension of springs on brushes, lbs.

Fiasld:

No. of coils Form-wound? Hand-wound? No. of
polas Pole pitch (inchas)_ (mseh. degraes)

(212¢c. dagraes) Pole width Pole langth (axial)

Width of pole shos Langth of polz shos (axial)
Width of commutating pola Length of commmtation pole
(axial)

(c)



ﬁl—DC ' II1. CPERATION OF A SHUNT MOTOR
Prpccdure:

1. This test is to teach you four important and esssntial things
concerning a direct-current motor and three concerning the use of
ammeters and voltmeters. They are for ths motor, (a) the method of
‘connzction, (b) starting, (c) changing spsad, and (d) reversing the
diraction of rotation, and for the moters, (a) the proper method of
interchanging amreter lead connections, (b) protaecting ammeters by meanc
of a short-circuiting switeh, and (¢) protecting voltmeters and yoursclf
by properly intarchanging zead connzctions whan nacassary. As you will
usz d.c. motors and metrrs in practically avory oxpirimint you prrform, it
is to your advantage to momorizs th3s: s:von points immadiately.

2. Us3 a low-rangs amz3tor in ths £121d circuit, a high-rang»
ammotor in the lin2, and a high-rang: voltmster across ths terminals of
the lin> switeh.

3. Adjust th> fisld rhrostat so that all risistancs is out.
"Sae that all ammiter short-circeniting switches are closad.

4. Obs>rvs if the voltmater is ravorsad. If so, intsrchange iis
1224 commzctions at th2: lind-switech. Naver raoverse lead comnactions
at the volimater t2rminals.

5, Closn the lins switch, rais? the starting-box handl» to the first
notch, and note the diraction of rotation of the motor. If the rotation
is 1ncorroct pull th> lin> switch immediatoly and befors reloasing the
starting-box handla. Thon raverse 2ithor tho lzad connoction at the fisld
tarminals, or tu054 at th? armaturs terminals, and procesd as defore.

6. If the rotation is correct, procead to move the starting-box

handle gradually from one ncich to thﬂ next until it engages th» catch
and stays in th2 wright position.

7. Beforse opaning th2 ammator snort~circuiting switches sa2 if
the mators arc indicating in tia3 propor sonsa. If nod, thy lzad
connactions at the me2ter tarminals may H9 interchangad while the short
circuiting switeh is closzd.

8. Tak: raadings of th: lina voltag: or slectro-moiive foree,
armature currant, fisld cwrrant, and spsead, for fisld resistance out
and also in. Do not normit tha motor to spezd up excessively.

9. Roverss th2 dirasction of rotation of the motor. While starting,
obsarve tha fluctustions of the armaturs current as the starting rosistance
is cut out.

(a)



'#1—DQ Procadurs Cont'd.

Datacs
Tabulate all obsarvations on s standard data shoot:

Quastions:

Answars to questidns 1-6 inclusiv? should be approved bafore
starting ths t2st,.thd roemaindsr to bo answirad in the final raport.

1. Statz the function of a motor.

2. What is (a) a shunt motor?
(b) a serizs motory
(e) a comprund motor?
(d) a differsntial metor?

3. Compars the fiz2ld resistance .of a shunt motor with raspect to
its arcmature risistanc:. Way ars thay diffsarant?

4. Why is a starting rosistancs nicessary and wiere is it placed?

5. Statz twe metheds for ravarsing the dirsction of rotation of
a shunt motor.

6. How can you regulate the spa2d of a shunt motor?

7. If the mntor gave troubls in starting, to which of the followe
ing caus3s was it due?

(a) Graat ovsrload praventing ths turning of th? armatura.
(v) Excessive friction in som2 part.

{c) External or intzrnal circuit op:n.

(d) Wrong connsctions.

(o) Arraturs ravolvad at 3xcessive speod.

(f) Armature rovolved in wrong direction.

(g) State any othar causs.

8. Did the rasults chack your answaers to (4), (5) and (8)7

Referoncss:

5. &T. pp. 3-6, 27-29, 6i-66, 68-69,

.. Langzsdorf Art. 31, 60, 127.

- Gray Art. 32-38, 88, 93-96, 100-101, 104, 401-404.
Smith pp. 118-121
B. & ¥. . Art. 26, 59.
A.I.E.E. Definitions
Std. Hdbk. Definiticns in Standardization Rulss section.
Pender p. 40, 198.

- Dawes : p.309.
Karapetoff p. 340 Vol. I.
R. & T. p. 107, 128.

(o)
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£1-DC . DATA SHEET

‘Station
A = i C D=B+-C E=AD

Field R.P.M. Yolts | Arm. gkl Total Watts

! AKIP« .Arﬂp'

Rheo. I# # dt &

Out

In*

*Do not parroit the motor to spsad up toO oxcassive values.

(£)

Approvad




Expt.# . Title: | Date

Diacram of Cormections: SCkeich neatly with pencil on a graph sheet the
: comnections as a ctually used in experiment.

Apvaratus: Note name plats data of all machines used:

Station #

Yame | lloke - Nurber Type Forn B
e r———
Volts ! Amperes | K.i. H.D. Frequency Spand Phass

Instruoments: Noio make, mambar, etc., of all meters, instrumonts, and

[ S e e s Al LT
ziscellanocue squipman® used.
Metar| Make | ifurbar |[Medel | Type Renga Capacity Romarks
k
o P S— -
Article | Mumbsr | Doscription Articlo

(2)



Expt. . Mitlg : : Date
Inspection: This should he made for every experiment performed, defects
nou2d and correntedl whenover poseibla.

1. Is there sufficient ¢il in tas bearings?

—

2«  Ars the trushee vadly wern? Incorrectly sat? ,
Z. 1Is ccmmtator rough or pittadl___

B el

4. Do3s armaturs twn zasily?

5. Are all comnoctions corract?_
6. Ar: couwplings or ©3li22 comnactions properly madel
7. Is machin2 clzar of tooles end forsign particles?__

8. Hav> your wiring inspsctad and OR'd by inetructor

9. Do o0il rings tuwrm and provide sufficisnt lubricaticn aftsr machina
“is running?

10. Ar: thers any dof2cf8, and any unusval noissa in the machine aftar
i% i3 ranning? —

1l. Note here ths maximm end minimun currsn® ratings of all the field
rheostats you us2d in the Laesi.

¥o. | Xake Basistancs Curront Rat g
O ¥nx. Min.
Nots dsfects hera: Corract tham, if pessible)

(v) ‘
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d5-DC OPFRATION OF A SHUNT GENERATCR
MEASUREMENT OF FITLD AND ARVATURE DESISTANCE

Procedure:

I. Operation of a Shunt Generator.

1. This test is to teach you five important and essential things
concerning a dirasct-currant generator. They are: (a) the method of
connsction, (b) building~up +ha voltage, (e¢) corrocting one of the
mest common hindrancas to building-up, (d) varying ths voltage, and
(2) a common m2thod of loading. As you will us? a d.c. genorator
fraqusntly in all your laberatory work, it is to your advantage to
romorize these fivs points immediataly.

2. Use a low-rangs ammctor in the fisld circuit, a high-rangs
voltreter across the armatur> tarminals, and a higherangs ammoter in
the lins.

3. Havs your connactions chacksd & OK'd by instructor .

4, Adjust th3 gonerator fisld rhsostat so that all rasistoace
is in. 823 that all aumeter short-circuiting switchas ar> glosad.

5. R2eord th? voltag? dus to rrsidunl magnoetism.

8. Cles2 the fizld switch, gradually docrsasce th? finld circuit
rasistance and note thz voltmstor carafully. If the voltage does not
incrzase, insort 2ll the rosistancy, opin the £i214 tch and revarss
th? l:ads at the fi21d tarminals. Rafor to guaestion ¢11).

7. Adjust th? voltags until its val® is adout 110 volts, or the
rated voltaze of th? machins, and racord.

8. With th? watar rhaoetat platze out, dloss thn 1i
carafully low:r thz rhoostat platzs into th: watdr .miil the lin
indicatss full-load curront. Racord th2 voltags.

9. If prssibla adjust thz fisld rasistancee unsil sha voltage is
tho same as it was at no-load, and racord.

+10. With the gm2rator ruming at consitant spend ~nd aisnd
shift th? brushzs a2 short distancs arcwni thz commutasnr.  Iots the
rasults. Do not pormit the comrutator teo spark 2xerssively

*

11. Roverse the fisld connzetions after removing this load and
opaning tho fizld switch, and note the 27fect on the wmossinilisr of
bringing up thas voltage,

(e)



4300 Proesiury contd.
I11. MYeasuremont of Fiazld Risistanes.

|

1. Us2 2 low=-rang? mmotor and high-rangs voltmater.
2. Havs your wiring inspactad and OK'd by instructor,

3. S22 that moters are properly protactsd and oxtoernal fidld
rasistanco is in. '

4. Close the £i314 switch, adjust the rhaostat for a certain
value of currant and read the voltags.

5. Repiat for at lzast two different current valuss.

II. Measuromsnt of Armaturs Rasistance.

————

This test is madd froquently and should bhe memorized.

a.Lap Winding.

1. Lift all th2 brushos from the comuutator. Do not change the
brush-hnlder sattings, but relaase only the springs.

2. Use a low-range anroter and voltmstar and tho special leads
proviicd for the purposs.

3. Have your connactions chackad & OK'd by instructor.

4. Hold thy »nds of the spocial l3ads on diametrically opposite
gegments of the commutator, a2ijust the rhaostat for a cartain value of
currant and real the voltago.

5. Ropeat for at lz2ast twe Aiffaront currmt valuss,

6., Calculate the rasistancs from the dota by Qhm's Lew, valtinly

12

this by four and -iivide by the number of poles squared. This is ths true

running resistance.

b.Wave winding.

l. Lift the drushes from the commutator. Do not changs ths Hrusl-
holder settings, dbut release only ths sprinss.

2. Use a low-rang> ammetsr and voltmetar, and tha specicl L-ade
provided for th3 purposa.

3. Havo your connsctions chocked & OK'd by instructor.

et

()



#2-DC  Procadurs contd.

_ 4, Hold the onds of the spacial leads on commutator sogments
180 glactrical degress apart, i.o. on segmonts saparated a distance
squal to that bastwesn adjacant positiva and n2gativo dbrushes.

5. Adjust th> rheostat for a certain valus of current and read
th> voltags. :

6. R~poat for at lsast two differant currant valuss.

7. Calculat> tho resistance by Ohm's Law. This is the true
running rasistancs.

Data:‘
Tabulato all obsorvations on a standard data shoot.

Quastions:

Answers to quostions 1-10 inclusiv: should be apnrov:d before
starting tha test, the remajindar to bs answared in the final report.

1. Stat3 Ohm's Law in words.

2. Why is th2 armature rasistancs mads low, and the shunt
£1314 rssistanco high?

3. What is m2ant by brush contact resistance and how does
it vary with th2: currsnt for carbon brushes?

4, How would you obtain th> rasistance of several differsnt
parts of a szrizs circuit?

5. Why should the armaturs romain stationary while measuring
its resistance?

6. State the function of a gensrator.

7. Namz the thraz {typss of dirsct-current gansrators and
show thair differsnces by diagrams.

; 8. Why should all the rasistance of the fisld zircuit b2 in
bafore closing thz fi=2ld switch?

9. What mathod of resistancs msasursmont is gonsrally most
convenlisnt for motors or ganszrators?

13
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f2-DC Questions contd,

10. Explain a second method, stating its principle, the procedure,
and its advantagos.

11, If tha gensrator failed to sxcits to which of the following
causes was it dus?

(a) Rusidual magnstism weak or not prosent.

(b) Rovorsz4 fisld connsctions.

(¢) Short-circuit, eithsr in the machine or oxternmal circuit.
- (d) Fiz1d coils opposad to vach othor.

(e) Opoin circuit in tha fi2ld coils or connzctions

(£) Brushzs not in propar pasition on th3 comrutator.

(g) Rhiostat in th:fi2ld circuit of tdéo groat resistance.

(n) Statz any othor causo.

12. Explain ths variation in the voltage obtained at full-load
and no-load.

13. Explain why adjustment of the field current enabled you to
bring the voltage to a value equal to that at no-load. In case you
were uneble to bring the voltags back to normal sxplain why.

1l4. What occured when you cloged the field switch end gradually
cut out tho resistance in the fisld edrcuit? Zxplain this action.
What provsnts its continuing indsfinitely?

Refarances:
S. & T. PE. 3"6, 21"'25, 29"31.
Langsdorf Art. 51-56, 58-59.
Gr&y . v Art. 69, 74, 82, pp-3'70-371
Smith pp. 7-13, 54, 73.
F. & E. Art. 31, 49.
A.I.E.E. Definitions.
Std. Hdbk. Daefinitions in Standardization Rulos Saction
Pander p- 34, 147.
Dawas p. 48, 215,
Karapatoff p. 3, 287, Vol.I; pp. 188-207, Vol.1I.
R. & T. P 74, 77 : )

(£)
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#2-DC DATA SHEET
Station:
Field Resistance Armature Resistance {
Amp. Volts | Res. (Wave Winding)
# # chms Amp. Volts : Res.
S I |_oums
Av., o
172
Armature Resistance
Lap Windings)
A B C=B/A D E=4C /D2
Amp. Volts Res. Yo, True Res.
ohmg poles chms
Av.
Volts | Lino | Field
i it .l .
Dus to résidual magnotism i
No-load voltags ! B
Full-load voltage befors adjustment —
Full-load voltago after adjustment
Brushes on nsutral
Brushes maximum forward * )
Brushes maximum back *
* Do not permit commutator to spark excessively.
Approved:

(&)




Expt.d_ Titler_ Date

Diagram of Connecticns: Sketch neatly with pencll on a graph sheet the
: conmnections as actually used in experiment.

Apnaratus: Note name plats data of all machines used:

Station #

Name | lske ~ Number Type =~ Form u
-t
Voits | Arperes L q4.7. ; Freguency Spand Phasa
v
Instruments: Notd make, wumbar, etc., of all meters, instrumonts, and
miscellanscus equipmant usad.
Metor, Make | Nucbsr | Modsl Typs Range | Capacity | Romarks

Arzicls | Mumbsr | D35erintlon

(a)



B e e

~ Expt. Title o ____Date

Insgaction- This should he made for every pxpe"ﬁ*n@nt perfermed, defects
noted and co*rented whenever poseibla.

1. Is there sufficient ¢il in the bearings?

D | Are the brushee badly worn? Incorractly act? .
.3. Iz commutator rough 6r pitted?

4. Doe:é‘armture tuwn sssily?

B. Aré all connoctiona eorrsct?

6. Ar2 couplings or b3li2d connactions proporly madse? : ‘
7. | Is machine clear of tools anci foraign particles? _

8. Eave your wiring inspactad and OK'd by inssruetor

9. Do oil rings turn and provide sufficisnt Iwdrication after machina
“ie running?

10, Ars thors any dofacts, #nd any unusual noisszg in the machine after
it is ruoning? ,

i1. YNote hersz ths saximg &nd minimum gurrsnt rmmgi cof &1l the field
rheostats you uedd in ths tast.

No. |Mmke | BRasistance ~ Gurrant Pabing
‘ Qs  #ex. § om

Nots gsfects hera:  (Corrset thom, if pessihle)

®
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$3-DC §A§UBA$ION CURVE OF A SHUNT GENERATOR
Procedure:

1. Use a low-range ammeter, a high range voltmeter, and a high
resistance in the fiecld circuit. Do not use a field rheostat with a
current capacity less than the fizld current used.

2. Comect the generator for ssparate excitation and start it
as per instructions in #1 & #3-DC.

3. Befors closing the field switch racord the voltage due to
residual magnatism.

4. Turn in all of the field circuit rosistance, close the fizld
switch and read the fizld current, and corresponding armature voltage.

5. Ko2oping the spsod constant throughout the test, dacrease the
fisld resistanc? in about t2n steps, taking simultanzous readings of
field current and corresponding armature voltagss. Always bring the
magnetizing current up to the value; do not carry it above and then
redues it. If th2 spezd varies, corractions for voltags readings
should ba mada.

6. If you should unavoidably raducs tha current, it is necessary
to insert all ths rssistance, open and close the fisld switch, and
bring the current wp to the desired value again.

7. Aftver all the fisld resistance is out, insert it again in about
ton stops, taking readings as bsfors. This time approach the curront
value from onc high2r up and do not raisz it at any timz during the
descgnt. Your last reading should be the voltage due to residual megnetism.
Data:

Tabulateall observations on a gtaniard data shest.
Cirves:

Plot the saturation or magnstization curve on a stardard cwva

sheet, using volts as ordinates and field currents as abscissas.
Follow instructions given in the ganeral directions.

(c)



#3~DC‘ Procedure contd.

Questions:

Answers o0 guestions 1-7 inclusive should be apnroved bhefore
starting the test, the remainder to be answered in the final report.

1. What is meant by "characteristic curves® of a generator?
What are their functions?

2. What is the magnetization or saturation curve of a gensrator?
Nems two of its functions.

3. What is th2 internal characteristic or building-up curve
of a ganerator? Name its function.

4. What is meant by s31f- and separate excitation? Bv
ampere~-turns? By magnatic satwation? By magnoato-motive-force?t

5. Doss th? flux incrcase proportionatzly with th2 voltage?

6. If the spes=d varizs, how can the voltmetor readings be
corracted?

7. Suppose too great an incrsasz2 is made in the fisld currant
ard then it is roducad directly to the required valus, what effect is
producad on thz curv: and why? How would you attain the required value
without producing this 2ffoctl

¥ 8. Explain why ths crve first runs wp straight, then bends ovaer.

9. ZExplain why the curvzs cuts the vertical axis above the origin,
and the important b2aring this has on th> operation of sslf-sxcitaed
gensarators.

10. At what point on the curve should ths no-load voltage usually
com2? What is the eff:ct on the action of the gensrator of having it
lower? What is the eff:ct of having it higher?

11. Wkat is meant by hystarasis? How are its effects shown?

12. State two effects of tomperaturs risz on the voltazs of a

genarator. Which effsct is greater? Are they zdditive or subisractivas?

Explain.

(4)
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43-DC Procsdure contd.

Rafarences:
5. & T. pp. 3-6, 32-37.
Langsdnrf Art. 54, 59, 78-79.
Gray Art. 78-79, p. 371,
Smith pp. 41-53.
F. & E. pp. 384-386.
Foster p.336.
A.T.ELE, Definitions.
Std. Hdok. Definitions in Standardization Rules Section.
Pandesr pPp. 83, B4, 299.
Dawss Pp. 258-262.
Raransteff pR. 289-294.
R. & T. p. 77.

(o)
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#3-DC DATA SEEET
Station:
Magnetization Curve
GoiniUg Coning Down
Volts ;o Fld. R.P.M Volts Fld. R.P.M
Read | Correct Amp. *t ™' 'Read [Correct Amp. o e
2 $ ¢ # # # N
i
Approved:

(£)



Expt-#_ Title: | ; Date

iagram of Comnecticns: Sketch reatly wi*h pencil on a graph sheet the
Diag x4 P
‘ comections as a tually used in experiment.

Apnaratus; Note nams plats data of all machines used:

Station #

Name lleke T Yurbe v Tvpe Torm R
— ed
Volts | Armeres KW, H.,?. ; Freguency Spesd Phaga

Nots make, mumbor, etc., of all meters, inetrummnts, and
miscellanscus aquipman’ ussd.
Uetor| laxe | namber |Modol | Type | Rengs | Cepaciiy Remarks
- o* 4

Articls T Fumber eseription FFETRIs T Tuphar

(a)



; Expt- Titla L » 7 Date

Inspection: :-’I‘his should be made for every experiment performed, defects
o net2d and corrested whenaver gossib 2.

1. Is thers eufficisnt oil in the beacingsi_

2. Ar‘s the trushee vadly wern? Irxcorrsctly sat?

"z - Is commtator rough or pitted?

4. Dods armaturs twn sasily? o

‘5. Are all cormnsctions corract?

6. Ar> couplings or béltai connactions proporly mads?

7. Is machina claear of tools and forsign particlas? —

8. Hava your wiring inspac’t 3d and QK'd by inetruetor

9. Do cil rings turr and provide sufficiant lubrication after machina
-8 rurning?

10. Ars thors any def2cig, and any unusval nois:s in the mschine after
it is ruoning?

1l. Note her2 th2 maximwm end minimun currant ratings of all the field

rheostats you uwedd in the tasth.

¥o. | Msike Rasistancs Currant Rating
Oams Mnx. Kin.

[ :

Note defects hare: (Corract tham, if pessible)

(v) |
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£4-DC EXTERNAL & TOTAL CHARACTERISTICS OF A SHUNT GENERATOR
Procedure:

I. External Characteristic

1. Use & low-range ammeter in the fisld circuit, a high-range
ammeter in the line, and a high-range voltmeter.

2. Start the generator and bring the voltags up to rated value
as por instructions in #1 & #2-DC.

3. K23ping the spaad and the £i31d rosistance (not field current)
constant throughout the test, tako simultansous readings of the
terminal voltagz, lins currsnt, field curront, and spesd for zero
output and for increasing values of load. Try incrsasing the load
until the machine falls to goenerate.

II. Total Charactsristic

1. Use a low-rang® ammeter and voltmeter.

2. Determine the armatur> rasistance by the voltage-drop method

3. To the drop due to armature rosistance add one volt per brush
(total 2 volts) to account for brush contact drop and armature leads,
and calculate th3 valuas for the total charactsristic. See A.I.E.E.
Standardization Rules 440, 442-444, 454, 81S.

Data:

TPabulate all observations on a standard data shest.
Curves:

Plot the external and total characteristics on the same standard
curve shest, using external or terminal volts as ordinates and line
currents as abscissas for th2 extsrmnal characteristic, and total
volts as ordinates and total armaturs currsnis as abscissas for the

total characteristic. Follow instructions givan in the general
dirsctions. : '

Questions:

Answers to questions 1-8 inclusivz should be approved bvefore
starting the test, the remainder to be answared in the finagl ropors.

1. What is the external characteristic curvs of a shunt gsnerator?

(c)
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#-DC Quastions, contd.

2. What is the total characteristic curve of a shunt generator?

3. What causes the terminal voltage of a shunt generator to
decrease as its load is increased?

4, When 4o both the current and the terminal voltage rapnidly
decrease? Why? How doas this affact short-circuiting a shunt
generator?

5. Why should the field rasistance be kept constant during the
tast?

6. Why should the brushes b2 kspt stationary during the test? °

7. Give two raasons why the total characteristic departs from
a horizontal lins2. -

8. How is the sxternal characteristic affected by reducing the
armature conductors to onz-half tho original cross ssction? Why?

9. Explain why the voltage corresponding to a givan currant
cannot be corrsctad proportionally %o speszd.

Rafarences:
S. & T. Dp. 3-6, 38-40.
Langsdorf Art. 114-115.
Gray Art. 81-82, p. 372.
Smith pp. 76-82.
F. & E. p. 149.
Porder Pp. 147, 202.
Dawss Pp. 288-0295.

Karapetoff Pp. 299-303.

(4)



4.0 DATA SHEET
Station
- ‘External Characieristic
Line Fiz1ld Total Volts Speed
Amp. - Amp. Amp. Const.
# # i # i
|
!
Total Charactsristic
(caleulated)
Total Ext. Arm. Arm.RI Brush Total
T.M.7. Res. Drovs Con. Drop EM.F.
Amp. Yolts Ohres Volts Volts Yolts
.
i
Armaturs Resistance Armaturs Beslstance
(Lap Winding) | (Wavz Winding) o
A B [G/A [ D E=4c/me| [ Am | volts Fes.
Amp. | Volts Raos. No. True & # Ohros
# # Onms {Polas |Onms
: A
v
Approved:

(o)



Date

Txot.d - Title:

Diagram of Cormecticns: Sketch neatly witk vrencil on a graph sheet the

connections as actually used in experiment.

Apparatus: Note name plats data of all mackhines ueed:

Yams tizke Nuzher Type Torm B
Volts ! Arperas K.W. TH.P. | Frequency Spasd Phase
i
Instruments: Note make, waibar, ete., of all wetsrs, instrumonts, and
miscellansous equipmant usaed.
listar| iske | Numbar |Hodsl | Type | Hange | Copacisy Homerks |
i
SRR
Article | Mumber 3seription Articls | Thnker | Doseriziisn |

(a)



Expt.______ Title_ . Date

pection: This should he rmade for every experiment performed, defects
roted and corrected whensver possibla.

1. Is t‘neré sufficisnt o0il in tixe beasrings?

2.  Ars the brushee badly wern?_____ Incorrsctly seot?

'3‘ Ig ccmmtator rough or pitted?r

4. Doas!arr:ature turn sasily?

5. Are all connoctions corrsct?

8. Ar> couplings or ﬁaltai connactions provorly madet

7 Is machine clsar of tools and forsign particles?
8. Havo your wiring inspact:d and OE'd by instructoer

g. Do 0il rings turn and provide sufficiznt iudrication after machina
~is runnding?

13,  Arsz thers any dsf3c%e, and any unusuval noisse in ghe machine after
it is running?

o

11. Note hers th® maximm end mirimm currsn® ratings of all the field
rheostate you ug2d in the tasth. '

AT e gy A el
Na. | Yaxe Hzaslztance Curramy Bating
Onms » Mrx. Win.
i
— i

Nota dafocis hara: (Corract thsm, if possikle)

(v) |
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 #5.7C . ARMATURE CHARACTTRISTIC OF A SHUNT GENFRATOR
' ARMATURE RWACTION IN A SHJNT GENERATOR

Procedurs:

I. Armature Characteristic.

1.‘ Use a low~-range ammeter in the field eircuit, & high-range
ammeter in the line, and a high-range voltmeter.

2. Start the generator and bring the voltage up to rated value
as per instructions in #1 & #2-DC.

3. Keeping the'sgeed and the voltagze constant throughout the
test, take simultaneous rradings of the terminal voltag:, line current,
field current, and speed for zero output and for increasing values of
load.

II1. Armatur: Reaction:

1. Roepeat Part I, but with this differsnce. Uss separate excita-
tion for the field, allow the voltage to change, but k2ep the spesd
and the fisld currant constant throuzhout the test.

2. Determine ths armaturs riasistance by the voltage drop method
of #2-DC, calculate the total armature and “rush-contact RI drops, and
hancs, the voltages drops dus to armatur: raaction.

Data;
Tabulate all ohservations on a standard data sheet.
Curves:

On a standard curve sheet plot the armaturs characteristic curve,
using field currents as ordinates and line currants as abscissas.

On a second standard curve sh2st, plot four curvas, using lins
currents as abscissae in cach casz, and as ordinates:

(1) the ohssrved tarminal volts.

(2) the total volts dsveloped (terminal volts plus armature
and brush-contact RI drovs).

(3) the volts dus to a constani magnetomotive-force (a hori-

: zontal line at a value equal to th> no-load veltngs).

(4) ths voltage drops dus to armaturs reaction (the difference
in voltages betwesan curvas (3) and (2)).

Follow instructions given in thz gensral dirsctions.

()



45.DS - Procaedura contd.
Questions;

Aaswers to questions 1-5 inclusivs should we approved vefore
starting the test, the remainder to be answered in the final report.

1. What is the armature charactzaristic of a shunt generator?
That is its function?

2. "hat is meant by flat-compounding? Ry over-compounding?

3. How could you datermine the series turns raquirad for compound-
ing by means of added turns?

4. How would yoﬁ determinz the number of turns actually in the
shunt or s-riss winding by the uss of added turns?

5. Defins armaturs reactioh. How doas it aff ¢t the F.M.F.?

6. 1If the machine you tsstsd has 1200 shunt fisld turns per pole,
how many s2rizs turns per pols should »e aided 4o change it into a
flat-compounded ginsrator?

7. What causss ths slope of th2 armaturs characteristic to in-
craasd with inersas:d currants?

8. How would ths numbsr of turns raguirsd for 104 ovar-compound-
ing compars with th2 maher roguirsd for 587 Why? What additional
rsaiings would b2 nacassary to dsztarminz this?

Raferzncas:
S. & T. pp. 3-6, 40-41, 45-45, 49.
Langsdorf Art. 91, 93, 109, 1é2.
Gray Art. 72-77, 83, 92, 98.
Smith p. 54-62, 67-69, 105-109.
F. & E. Art, 77, 78, &vn.3. Art. 24,
S. & F. pp. 155-187,
A.I.ER.E. Definitions.
Std.Hdbk. Definitions in Standardization Rules Sz2ction
Paonder rp. 159-161, 118-136.
Dawes pp. 300-301, 267-276.

Karapstoff pp. 305, 318, 411-446.

(a)



-1 DATA SHEET
| Station
Armature Characteristic
Line Field ! Volts Speed
Amp. Amp. i Const. Const.
i ¢ # #
; i e |
]
{
L
) Armature Reaction
Fld.Amp.] Lins | Volts | Spsed Arm.RI ; Brush | Total Arm.
Const Arp. 4 Const Drop _Con.Drp. RI Reaction
$ # i _{{f_’_‘ . Volts : Volts | Drop '
; .
+
i ; - -
Armature Resistance o
(Lan Winding) o-
A B_1C=B/A | D | E=4C/D
Amp. jVolts | Ras. | No. | True -
Oims | Poles| Res.
#% Ohrs

b

Av.

(o)

Apnroved




Rxvi.d Title: ' Date

Diacram of Cormmecticns: Sketch neatly wish pencil on a graph sheet the
connections as atually used in experiment.

Avmaratus: Note nams plats data of all machines used:

‘Station #

| Name lioks Number Type Form B
R, oo u-]

Voits | fmmerss | K.%. 1 H.P. | Freguency ] _Speed Phasa

Instruments: XNoto make, mumbar, ete., of all meters, instrumonts, and

miscellansoue equipmant usad.
Hetor) Make | arbar |Hodsl | Type Rerga | Cepacliy | Romarks
1 .
e —
ArticIs | fumbsr | Dsceription Erticls T aEoer | Dascric

(a)



Exot. Title . | Date

Inspection: This should he mede for every experiment performsd, defects
noted and corrested whenever poseibls.

1. Is there sufficient oil in the bearings? _

2« Are the brusheeg bpadly wern? Incorractly s=t?
'3. Is coxmutator rough or pitted?r

4. Doas armatur? twun sasily?

5. Are all connoctions corrsct?

6. Ar> couplings or baitei connactions proporly mada?
7. Is machina clear of toole and forsign particias?
8. Hav> your wiring inspsct:d and (0XK'd by instructer

9. Do oil rings turn and provide sufficiznt Iudrication after machine
e running?

10. Ars thers any d»f2¢te, and any unusval noisze in cthe machine after
it is ruoming?

oo

11. Note hers ths meximm end mirimum currsn® ratings of all the field
rheostate you ussd in the tast. '

Maire Rasistancs Currant Ratirg
Onms Max. Min.

Nota defects hera:  (Corrsct them, if possihls)

(b)‘
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- fﬁ-DG’ §ATURATIQN CURVE OF A COMPOUND GENTRATOR
Procedure;

1. Tollow instructions 1-6 of #3-DC, Part I, bringing voltage
onlv uwp to the normal rated value. Keep the series field circuit open.

2. Use a high-range am:ster and a load-rhsostat in the series
field cirenit.

3. X=zening the maximum shunt fisld current ohtained in (1) constant,
closa the series field circuit and gradually decr=ase the risistance of
the loal rheostat, taking readings of the series field current, shunt
fi21ld currant, terminal e.m.f+ and spea2d for a rangs of currents up to
the full-load valu2® of the machins. If the e.m.f. falls with incroase
in ssries fisld currsnt, ravorss the seriss fizld connections. Obsarve
th> sams pricautions as in (1) about approaching the next value of am.f.
from ons bhalow.

4. Dacrsas2 the current in ths soriocs fi2ld, taking owsarvations
as in (3) ani approach valuss of 2.m.f. from highar valuas.

5. After reaching zero current in ths seriss field, open its circuit
and then procsad as in (7) of #3-DC, Part I.

6. Ths ratio batwzen the sariss and shunt turns is obtained as
follows: (a) Operating the genarator at normal spsed exzcite only the
seriss fi2ld bringing the armaturs terminal voltazs to a suitadbls valus.
Record the seriss fiald currant and th2 tarminal voltags. (b) Then
excite thz shunt fi:ld alons bringing ths armaturs terminal voltags to
the valus obtainzd in (a). Rzcord the rradings as hsfors. Take at
least thrae differant s3ts of readings in each cass.

- The turn ratio is then aqual to th2 shunt ficld current divided by
tha serizs fi2ld curr:nt which produczd the sam> voltags.

Thoe equival:ant shunt fisld valu:z of ths ssries field currant is
aqual to th2 product of ths ssriszs fisld current and ths turn ratic.
This squivalant valus should b3 added to the shunt fi2ld current to
ohtain the total magnstizing current.

Data:
Tabulats all obszrvations on o standard data shest.
Curvas:
© Plot th2 saturation or magnatization curvy on a standard curve

shest, using volts as ordinates and total magnstizing currcnts as
abscissas. TFollow instructions giv:n in the gsnsral dircctions.

(e)
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#8-DC Procedurs contd.

Answars to questions 1-3 inclusive should he approved Hefore
starting the test, the rsmaindse to %e answerszd in th2 final roport.

1. What is m3ant by squivalint shunt £isld valwus of the series
Tisld current? Waat constant should %e dotorminzd in crder to find

this curr>nt? Txplain in dstail how %o obtain it.

2. Cogmar: th: currant ratings and risistanc? of th: rhoostat
us3d in the shunt fi214d circult with that used in the sarizs fizld
circuit. ; .

3. Could the serizs £i:1d b2 excitsd from a low-potential source
in this t2st? Siate any advantazes in doing so,

4. How can th? valu: of currant in th» soriss winding b3 regulated
undar normal running conditions without changing thz load? If so
razulatad, how might you datarmina its valuo?

5. How can the valu: of current in ths shunt winding be regulatsd?

6. ™nat happins whan loaiing 2 compound genorator if the sorics
wirding is rovors:d with raspsct to ths shunt winding?

7. What is th2 alwntags of a commound ginarator? What is ths
funetion of tha shunt winding? O0f ths sariocs winding?

8. What {32t would 2 short-circuit on a compound ganerator
produce compar:d with that on a shunt gonsrator?

Rzfar3ness;
S. & T. pp. 3-8, 45-47, 49-52.
Langsdoxrf Art. 53-55, 58-5%, 78-79.
Gray Art. 78-79, »n. 371.
Smith »p. 41-53.
F. &7, pn. 80, 384.
Pandar »o. 83, 171.
Dawszs pp. 258, 295.
Xarap:toff p. 313,
R. & T, p. 88.

(4)



28

#4510 DATA SHEXT
B v Station
» Saturation or Magnetization Curve
Volts Ser.Fld. Eq.Sht. Sht.Fld Total
Read (Correct Anmp. Amp. Amp. Magnet Speed
: # # Amm. Const.
# A B=AK c D=B +C #
Ratio Data ‘
Volts Sht.Fl4. Ser.TFld. Snead
Amp. Amp. Ratio Const.
# # i #
E 7 K=%/F
AV
Aporoved

(e)




Expt.#

Title:

Date

Diagram of Counnectisng: Sketch neatly with pencil on a graph sheet the

connections as aztually used in expsriment.

Apoaratus; Note name plats data of all machines ussd:

Station #

Name , B.iake Number Type Form B

Volts | Amperes X.W. H.P. Frequency Spaad Phass |
Instruments: Notd maks, mumbar, ete., of all meters, instrumants, and

xiscellanzous esquipmsnt usad.
Hator| Hay Wambar | Modal Tyoe | Renge Cepacity Remarks
R U [
Articls Humbar ascription Articds

(a)



 Expt+

Titla B Date

Insnection: This should be made for every experiment performed, defects

not2d and corrected whensver poseibvla.

Is there sufficient o0il in tha> bearings?

Are ths bfushee badly worn? Incorractly s=2t?
Is commtator rough or pitted?

Doas armatur? turn 28sily?

Are all connactions corrsct?

Ar3 couplings or baitei connactions proparly mads?

Is machinas clsar of toole and forsign particlss?

Hav> your wiring inspactad and OK'd by instructor

Dc oll rings turn and provide sufficizant Iudrication after machina
© 38 running?

Ars thore any daf2cte, and any unusval noiszz in the machine after
it is ruoning? _—

Note hers ths maximm and minimu currint raiings of all the field
rhecstats you usad in the tast.

¥a. Meaicn B2zistance | Currant Rating
Onms Max. % 1fin.

SR

Note defects hera:  (Corrasct them, if possibls)

®
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| - #7-DC EXTERNAL & TOTAL CHARACTTRISTICS OF A
. COAPO“\D CINERATCOR

Procedure:

1. Compound or External Characteristic.

1. Use a low-range ammeter in the field circuit, a high-range
ammeter in the line, and a high-range voltmster.

2. Start the gsnerator and wring the voltage up to rated value
as per instructions in #1 & #2-DC.

3. Applv a load and note if the e.m.f. rises, remains constant,
or falls. If it falls with load increase, remove the load, open the
shunt fi=2ld circuit and reverse the series field connsction at its ter-
minals. ’

4. Xo2ping the speasd and the shunt fizld resistance constant
throughout the t2st, taks simultansous r-adings of terminal s.m.f.,
lins currsnt, shunt fisld current, and spzsd for zero output and for a
soriszs of valuzs of currant output ranging from no-load to full-load value.

II. Total Charzctaristic.

1. Dstermine the armaturs ani sariss fisld riasistance by the
voltaga~-drop mathod of #2-DC, calculats the total armature and hrush-
contact FI ¢rop, and hencs, ths total charactsristic values.

Datas
Tabulats all obsservations on a standard data shaast.
Curvas:

Plot the 2xternal and total charactaristic curvis on the same
standard curva shee%, using tarminal volts as ordinates and line
currents as abscissaz for th2 exisrnal charactaristic, and total
volts as ordinates and total armaturc currsnts as abscissas for tho
total charactaristic. Follow instructions given in the gensral
dirzctions.

Questions:

Answzrs to qusstions 1-4 inclusiv: should be apwrovad hafors
starting the test, ths remaindsr to be answered in tha final raport.

1. Explain th3s difference b3twasn long shunt and short shunt
ccnnﬂctions u31ng dizgrams.

(c)



30
- #7-DC Questions contd.

2. What is wrohg with a compound generator, if the voltage
decreases rapidly as the load incrsases? What must be done to remedy
tais?

3. If the voltage is found to risz considsrably with load in-
crsase how can it be remedied?

4. Explain the actions of shunt and series coils in producing
the compound characteristic.

5. What would be an idsal "flat"-compound characteristic? How
will the actual "flat" compound characteristic differ from the ideal
and why?

6. Under what circumstances might a rising characteristic be
raquirsad? What is a machins giving such a characteristic called?

7. What would be tho affect on the characteristic of a flat-
compound mackine if it wers onaratad

(a) with no-load voltage normal and speasd 90% normal?

(») with no-load voltage 90% normal and sn:ﬂd normal?

(e¢) with both no-load voltage and spead 90% normal?

(4) with no-lcad voltaz> normal and sp32d 11q% normal?

(2) with no-load voltags 110% normal and spesd normal?

(£f) with both no-loai voltaze and spesd 110% normal?

8. Compare ths effects of long and short-shunt connactions on
thz axt3rnal & total characteristics of a given machine.

Raferances:
S. & T, pp. 3-6, 45-50.
Langsdorf Art. B35, 118-119.
Smith pn. 99-106.
. & E. pr. 47, 48, 407.
Pander pp. &7, 152, 171, l76.
Dawes pp. 295-30C1.
Karapztoff pp. 313-319.
R. & T. po. 88-93.

(d)



'DATA SHIWET
Station
External Creractaristic
Line Fisld Term. Speed
Arp. Amp. Volts Const.
; i #
Total Characteristics (Calculated)
Line | Series| Se.Fld. [Sh.F1d. | Total jArm.| Arm. |[Brush |Total [Tern.|Total
Amp. | Fld. | RI Drop| -Amp. Arm. jRes. {RI Drop |Cm.Drp.RI Dp.
# Res. | Volts M Amp. | Ohms |[Volts Volts {Velts |Volts [Velts
A B C:=A73 D E=&+D | F G=FF H 1IsG4H! X JL=I4K |
- :
.. {
Armature Resistance
(Lap Winding)
yy B G=R /A i) 5=4G/D° |
Amp. Volts Res. No. True Res.
& # Onms Poles Ohrs
Armature Resistance Series Fisld ’
, (Wave Winding) Resissance 5
Amp. Volt Res. Amp. Volts Res. |
¢ $ __ Ohms i # Dhus
AV. Av.:; !
(e) Lopproved




Expb.4______ Title: . Date

Diagram of Cormecticons: Sketch neatly with pencil on a graph sheet the
: connections as a ctually used in experiment.

~ n . 7 e y 17 3 ¥ .
Apnaratus: Note name platz data of all machines used:

Station #

Name | 1lleks Numher Type F'orm B
Volts | Amperas | KeW. H.p. | Frequency Spand Phass |
Ingtruments: XNot2 maks, mumbar, etc., of all meters, instrumsnts, and
miscellavzous squipmant usad.
Hetar; Make Narbar | Modsl Type Renga Capacity Remarks

ot g ot

Articis Tumbar Dascription Artiels ™7 Thbor

(a)



Expt.

. Titla ' Date

Inspection: This should be made for every experiment performed, defects

7.

9.

10.

11.

noted and corrected whensver possibls.

Is thers sufficlent oil in the bearings?

Ars the brusheg badly worn? Incorrsctly sat?

Is cemmmtator rough or pitted?

Doas’ armatur? twn sasily?

Are all commoctions corrsct?

Ar: couplings or b3l4:34 connactions proporly madst
Is machine clear of tools and foraign particlas?

Eav: your wiring inspactad and OK'd by instructor

Do oil rings turn and provide sufficisnt lubrication aftsr machine
~is running? '

Ara there any dafichg, and any unusuzl noiese in ¢he machine after
it is running?

-

Note hers ths maximm end mirnimum currsn® ratings of all the field
rheostats you ug2d in the tast. ’

No. | Make Rasistence Currant Rating
| Shos Hex. #in.

' Note dafects hara:  (Corrsct tkham, if possibla)

®

LTSS P PR A



A f3~DC o ABMATURE REACTICN’IN A COMPOUND GENTRATOR
Procsdure:

1. This test should be made on the same generator used in #6-DC*.
Use a low-rangs ammeter in the fisld ecireuit, a high-range ammster
in ths line, and a high-rangs volimiter across the armature terminals.

3. Start ths gensrator as per instructions in #1 & #2-DC, adjust
the spe2d to ths value usad in #6-DC* and bring up the armaturo
torminal voltags until it aquals thke no-load (shunt fisld) value of

3. Anply a load and chack the seriss field connactions.

4, X=aping the speed and the fisld current constant throughout
the tost, taks simultancous rradings of the armature torminal voltage,
lirn2 currant, £isld currant, and spead 20ro output and for increasing
values of load.

5. Datarminz the armature resistance by the voltage-drop method
of #2-DC, calculats tha total armaturs and brush-contact RI drops, and
hance, the voltag: drops dus to armaturc rsaction.

Data:
Tabulate all ohssrvations on a standard data shees.
Curves:

On a standard curve sheet plot four curves, using line currents as
ahscissae in sach cass, and as ordinates: '

(1) +the obssrved armature terminal volts.

(2) the total volts develonel (armaturs terminal volts plus
armatur=s and brush-contact RI drops).

(3) ths saturation curvs voltages obtainedi in #6-DC dus to the
serizs fisld.*

(4) the voltazs 4recns due to armature reaction (the voltage
differasnces hatwain curves (3) and (2).

Follow ilnstructions given in the gensral diraciions.

Questions:

Answars to quastions 1-2 inclusive should b3 aporoved hafors
starting the tast, th2 remainder to %2 answerced in the final repors.

1. Defins armatur: rzaction. XExplain the crosse-magnotizing >ffoct;
tha dsmagnetizing offact.

* In case the zonerator uszd in #6-DC is not availahle the part of
#6-DC nzcsssary to givs the raguirad data should ba repeated.

(e)



“#0.1C Quastions contd.

2. Explain th> function of ths armature reaction curvs. Doscriha
briefly th> m:3thod of obtaining it.

3. Explain tha effact of armatur: r2action on comrutation.
4. Hew can its effect be ovsrcoms on non-intsorpole machines?

5. How do intervoles affect the armature reaction?

References:
5. & T. pp. 3-6, 40-41, 54-56.
Langsdorf Art. 90-102, 162-163.
Gray pp. 65, 67-69, 162-163.
Smith pp. 54-63.
F. & E. pp. 151-164.
Pender pp. 77, 116-144.
Dawes Pp. 287-276.

Rarapetoff pp. 441-446

(a)



Aﬁ@-DC

DATA SEERT
Staticn:
e ~ — Armature Reaction
'Fld. | Speed | Arm. |Line !Arm | Amm | Brush Total f Arm.
'mp ' Const.j Term. : Amp. Res. RI Drop | Contact | RI Drop fiReaction
# e HVolts & Ohms | Volts volts Volts | Volts
A B =438 D E=C+D
|
Armature Resistance
(Lap Wirding) ]
A 3 C=8/4 D T=AC/D°
Arp. | Volis Res. No. True Res.
# il Ohms Poles Ohms
Av.
Armaturs Resistance
(Wavs Vindingz)
Amp. Volts i Ros.
# Qhms
N AV.‘ i
Approved

(o)




Expt.#

Title:

Date

Diagram of Cormections: Sketch neatly with pencil on a graph sheet ths
: connections as actually used in experiment.

Apparatus: Note name plats data of all machines used:

Station #

Name Maks Nusher Tvpe Form ]
Volts | Arperes | K.W. H.p. | Freguency Spaad Phags
Instruments: Nots maks, mumbar, ete., of all meters, inetrummnts, and

ziscellanccus squicmant usad.

Uetar, Make | Nuxber |Model | Type | Range Capacity Remarks

i

- e

e ByRE— l

- -

Articls | fumbar 3scription EFE3els T Thmier |

NS

;

O S

! : t

i ! o

(a)



‘Expt.

Title | , | , Date

Inspection: This should he mzde for every axperiwont performed, defects
VST ] it

10.

11.

notrd ard corrected whense
Is there sufficisnt oil in tﬁe veasings?
Ars the brusisee bedly wern? Ircorrsctly so2t?
Ig commutator rouwgh or pitvted?
Doas arratur? twn zasily?
Are all conncctlons eorrsct?
Ar> couplings or b%ltsi connactions proparly made?
Is machina clesar of touls and forsign particles?_

Hevs your wiring insp2ctad and OK'd by instrueter

Do 011 rings *urn ard nrovide sufficiont lubriceticn after machina
S FA lLuli& Ry ?

Ars thors any dof3ots, and sny unusvel noisss in the machine after
it is ruoming?

Note hers ths mazimm end miriimwm currsn® ratings of all the field
rheostazs vou ua3zd in the fzsi.

Na. i Make Curromt Rating
o Hex. K.

Nota de ects hers:  (Corract them, if possihla)

®

s ot
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fo-pc - SPEED REGULATION OF A SHUNT MOTOR

Procedure!

1. Use a low-range ammster in the field circuit, a high-range
ammeter in the armaturse circuit, and a hizh-range voltmater across the
armature terminals.

2. tart the motor by closing the line switch, graduwally in-
serting the platzs of the water rheostat, and after the motor is up to
spe2d, short circuiting the water rheostat.

3. Adjust the position of the brushes to the neutral point, and
take simultansous readings of the fisld current, armature current,
armature voltage, and spead, for zoro output end for increasing outputs
up to a valus corrasponding to the rated full-load currsnt input of the
motor.

4. At no-load, shift ths brushes a short distance to and fro about
ths commutator, noting the variations in spsad. Do not permit excessive

sparking.

5. At no-load and with brushss in the nsutral position, i:creass
the resistance in tae field rhiostat and note the changes in spssd for
a2 szriss of valuzs of fi=ld currnt. Do not parmit the speed to bacome
excessive.

6. At no-load, vary the e.m.f. at the armature terminals by means
of a variable resistance in the armaturs circuit and note the speed
for a series of values of armature voltage.

7. Determine the armature resistance by the voltage drop méthod
of #2~DC, calculate the total armature and brush-contact RI drops, and,
hence, the counter s.m.fs. of the motor.

Datas

Tabulate all observations on a standard data sheet.

Curves:

Plot four curves on a standard shsaet, batwaen:
(1) sapeeds as ordinates and armatur:z currents as avscissze.

(2) n " " n 1 volts " 1
(3) n " " " fisld currents n n
(4) evm.fs. as v " armaturse curronts " "

Follow instructions givan in the gensral directions.

(e)
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#9..0C Proczdurs conid.
Questions:

Aneware to questions 1-4 inclusive should be apnroved »efore
starting the test, the remainder to be answered in the final report.

1. What is the function of a starting box? The over-load release?
The no-voltags rslease? :

2. What factor aids the starting resistance as soon as the
armature bagins turning?

3. State two methods for reversing the direction of rotation of
a shunt metor.

4, Why should the fisld rhsostat be cut out before starting a
motor? Will a shunt motor start without a fisld curr¥snt? What happens
if the field circuit is opsned when the motor is running light? Whon
loadsd? Why? 1Is it good practice to placs a switch in a motor field
circuit? Why?

5. Doafine the speed regulation of a motor.

6. Discuss the effact of line resistance upon the spsad regulation.

7. How will hsating affact ths spezd of a shunt motor? State two
affects. Which is greater? Are they additiva or subtractive? Ezxplain
fully.

- 8. What other method of speed control is used besides those you
studied?

9. Give two reasons why ths speed of a motor changes when the brushes
are shifted.

10. What effect has armature reaction on the speed of a motoer?

11. What is th3 countsr s.m.f. of a motor? Explain its pro duction
and show how it antomatically adjusts the current to thz powsr demand.

12. Why will a motor spark hadly with a w3ak fi2ld and heavy armature
current? What ram2diss have been davissd?

(d)



£3.00 Procedurse contd.

Ref=1ences:

S. &7T. : pp. 3-6, 59-70.

Langsdorf Ars. 127, 129, 132-134.

Gray po. B80-83, 87, 91, 105-121, 371.

Smith »p. 112-133.

P, & Art. ba-Ba.

Franklin »p. 19-22, 32-35.

S. & F. pp. 106-111, 208-219.

Morecroft pp. 32-39, 45-52.

A.I.T.E. Definitions

Std. Hdnk. Definitions in Standardization Rulss Saction.
Pender pp. 202, 222, 293. :
Dawes Pr. 339-343.

Rarapstoff pp. 347-359, 699-715.

R. & T. p. 107,

(e)
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#9-0¢ ' ' DATA SHERT

Station

- Iffect of Loading
Total [Line |[Watts [Arm. | Arm | Brush !Total |[Counter
Line [Volts | Input Res. RI Drap| Can.Dp|RI Irop [E.M.F.
# |Amp. |# Obms | Volts | Volts ;Volts [Volts #

Speed

=
P
a%
e
8

| B
i

{1

3B (;:A«&B D IE=CD I F G=BF i I=G+H =K

Armature Resistance

(Lap Windi
A B C=B/A D E=4C/D°
b;&rnp. Volts Res. No. True Res,

Ohms Poles Ohms
— — - — — o S mes L

AV,

Armature Resistance Effect of Brush Shifting*

{(Wave Winding) Spesds #
Amp. Volts Ras. With Rot- Neutral Against

# ¥ Ohms ation. Rotation

AV}

Effect of Changing Effect of Changing

Field Flux#* Impressed
Armature Voltage

Fld. Amp Speed , Arm.Volts| Speed
# # # i

* Do not parmit excessive sparking

*k non 1 f spead.
' (£) Approved,



Expt. 4 © Title: ' , ____Date

Diagram of Cornecticnsg: Sketrh nesutly witk vencil on a granh sheet the

1.
L
ng ac a tueily used in expsriment.

Statioan ¥

Mams - leke ! Nurber Tvpe Yorm
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KW q1.7. Tregnency Sprnd Phasgns
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¥
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e 4 s . .
T
I o

Ianetruments, Hots make, numbsr, ete., of all meters, inetrumants, and

*
g d gy T e oy P -
misgellinneons equipmsnt usad.

i

£ L oy k ‘«,* < . n - i - H K
Ustor, lake Fwdar | Hadsl Type Aenge Capaciuy Remarks
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Articls | Thumbar T Daseription Articls 7 Twikor | Dsseriniisa
i
A
o e
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ki
ey
i oron e bt s e )

(a)



‘ﬁth,__________,_mitlQ - v _____Date
Inspection: This should bev made for every e?cperiment performed, defects
/ noted and corrected whensver poseibls.

1. Is thoers sufficient o0il in the bearings?

2. Are the trushes badly worn? Incorractly sat?
_3. Is commtator rough or pitted?

4. Doas armaturs turn 238sily?

5. Are 5,11 connactions corract?

B. Arz couplings or b3lted conniactions properly madet

7. Is machine claar of toole and forsign particiss?

8. Hav2 your wiring inspsctsd and 0F'd by instractsr

9. Do oil rings tuvrn and provide sufficient iubrication after mechine
{s ruaning?

10. Arz thers any deficts, and any wmsual nois:z in the machine after
it iz ruoning?

11. Note here ths naximm and minimum currant ratings of all the field
rhagstats you uszd in the fasi.

No. | Make Essigtance Cuwrrsnt Ratiog

Unzs vax. . i

’

Note Aefzcts here:  (Corrsct them, if possitla)

®
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#10-DC ZFFICIENCY OF A SHUNT MOTOR BY THE
STRAY POWER LIETHOD

Procedurs:

1. Uss a low-range ammzter in the fisld circuit, a high-range
ammater in ths armaturs circuit, and a high-range voltmeter.

2. Start the motor as in #9-DC and take simultaneous readings of
the speed, line voltage, field current and armature current for zero
output and for increasing outputs up to a value corresponding to the
ratel full-load current input.

3. Run the motor without load at the speed and field current values
corresponding to thoss obtained under (2), and take simultansous readings
of speed, armature curront, field current, lins voltage and armature
terminal voltage. Speed adjustment is obtained by means of the water
rheostat in th2 armature circuit. ¥Fisld curront is adjusted with the
fiz21d rhsostat.

4. Determine the armatur2 rasistance by the voltage drop method
of #2-DC, and honce, calculats the armature copper lossos.

Data:
Tgbulata all obsarvations on a standard data shoot.
Curvas:

On a standard curvs sheszt plot nine (9) curves uwsing watts output as
abscissaz and as ordinatas:

(1) watts lost in the motor field.

(2) watte lost in thz fizld plus watts lost in stray power.

(3) watts fisld loss plus watts stray powsr plus armaturs watts
loss. ‘

(4) watts input (total losses plus output)

(5) speed.

(6) percent efficiency.

(7) percent efficisncy plus percent of imput lost in stray powsr.

(8) psarcent efficiancy plus poereant stray power plus percent

input lost in the armaturs. :

(9) psrcent efficisnecy plus percant siray powsr plus porcant

armature loss plus psrcent £isld loss.

Indicate the various losszs in each casa.
Follow instructions given in the gsnaral diroctions.

(e)
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#10.DC Procsiurs contd.

Questions:

Answers to guestions 1-3 inclusivs: sihould me apnroved hefore
starting the test, the remainder to we answerei in the final renort.

1. Give three expressions for %ihs comrercial efficiency of a
dyname in terms of watts input, watts output arnd watts lost.

2. Give a tabular classification of all sources of loss ina
drmanoc. Indicate whathar they ar: constant or howv dependsnt upon
speel or load, in the casz c¢f a shant motor.

3. Waat losses ars included undsr stray power? Ars thess con-
gtant for all loads and spseds? Way?

4. Way is tho method usad in this tost particularly usoful for
very largs shunt machines?

5. 1Ia the cass of a machine having 80% cfficisncy, what error
in detarmining tho lcsses would give %% grror in the sfficioncvi
What with 9C%F efficiency?

6. At what tempsraturs should officisner b2 caleulatad?

Rsfarences:

Sn & T- va 3"’6, 74“80.

Langsdcrt Art. 170-180.
Gray Art. 105-1i2.
Smith Chap. X & XI
F. & E. on. 127-132, 138-143.
8. & F. pp. 258-283.
AIEGE, 420-4585.
Std. Hdbk. Ssc. 24, 420-453.
Morzcrofi »p. 53--59.
Karapstoff pp. 391-419.
Pander pT. 2, 2381-287.
Dawas vp. 343-35%.

. - B & T. pe. 141-148.



- #10-DC

41

(e)

DATA SHERT Station
Motor Rurning Under Load
A 1 B c D E 7 G it i
Line Fld. Arm. | Total Arm, | Brush Watts | Watls
R.P.MJ Volts Amp. Amp. | Amp. Ras. |Con.Drp.; Lost Lost
¥ 1 # L & ! Ohms ! Volts m | Field
¢ D FD%-GD BC
J X L i X ; ©0 | P T Q@ 1 R
Stray | Total | Watts | Watts 4 "1 4 Input: % Input| SLost [Total %
Power | Losses | Input |[Output ; Eff. [Lost In i{Lost In| In Stra;lnput
Loss Watts i Arm. Fid. Power | =100 |
H+I+J BE L-K __ {100M/L 100H/L 100 1/L 1100 J/L[N+0+P+Q
! s j
Moitor Running Light
A C 1S T U T G v w X Y J
Fld.jArm. {Line {Arm. jArm. Brush|Watts Tatts {Total [Total |Stray
R.P.M.Amp.@mp. Volts|Volts|Rss. Drop {Lost [{iost |Copper|Watts {Power
& # # 4 Ohms | VoltslArm. [F1d. |Lossss|Input Loss
FS4.GS| CT V+W jCT4+8U IY-X
r —
Armature Resistance Ermasurs Resistarcs !
(Lep Winding ... {Waye Wirding}
A B C=B/A D | E=40/D° P Amp. Volts | Res.
Amp. | Volts Res. Wo. |Trus Res.| | # & | Ohes |
# # Ohms Poles Ohing =
j
i {
AV e ; “{;
X7 I
Approved




Date

Cormnections: Skebtch neatly with pencil on a graph sheet the

Apparsatus:

e
cerneliions as

a tunlly used in experiment.

all machines used:

| Ham llaks i Number Type Torm
. T T i ]

Volts | Armeroes EW. | Fregquency | Spaoed Phasa
i
!

Irnstruaments:

Note wmaks, nuwbar, stc., of all metars, instoumonts, and
plscelilancous squipmsnt wsed.

Metar| Maks | Nuxbar | Modol Type Ranga Capacity | Romarks
: 2
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Expt; Title Date

Inspection: This should be made for every experiment performed, defects
noted and corrected whensver possibvla.

1. TIs there sufficient oil in the bearings?_

2s Are'the brucshss badly worn? Incorrectly sat?
2. . 1Is commutator’réugh,er pitted?

4. Doas armatur? turn aasily?

5. Ars all comnsctions corrsct?

6. Ar2 couplings or bslt2d connactions proporly made?
7. Is machina clear of toole end foreign particlies? —_

8. Havo your wiring inspactsd and OK'd by instructor

8. Do oil rings turn and provids sufficiant Iubrication after mochina
48 ruming? :

S ]

10. Ars thers any daf:cts, and any unusual noisis In the machine after
it is ruoming?

ot

1l. YNots hers ths maximm and minimun currant ratings of all the field
rheostats you us2d in the bash.

No. | Make Rasistance Curr2nt Rating
Chms Vax. in.

Note dafzcts hars: (Correct tham, if possibla)

®
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#.1-DC - SPETD REGULATION C"‘_A CCPOUND OTOR

Procedurs:

1. Use a low-rang> ammeter in tha fisld circuit, a high~range
amreter in the armature circult, and a nigh-rangs voltreter.

2. Start ths motor with the s3riss fisld discornectad and ammeters
short-circuited. After it is up %0 sp3sd clos:s +the saries fizld switch
first, then opan the switch in the siun® around the s»rizs field.

3. Keeping the apnlind voltags constant, take simultancous raadlngs
of fizld currant, armaturs current, line voltage and speed, for zero
output and for 1ncr=asiug outputs wp to a value corresncnding to the
rat2d full-load current imput. If the spesd of the motor remains constant
or incrzascs with load increas:, the motor is connsctad differentially,
otharwiss it is comn2cted cumulativaly.

4. Ropeat (3) aft:r revorsing ths soriss fi21d commections.
Data:

Tabulat> all chservations on a standard data sheat.
Curves:

Plot curves on the same standard sheot batween watts input as
avscissae and spsads as ordinates for bota the diffsrontial and the

cunulative cormsctions. Follow imstructions givan in the general
diractions. ,

Questions:

. Answers to quistions 1-3 inclusivs should »e approvad bafors stari-
ing ths test, the romainder to be answarad in ths final renort.

1. State and explain ths differance in tas starting characteristics
of a differential compound and a cumulativ: compound moter. What con
bs done to improve th: starting charactoristic of ths former?

2. Power is applizd to the pullay of a cwmlasiv: compound motor

until it is driven abovs normal no-load spsid. Doss it opsrats as o
curulative ga2nsratort Why?

3. State some of the applications of cumlative and differontisl
motors.

(e)



#11.DC Questions contd.

4. Why does the differential motor spark on overload and the
cumilative motor as a rule not spark?

B. ®xplain any difficultiss sncountered in the operation of the
differential motor. Also state and explain the remedy.

8., Can a constant sp=224 for all loads 1> maintained by differantial
compougding? Why?

7. Cglculate the parcent spead regulation from your data.

8. How c0ald the number of sariss turns necasssary %o *1ve Z3r0
spsad rﬂgulatioq b3 obtained cxperimentally?

Referances:
S. &T7T. pp. 3-8, 81-82.
Langsdor?f Art. 131-133.
Gray Art. 104,
Smith pp. 154-150.
F. & . Art. 80.
Se & F. pp. 238-239.
Karanstoff pp. 374-377.
Pander op- 59, 199, 212-214, 202, 222, 293.
Dawas p. 328.

(a)



#11-DC : DATA SHEET

Station:
Differential lMotor Spesd Regulation
Fid., | Amm. Total | Line Watts | Speed
Amp. Amp. Line Volis Input ,
$ $ _1#
LA B C=A:sE D E=CD

Cumulative Motor Smeed Regulation
Fld Arm. Total Line Watts
Amy. Amp. Line Volts Speed |
i # Amp. & Input #
B C=AiE D E=CD

Approved:

(o)



Exvt.4 Titla: Date

Diazgram of Cormecticns: OSketeh neatly wish rencil on a granh shset the
cenmectioneg as a tunlly used in experiment.

Lpnaraius: Nots name plats data of all rmachines used:

| Tems | loko ! Nurber ™me Form ]
L. S -

— —— -
- - i [ e LI I
| Vnlts W, 7o, Treguency Sprad ! Phase

e - - ...“f, e — B R = -

+
— ! —
1
Inetromeata; Nots maks, nunber, etc., of all meters, instrumonts, and
mi c%lw“}ma %Quinmnu usad, o
, S , f :
detar dake 1 MNumber | Model | Type | Renge | Capacity Remarks
s v e
AriCTa | Tumbar | Dascription Ertiela ;;‘.j,?‘i"ur A
i
-
b

(a)



Expt.

Title , Date

Inspection: This should be made for every experimont performed, defects

1.

2%

Nots dsfects hsrs:  (Corract tham, if

roted and corrected whensver poseibla.
Is thers sufficisnt 0il in the Dearings? _
Are tha brushes badly worn? Incorrsctly s2t?
Is commtator rough or pitted?__
Doas armatur? twn 3asiiy?
Are all connections corrsct?
Ar: couplings or b3lt2d connactions properly madaet -
Is machina clear of toole and forecign particles?
Eavs your wiring inspactad and OK'd by instructoer

Do oil rings turn and provide sufficisnt ludricaticn aftsr machina
“de running?

Ars thore any dsf3cte, and sny unusuvel neisse in the machine after
% is ruoming?

o

Note hers ths maximm end minimm currsn® ratings of all the field
rhegatats you ug3d in the tas4. ’ :

¥a2. | Make Rasistance Current Rating
Onrs Max. in.

135ihle)

[
4
103

(») |
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#12-nC OPERATION OF SHUNT GFNTRATORS IN PARAILEL

Procedure:

1. Use low-range ammeters in the fisld circuits, high-range
armetéers in the lines, and a high-range voltmeter.

‘2. Bring each generator wp to its proper speed, all line and
field switches being open, and ammeters short-circuited.

3. Closs the field switches and adjust the field rheostats
of the gsnsrator wntil the voltaze of each is equal to its normal
rated valua. :

4. With the voltmeter, chsck the polarities of switches S and S,.
If theso are corract, proceed with (5), otherwiss corract the
polarity by making the proper changes in commections, '

5. Close switchas Sy and L and apnly normal load to genoreor #1.

6. Check polaritiss of the hus bars and goncrator #2, and
adjust ths voltage of gonsrator #2 until it is aqual to that of the
bus bars.

7. Close switch Sp4- and nots tho voltage across the open switch
Sy-.  If tho voltmetor reads zero, or vory nearly so, switch So- may be
c%osed and th3 two machinss ar> parallelad.

8. Adjust thz fisld rheostats of hoth genarators, inserting
rosistance in #1 fizld circuit, and taking it out of #2 circuit, keaping
ths bus-bar voltags constant, and at tho sams time shifting part of the
load from gansrator #1 to gensrator #2, until they divide the load in
pronortion to their ratad outputs. This will be indicated by the
rzspective ammeters.

9., sShift all the load from generator #1 to generator #2 by fisld
rheostat adjustment as in (8), than open switches Sl. Repeat the
operation of paralleling several times. :

10. Parallel the gensrators, then decrease the field strength of
generator #1 until it is seen to he operating as a motor taking power
from generator #2. This will be the case when its ammeter indicatas
in a negativs sense.

11. Adjust the field rheostats until generator #1 takes all the
load and generator #2 runs as a motor.

12. With no-load on either generator, connect them in parallasl,
and keeping the gpeads of sach constant, increase the currsent in uniform
steps, until full load for the two machinos is obtained., Xaep the e.m.f.
of the system constant, and currsnt equally dividad hetwien the two
machines. Racord the data. ‘

()
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Tahulate all ohsarvations on 2 standard data sheet.

Questicons:
Answars o qa°st10 18 1-68 inclusiva should "2 approved befors start-
ing th2 tast, th? ramainder to bhe answored in tha final report.

1. Way ar2: gonerators oparatsd in parallszl?

2. With a load2d shunt ganserator and an unload:d ons, give full
dirzctions for putting the lattsr in parallsl with the former, and
cousing thom to shars th2 lead as dzeirad, without changing ths voltage
of the lcad.

3. Giva dirsctions for removing a loadad zensrator from par-allal
operation with othores.

4. Vhat will occur if the fiald current of a machine running in
parallal is r2ducad beyond the point whor: it takes zero load. Explain.

. What will occur if th e pos itive torminal of one generator is
connactad o tul nsgativae tornm l »f tha other?

6. What will occur if a field circuit is opened whils +ha machina
is in parallel with othsars?

7. What must ove trus of ths characteristics of two shunt generators
in order that thay will automatically shars all loads equally when
parallalad?

8. Wnat must H2 truz of the characteristic of gensrators of un-

equal capacitiss in ordar that thiy will automatically shar: all londs
pronortionally?

(&)
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}12-2C Quasticns contd.

.

9. If a pair of shuat ginay

ators do not proporly shors the load,
wnat must be dons to cns of ths gone

rators, and to which cno?

. pr. 3-8, 94-98.
Langsdorf Art. 122.

Gray - Art. 191-197.
Smith »p. 109-110.

. & E. Art. 85, 87.
S. & 7. P 304,
Frarklin Pp. - 123-195.
Pondar »n, 185.
Dares p. 272.
XKarapatoff p. 325.
R. & 7. ». 94.

(e)



$#12-DC DATA SHERT
Station
Gonsrat e #1
A B C ! D ) ¥
B.M.F. mxt. Fld. 7 Avr., Spesd X.%.
Amp ., Arp. i Arp. Cutput
* vl i L 2+C ¢ 43
]
|
Genarator 2 Totals
Ext. Tld. Arm. Speed K.W. Load K.W.
Amp. A, Arp. _ Output Amp. Output
4 # 1 6+3H ¥ AG 346 | FH+K
N D : S J K L M
.
| -
i :
L
e

(£)

48



Expo.$ Title: Date

Diszram of Connections: Sketch neatly with rencil on a graph sheet the
) cenmactions as a tually used in experiment,

spvaratus: Note name plats data of all machines used:

Station #

Zams Haks Number Type _Fornm i
Volts | Arperes | K.W. q.T, Frequency | Spsed | Phase

Instruments: Wote make, munber, ete., of all meters, instrumamts, and
giscelilansous squipmsnt used.

-3

Uster| Maks T Waber | Hedol Typs | Rémga B 'C@agity‘ ! _Romarks
g 7
,, ——t
Article Wambar | Diserintion TATEIE R T T ThRear
-; T

(a)



. Expt. Title | Date

Inspection: This should be made for every experiment performed, defects
‘ not2d and corrected whénsver possibla.

1. Is thers sufficient 0il in the bearings?

2+« Are the brusheg badly worn? Incorrsctly set?

'3._ Is commtator rough or pitted?

4. Doas ermaturd twrn sesily?

5. Are all connoctions corract?

6.  Ar> couplings or bs3lé3d connactions proporly mads?

7. Is machino clear of tools and forsign particles?

8. Hava your wiring inépact 3d and OK'd by instructer

9. Do 0il rings turn and provide sufficiznt lubricaticn after machine
~is running?

10. Ars thers any deof2cte, and any unusval nois:e in ths machine after
it iz rumning?

1l. Nots hers th2 maximmm and minimun currsnt ratings of all the field
rhecstats you uard in sthe fast. '

No. Nake Rasistance '  Qurront Rating
Onms Hox. Min.

[ 2l
ot
[ S
Y
g

Note defects here:  (Corract tham, if possi

®
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#£13-10 OPTRATION OF COMPOUND GEAFRATORS IN PARALLEL

Procadurae:

1. Use low-range ammeters in the field circuits, high-range
ammeters in the squalizer and lines, and high-ranss voltmater.

2. BRBring each gensrator up to its propar snesd, all line and
field switches bzing opsn, and am:sters saorit-ci rcu;tad.

3. Closs the fi214 switches and adjust tha fis31d rheostats of
tas genarators until tho voltasze of cach is 2qual to the normal rated
value.

4. With ths voltmstsr, chack the polaritiss of switchss S, and
Spe I thase are corract, proc,ed with (5), otherwise correct ths
polarity by making the onropsr change in comnzctions.

5. Adjust the voltags of gonsrator #1 to normal value, apnlv full
load, after closing switchas Sy+ , S,~ , and L, and note ths full load
voluae= If this is l3ss than no-loZd voltage your sariss ficld is
r2vsrsad. Rimove tha load, opsn the switches and corr-ct ths sorins
field comnsctions if nzacsssary.

6. Ro3poat (8) on zansrator #2¢ I tha changs in voltage from
no-~load to fuli-lcad (voltaxs riazulation) is the same for v»ch machine,
procaad with (8), otharwis: with (7).

7. Abross the s3ries fiz2ld of th2 g3nerator showving the greater
changs in voltage %oiwsan no-load and full-load, comnzet a shunt lsad
which will div> rt 3mough rrent from the seriss fi=l4 to make the

voltage ragulation of th
total resistance of tha
such that they ars rs sge
currsnt cutputs of ths
compounding and is n*ce

c

s gmarator 3qual to that of the othar. Tha
3ries fialds and *hair simts should also b2
tivaly inverssly proportional to th: full-load
spactiva gensrators. This adjusimant is callad
ry to insures suzcessful parallsling.

mw
[ B
{'_;

8. Close switches S9+4, Sy~ , and L, and apply normnl load b
generator #1. -

9. Closs the equalizer switchis S;F ond 555, and also S5+, and
adjust the voltag: of genarator £8 mtil 1t is aqual %o that of ths “us
bars.

10. Note th2? voltags across Sg-. f +thz voltmaeinr rradr
s ¥

v
4 384

very nearly so, switch 32- may b»2 clesad and tha twoe machin

paralleled.

(e)
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#1.3-DC  Proc2durs contd.

11, Adjust ths fizld rhaostats of both gonerators, inserting
rosistance in #1 field circuit, and taking it out of #2 circuit, ksop-
ing th® bus-~bar veltegs constant, and at the samz +#ime shifting part
of thz load from gensrator #1 to gonsrator #2, until they divide the
load in preoportion to their rated outputs. This will b2 indicatzd by
the respective ammeters. . -

12. Shift 2il the load from gensrator #1 to ganerator #2 by
£is1d rhoostat adjustment as in (11), then open switch §5;-, and after
this switches S;+ and Syt . Ropeat the operation of paralleling
sevaral times.

13. With no-load on 2ither gonsrator, connect them in parallel,
and kesping the sp22ds of each constant, increass tha current in uniform
steps until full-lo~d for the two machinss is obtained, Keop the c.m.f.
of the system constant, and current oqually divided bhotwoen the two
mechings. Record the data.

Data:
Tabulate all observations on a standard data shect.
vestions:

: Answars to questisns 1-5 inclusive should b3 approved hefors
starting ths test, th3 ramaindsr to b3 answared in the final raport.

1. Explain the action of two compound generators in parallel
without an equalizer. How dogs the equalizar operate to make satisfactory
parallel running possitls? Discuss fully.

2. ZExplain how differancas in ths over-compounding of two wachines
affects the division of load betwean tihsm. :

3. Way should ths equalizer circuil he as short as possible?
Why of larg: cross-saction? What is ths effact of rosistance in the
equalizer circuit?

4, Show how th2 seriss ceil resistancs must he related to
capacity of the machines, in order to gzivs proper divisior of Ic
and just what happens if this rolation does not hold. In suca 2
how rmay propsr automatic division of load %2 obtainsd? Why can a
shunt around ths s3rizs fizld b3 used for this adjusiment ond vwhat
would be the function of such a shunt?

(a)
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#15-DC  Quastions Contd.

8, Descrihe and sxplain ths operation of tarowing an unloaded
ator in parall=2l with a lcadasd one, and dividinz the load.
of relieving ths machine of the load and disconnecting it.

8. Compound generators sometimes have their saoriss ficlds connect-

ed continuously to the aqualizsr and one of the other bus-bars. What
is th2 affaect on th3 action of a gsnsrator in oporation when the seriss
field of a dzad machins is so connecied?

7. Why should no circuit breaker or fuss be put in the eqﬁalizer

circuit?

8. Wy should no singla-pols circuit breaksr %e put'between the

sorias coil and the bus hars?

9. If a flat-compound gemeratcr and a shunt generator are paralleled at

Rafsrances: ‘no lead how will they share a lcad? Explain using
‘ curves. ~
5. & T. pp. 3-6, 98-103.
Langsdorf Art. 122.
Gray Ars. 191-197.
Smith pn. 110.
rF. &%, Art. 86-87.
Jranklin pp. 125-128.
Moracroft Po. 79-84.
Pander pp. 57, 152, 171, 176, 185.
Dawes pp. 295-299, 374.
Xarapatoff D, 317—&29.
R. & T. pp. 88, 98.

(o)



41300 DATA SHEET

Station:
Gensrator #£1
A 3 C ) i ;) G
Ext. Fid. Arm. L.V, Equalizer
E.OLF. | Awp. Armp. Amp. R.P.M. |Output Aro.
# 4 £ B4C # IS .
Gansrator #2 Totals
B I J K L M N
Ext. Fld. Ara. 1 K.W. ’ Load - KJW.
Amp. Arp. Awmp. | R.PJH. Output Am. " Qutput
4 # B | # AR B-H ==L

(£) Apnroved
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AITIRNATING CUGRENT LABORATORY EXPERINMFNTS

1 -40  Alternator Pield Compounding.
2-30  Lxternal Characteristic of an Alternator with Non-inductive

oo.d.
Z-AC  Ex nw* Characteristic of an Alternator at Constant Power
YEG Lor N

L4 Altevn»ta‘, Cpen-circuit Saturation, Short-circult Saturation,
' and Synchronuus Impedaance Tasis.
5 AT LAlternator, 7sso-Powsr-¥actor Saturation Test.
6-8C Alteraator Snovi-Circuit and Open-Circuit Core Loss Tests.
7-AC Parallel Ov2reition of Altsrnators.
B-A0 ov%chronous Motor V-Curvas,
nenrenous Lobo” Current and Powsr-TFactor Curves.
5 cizmey of Rotary Convsrier.
1140 Rotvery uorvertp“, Ralztion vbetwesn ¥ield Currsnt & D.C.Volts.
1Z-2C¢ Taras-wire Ganzrator with Unhalanced Loads.
1Z-A0 Traasformsr, Ratio and Polarity.
14-4C Transformer Kasistance, and Cors Loss Tasts.
15-4C Transiormer Copre:s L0ssus, Impasdancs and Ragulation.
18-AC Watt-nour Mater Galibra+%on.
7-£C Toost and Lowsr Test on Induction Regulator.
18-2C Curve Tracing with thoe Oscillograph.
19-4C Transform:r (Connactiosns
(a) Thrsc-phas: Cornze
(b) Thres to Two-phas:
(e) Twe to alx-nﬂas° T
2C0-AC Transformsr Connictious - ¥ d3lta and dslte~Y.
21-AC Effact of Unbalancing in Polyphase Transformsr Barks.
22-AC High kanazo Transformsr Tasts. o
£3~-43 Indvetion VMotor Tasts
(3/RumlinQWCMV$almL
() Locksd Satwation.
(¢) Circle Diagram & Charactaristic Curves.
() ESficisrcy Determination by P: cav RBrake.
24-AC Thirmionic Vacuum Tube Charactseristics.

2 -&

[
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«
.
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2
] @

iosns with Two Transformers.
Transformation.
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Flzctrical Erginsars.

nCommarcial Tlactrical Testing. ™ ,
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ctery Testingh
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Expt. 4 Title: Date

Diagrar of Comnections:

Sketch neatly with pencil on a graph sheei the
connactions as actually used in experiment.

Apvaratus: Nots mname plate data of all machines used:
Station #
Nams Malcs Number Type Form A
Volts ! Amperas X.W. H.P. Frequancy Svaad Phase
Instruments: Note maks, number, etc., of all meters, instrumonts, and
miscellantcous squirmant used. <
Meter| Make Nurber | Modal Typs | Range Capacity " Romarks
|
"t + b+ b b >f,
b [OOSR e .]
Article Numpar Dascrizticn U ;
| ;
+ s et am 2+ # hbe e h . e o A 4 o snE S . .i
i M e e g+ 1w oo . ik )




Lrot. Title Date

Ingpection: This should be mads for every experiment performed, defects
noted and corrected whensver possibls.

1. Is thoers sufficient o0il in the bearings?

2. Arec the drushee badly worn? Incorrectly sst?
3. Is commtator rough or pittad?

4. Doss armatur? turn aasily?

5. ' Are all comnections corract?

"~ 6. Ar> couplings or bslt24 connactions proporly mads? ‘

7. Is machine clear qf tools ang féraign particlas?

8. Hav2 your wiring inspsctad and (K'd by instructor

9. Do oil rings turn and provide sufficisnt lubrication after machine
$s running?

10. Arz thers any dafrcts, and any unusual nois3s in the machine after
‘ it is rumming?

11. Note hers ths maximm and minimum currsnt ratings of all the field
rhaostats you uszd in ths tast.

No. | Make RBasistancs Currant Rating
Ohms Vax. lin.

Nots defscts here:  (Correct them, if possiblae)

®
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#1-AC DETERMINATION OF EXCITATION REQUIRTD TO MAINTAIN COMSTANT
VOLTAGE ON AW ALTERNATOR (FIELD COMPOUNDING)

rocadure:

1. Uso a low-range DC ammster, a high-range AC amstor and a
high-range AC voltmatar.

2. Run the AC gensrator three-phase at constant frequency or
spesd, and constant terminal veltazge and taks readings of fisld and
arraturs currsnts, terminal voltags and spseds for a ssrises of watser
rasostat loads ranging from zero to about 25% overload. Take six
readings.

3. Repeat (2) using a single-phase load.

4. Repeat (2) using an induction-motor load.

Data:

Tabulate all ohservations on standard data sheat.

Curves:

Plot on the sawr2 standard sheet the field compounding curves from
the data obtairned. Use load currents as abscissae and field currents
as ordinates. Follow instructions given in the general dirsctions.

Questions:

Answsrs to questions 1-4 inclusive should be approved hefore start-
ing ths test, the remainder to be answerad in the final report.

1. What is the nature of the loads in (2) and (4) of procsdure?

2, May compounding be rssortsd to in the cass of a gensrator?
Why is it not gensrally usad?

3. What m2thod is usually used to ks3p the voltage of an alter-
nator constant for varying loads?

4. What factors contributs to ths fall of potential of an aliernat-
or on non-inductiva load? On inductive load?

5. Compars ths field compounding curves for lagging and non-
inductivs loads. ) ;

(c)
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#1-AC Quastions contd.

6. If the W.U.¥. of thz 3xciting ¢uarrant is 125 volts, what must
b2 the currsnt and rasistancs rating of the fisld rhnositat in ordor
to mxintnin constant voltag? for th: readings you obtainad?

7. What change would have to be made in the field rheostat in
order to maintain constant voltage with a load of lealing powsr-factor?

8. An alternator has ths following sharacteristics:
Fleld current reimirad feo producs 10 volts at no-load, 2 amp.
Fisld currant requirsd to produce 110 volis at full non-inductive
load, 3 amp., fi=2ld current to vwroduce 110 volts a% full load,

0.60 power factor, 4.5 amp. Fiz2ld rssistance 50 oams. Can
- constant voltage be maintainad if tha fi214 is excited from 125 volt
mains? What must b2 ths voltags of thz 2xciting cilvcuis?

Refersnces:
S. & T. pp. 122-125.
Magnusson pp. 211-220, 226-230.
Gray Art. 259-263, 268, 268-271, 276.
F, & F. Art. 1-9, 48-56.
Smith op. 182-184.
Dawes pp. 29-171.

Karapstoff pp.532, Vol.I; pp. 129-150, Vol.II.
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1-AC DATA SHEFT

Fleld Compounding

F14i. % Armature Armature Volts |Speed Remarks
Amp. Amp. Const. Const.
# i # L
1 2 3 Av] 1-2 11-3 12-3 i Av
! 3-fnon-inductive
S-fnon-induct ive

e

3-0 inductive

Approved -

(e)



Expt.# Title: Date

Diseram of Connections:

Sketch neatly with pencil on a graph sheet the
connections as actually used in experiment.

Apvaratus: Note nams plaite data of all machines used:

Station #

Nams Malce Number Type Form
Volts ! Armeres XW. | H.P. | TFrequency Spead Phase
Instrumsnts:

Note maks, mmber, etc., of all meters, instrumonts, and
miscellancous squipmant usad.

Meter | Maks Nurber | Modal Type Rango Capacity Romarks
I ES—
Bt
- [
Article™] Numosr | Description ||  Artlcis | “hmher 3 &
‘
S USERR RO ;

(a)




Lrot. Title Date

.

g should he "n.xde for every sxperiment performed, defects
2d and corrected whensver possible.

1. Is therce sufficient oil in the bserings

2. Arc the brushes badly worm? Incorrectly eot?

3. Is commmtator rbugh or pitted?
4. Do3s armatur: twn sa.éily?

5.  Ars all comnections corract?

6. Ar> couplings or b2lied conractions pronorly made?
7. Is machine cl=ar of tools and foraign particlass?

8. Have your wiring inspectad and (X'd ty instructor

9. Do o0il rings turn and provide sufficisnt lubrication after machine
*s ruming?

10. Ars t‘mr‘n any defrctes, and any unusual noisss fm the machine after
5 is running?

11. DNote hers th2 mexirua and m

s

inirun currsmt ratings of all the fisid
rhaostats you ussd in % ’

No. | Make Ros Curract Rating

Max. S Hin.

Note defects hsra:  (Correct them, if possible)

®



#2-AC EXTERVAL CHARACTFRISTIC OF ANV ALTERNATOR
WITH NOW-IIDUCTIVE LOAD

Tata taken in this test is used in #3-AC and should be preserved.

1. Use a low-range DC ammeter, a high-range AC ammeter and a
high-rangs AC voltmatar.

2. Run the al*erﬁator single-phass at a frzquancy of bO cycles
and rate, no-load voltage. V=epln~ ths field current constant, note
t ierminal voltage for a seriss of water-rhzostat loads ranging from
2870 t 25% overload. Take six readings.

3. Repzat (2) ruming the alternator at 50 cycles and rated no-
load voltaze.

4. Rep3at (2) using the sams normal excitation hut at a constant
frequancy 50% balow normal or as low as possibvle.

5. Repzat (2) running the altsrnator at rated fraquency »ut with
excitation 50% below normal.

Data:

Taburlate all obssrvations on a standard data shast.

Curves:

Plot on the same standard shest the external characteristic curves
from the data obtained, using load currents as shscissas and voltage as
ordinates. Follow instructions given in the general directions.

Questions:

Answers to questions 1-4 inclusive should he approved hefore stari-
ing the test, ths remaindsr tc be answarad in the final report.

l. What is the rslation %w3twsen freguincy and spead of an alisriater

, 2. What factors contributs to the drow in voltazz of an alisraabor
at non-inductiva load?

3. How do2s thz current in an armature conductor of a DL generator
vary with raspsct to time?

(c)
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#2-AC Quostions contd.

4. How doa2s the currént in an arzaturs conductor of an alternator
vary with respsct to time?

5. What is meant by reactancs of an alternator and upon what
does it depond?

_ 6. Why cannot ths total charactsristic ba szasily determinnd from
the external in cass of alternators?

7. Way is th2 drop of voltags in an alternator grsater than in
a s3parataly excited dirset current generator?

8. Why ars altoernators usually saparatsly excited?

References:
8. & 7. pp. 131-132.
Magrusson po. 216-226.
Gray Art. 272-274.
F. & E. Art. 82-64.
Smith p. 171-182.
Davies pp. 99-117.

Rarapetoff p. 332, Vol.I; po. 129-150, Vol.II.

(3)



DATA SHETT

~ Extornal Characteristic

Arm. Frey. |

Volts Const. Remarks
it A

b
i

80 Cyules

50 Cycles

50% rated freqg. normal fld.

50¢ mormal fl4. ratsd freq.

Approved

(o)



Exp’s. & Title: Nate
Dlezram of Coumections: Sketch nesatly wizh pescil on a gravh sheet the
ccnanetions a% a stually used in experiment.

arnaratne: Noie name plate data of all machines used:

Station #

1 Sems | Maks | Number Type Torm ]
s ; ;
o ‘,l o4 o]
- 1
- Vol*s hrperes | K.W. | H.P. | Frequency Spoad Thace
I ] |
!
Irstrumcnts: Nois maks, nwiber, etc., of all metars, instromonts, and
wisesllanzous sguirmant ussd.
Meter  Make | Nuwper | Moial | Typs | Rangs | Capacity |  Romarks
’* i
1
]
} S
i -
' ;
L 1
_ 1 T 1
Articla Numbzr | Dascripiion “Articla Tachoer Doscrintion
I . i
i
) |

(a)



Lot Tiile | Date

e e s o+

nct2d and corrected whensver possibla.

1. Is thers sufficient o0il in th? dearings?

2. Arc the trushes badly wern? Incorrectly sot?

3 Is commtator rdugh or pitted?

4. Doas armatur? tuwrn 3aéily?

5.  Ars all connections correct?

E. Arz couplings or b3lt24 connactions properiy madzt
7. Is machinz clear of toole and foraign particles?
8. Hav: your wiring inspsct 3d and OK'd by instractor

Q. Do oil rings turn and provide sufficisnt lubrication after mochine
4s ruming?

10. Ars thare any defccteg, 2nd any wmsual nois2s in the machine after
it is running?

e

11. Nots here ths maximm and minimum currant ratings of all the field
rhaostats you usad in the tast.

¥o. | Make Rasistance Currcant Ratiag
Unms . Vax. Min.

Note defscts here: (Correct tham, if possibls)

®



#3-AC EXTFERNAYL CHARACTERISTIC OF AW ALTERTATOR
AT CONSTANT POWTH TACTOR

Procedure:

~ This experiment should be performsd on the alternator used in
#Q"AC . * '

. 1. Uss two low-range DC ammeters, a high-range AC armeter, a high-
range AC voltmster, a powsr-factor irndicator and a fresquency meter.

2. Comnnect the direct-current machines of each of *Wo sets to
operats as motors and the alternating current machines, one to opsrate
as an alternator and the other as a synchronous motor.

3. With all the switches in the fisld circuits of the altsrnators
and those on the dynamomsier-board opan, bring each sst up to speed.

4. Close the Tisld switch of the alternator and bring its voltage,
as measured across ons phass, up to normal frequsancy and to the no-load
valus uvsad in (3) of Exp't ¢~~AC. * (Chack and record the voltages
across all pras3s., Not2 and rscord the fisld current. This value should
be maintained constant throughout tha test.

5. Clese the fiszld switeh of the synchronous motor, bring its
gpead up to such a value that the synchronizing lamps bpco e bright and
dark slowly, and adjust ths fisld rheostat uwntil the voltage as measured
across each prasc is equal to that across sach phase of the alternator.

6. If ail three synchronizing lamps bacome dark and dright
simultaneously, then the phass-rotation is correct and you may procsed
with (7). If tae lamps bacome dark and bright successively, or in
rotation, then the phase-rotation is incorrect and two of the leads
from one of the machinss to the dynamomeier board "ust be intsrchangad.

7. The lamps as connsctzd zive the provor phess~-relation whan
they ars dark and if thev bseccmes dark very slowly, than the freguoncies
of the two machines about to b2 connscted togatiisr or svnchronizad are
very nearly 2qual, and ths thres single-phase switchzs on the dynamomsto
board may b2 closed at the instant the lamms hscom? dark. Afbor s~
chronizing the two machinzs, the DC driving roter of the smichroncus
motor s=t may b3 disconnectad.

8. Check the powsr-factor mater for l:iading or lagging curronis
as follows: Vary ths synchronous motor £i21d and ohsarve the affzct o
th3 reading of ths AC ammeter. If the current is leading, increasing

s

Al

* In case ths alternator usz2d in #2-AC is not availabla t .
nacessary to give the desirad data should b2 repaated. S22 cuarve
instructions on next paga. :

(e)
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#5-AC Procedure contd.

the fi21d strength of the synchronous motor will incresase the current,
but if the current is lagging, 1t will decrease it. At unity power-
factor the current will bs a minimuwm. The ammeter may he inserted into
ary on2 of tha three lines by m3ans of the dynamomster board. To do
this, closs only ons of ths thr3s two-nols switchzas on the board and
then opsn the single-pole switch ilumsdiately abova it. To romova ths
ammaver raverse the cpsraticn, 1.3, clos3 ths single-ncl? switch and
thon opan thy doubls-pols switch. XNovar close mord than ony of the

“écublz-pole awiichas at any on3 tims.

9. Load th2 altarnmator through $ths synchronous motor, malking tha
latter drivs its DC machinz as a gincrator, and with ths powsr-factor
kept constant at 0.7 l2zding and altarnator £is1d current kspt constant
at the valus ottainnd in (4), tale readings of the alternator fisld
current end volt2z3, th2 synchronous motor £is1d currant, th® AC lins
current, powsr-factor and freguiney for a sariszs of five valwes frem
zaro to fuill-load valu: of ths DC motonr driving the alferrator. FKeap
the fraguaney, altornator ficld curront and powsr-factor constant.

10. Repeat (9) for constant power-factors of 0.9 leading, and 0.9
and 0.7 laggineg, keeping the alternator fisld current constant a*t the
value uzed in (9). Vary the powsr-factor with the motor field.

Data:

Tabulate all obssrvations on a standard data sheet.

Curves:

Plot, on the same standard shest, ths external characteristic curves
for the various power-facters used in the test, line currents as abscissae
and voltagss as ordinatss. Plot also on ths saue shast, the cwv: for
unity powsr-factor from ths data obtainad in (3) of #2-AC.* TFollow
instructions zivern in ths general diractions.

Questions:

Answars to quastions 1-5 inclusive should %6 aporov:id Bafars eiorie
ing the t2st, the remainder to be answerad in ths final ropors.

1. Defina volings regulation of an alternator. Uporn what factors
will the regulaticn dspend?

* 522 nots on praesding pags.

(4)
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#32-AC Questions, Contd.

2. What is meant by the external characteristic of an alternator?
3. What is meant by synchronizing?

4. In synchronizing altsrnators, what coniitions must the E.M.F.
of the machines fulfill? : -

5. What three things do synchronizing lamps indicate and what
ars the conditions undsr which the lamps give correct indications?

6. What is the effact of a lagging load on the external character-
istlc and why? :

7. What is the effect of a leading load on the sxtsrnal character-
istic and why?

8. Txplain ths effect of a lagzing and leading load on the kilowatt
capacity of an alternator. '

9. 1Is it possibie to havs a negative regulation? Under what
conditions?

10. Is it possiblo to opsrate an alteranator without any fiz2ld exci-
tation? With a negative excitationt If so, under what conditions?

Referances:

S. & T, pp. 131-137.

Magnusson pPp. 216-220, 237-241, 245-246, 256.
- Gray t. 274, 279, 284-299.

F. & E. Art. 62, 63, 68, 70-77.

Smith _ pp. 1l71-182.

Dawes pp. 929-171.

Xarapetoff p. 532, Vol.I; pp. 129-150, Vol.II.
R. & T. pp. 227-239. :

(o)
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Expt.# Tiﬁle‘: — Date

Diagram of Comnecticns: Sketch neatly with vencil on a granh sheet the
connecsions as a tunlly used in experiment.

Apparatus: YNote name plats data of all machines used:

Station #

~Tiame Tlake " Tuzber Type__ Form B
Volts | izmeras X.%. | H.p. | Frequency Spaad Phasgs
|
ki

Instruments; Hoto make, numbsr, ete., of all meters, instrumants, and
L miscelianscus equipmeni used.

B ' -

| Yator  Make | Nurbar [Modsl | Type | Ramge | Capacity | Romarks
, : i
PR
e e}
Articls | Humbar ascription Artiels ] Thamer | Doscriniism |
- ‘i
] -»5
3 B

(a)




Expt. Titla | Date

_ Ingpesction: This should be made for every expsriment performed, defects
noted and corrested whensver poseibvla.

1. Is therzs sufficiant o0il in the bearings?

2. Are tha bruehse badly wern? Incorrectly sat?

3 Is cemmtator ro{xgh or pitted?

4. Doas armatur? tun s&sily?

5. . Are all comncctions ecorrsct?

6. Ar: couplings or b3l%:d comnsactions proporly made? :

7. Is machina clear of tools and forsign particles?__

8. Eava your wiring inspactad and CK'd by inessructer

9. Do oil rings turr ard provide sufficisnt ludrication after machine
- 38 running?

10. Ars thzre any d=f2ctg, and any unusuel neissz in the machine after
it is rumming?

e

11. Note here ths maximm end mirimm currsn® ratings of &ll the field
rheostate you ugsd in the fasi. v

No. | Maie Rasistance Currami Robing :i
: 4 oz iex. R |

i

-

i

 Nots defects hers:  (Corrset tham, if pessible)

(v) |



#4-AC OPEN-CIRCUIT SATURATION CURVE, SHORT-CIRSUIT SATURATION
CURVE. AND SYNCHRONOJS IMPRDANCE CURVE

Procedure:
Data taken in this test is used in #5-AC ard should be preserved.

1. Use a low-range DC ammeter, and a high-range AC ammeter and
volimeter, also & hign-resistance fisld rhsostat.

2. With all switches in the altsrnator field and stator circuits
open, btring the machine up to¢ spead.

3. Record tha voltage dus to rzsidual magnetism, then with all
the field resistance turnad in, close th> fiszid swltoh and teke
simultanzous readings of fisld current, fraguency and voltags for a
series of ascending valuss of fisld currant u to the maximum. TFeep
the frequency constant and taks ahoubt 2ight readings. Always hring ths
fisld current up to the desirad valuz to provont inaccurate results due
to hysteresis. :

4. Redues thr fisld current in adbovrt eight stoeps, taking readings
as in (3) and always dring th: fi2ld currmt down to the dosired value.
Tha last voltaga r2ading should b2 taat duz to rosidual magnatism.

S. Witk all the fi21d ra2sistance turasd in, shor* circuit the
stator of thu alternator through ths dynamomster bhoard, tale rsadings
of tha fisld currsnt, and 2ach lins currsnt, then opin thy thrae singla-
pele switches on ths dynamomstsar board and read stne voltage across coch
phase corrssnonding to th: valuss of short-circuit currant obtainsd.
On2 set of rsadings should he taoksn with the £is1d switeh opan.

8. Repczat (5) for a saries of shori-circvit curreonts up to 125%
full-load curront valuz of the alternaztor. Take six readings including
one set with fi2ld switch open.

Data;

Tabuiate all observations on a standard data shees.
Curves:

Plot on one standard sheet tae spau-cirenit and short-circuid
saturation curves using as ordinates, for fthe former, ferminal wvolts
for the later, short-circuit crrrents, and as a*sc*~sae, sae fisld
currents. Tollow instructions given A th2 ganeral dirsctions.

Plot on a secend standard sheet thes symehronous inpsdance curvse,

using short-circuit currents as asscissas, and as ordinatss, the sorminal
volts obtained whan the stator circuir i. opaned.

(c)

o X‘x
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F4-AC
Quzstions:

Answors to quastions 1-5 inclusive should »2 cpproved hefere start-
ing the test, the remaindsr to be answsred in the final roport.

‘1. What is meant by the open-circuit saturation curve?

2. How may & slight spe>d weriation be corrected for if it ocecurs
in maxing the test for this curve and wiy7

3. What is meant by the short-circuit saturation curve?

4. Why is the current in the short-circuit test practically indep-
endent of the spezd?

5. Vhat is msant by synchronous impedance and how is it obtained?

6. Explain the form of ths opsn-circuit saturation curve you
obtainaed.

7. TFxplain the form of ths short-circuit saturation curve you
obtained.

8. VWhy will the current in a shert-circuit saturation curvs run
much lower than on & dirsct current curve of the same sort?

9. What determines ths powsr factor in this case?

10. Calculata the synchronous impodence for the ratd value of curs
rent. S

1i. Armaturs reaction is somstimss spokan of as a countar magnaio-
rotive force. Why?

'12. Ths E.M ¥, of s3lf-induction is oftan raferred to as a comnatar
TLLF. Why?

Rafarsncas:

S. & T. pp. 125-126, 130-121.

Magnusson pp. 216-226.

Gray Art. 272, 275.

F. & E. Art. 62-64.

Smith pp. 1l€1-171, 1%5-193.

Dawaes po. 142-155.

Karapatoff pp. 537-541, Vol.I; pp. 129-150, Vol.II.
Re & T. Pp. 227-245. ’

(d)



#4-AC DATA SHERET

Jp—

Open Circuit Saturation.

¥ld. Arm, Volts Treq. Romarks
Amm. #‘ , Const.
# 1-2/1-3 2-3]  Av. | # .
Ascending
)
Descanding

Short Circuit Saturation & Synechronous Impadancs

¥1d.| Short Circuit Amp. ' Syn. Impad. Volts | Frag.
Amp. | & i | Const.
# 1 2, 3 : Av 11-2 11-3 [2-3  Av.|#
_— ;
i it
' L
,! 7
Approved

(a)



Expt. # Title: Date

Diagram of Conmnections: Sketch nsatly witkL pencil on & graph sheet the
connactions as aually used in experiment.

Avnaratas:  Note nams plate data of all machines used:

et g e e vt

| Nams , Make Nurbor Type Torm B
i ; i
Velts | Ammeros ¥.W.e | H®. | TFrequency | Sread Prase
i
Instrumsnts: Note meks, nmumher, ete., of all meterz, instrumsnts, and
riscellan~ous 2quivmant usad. ‘
Meter| Make Nurbsr | HMedal Type Ranga Capacity - Remarks
e, - sapeeend o
. SO N
Arvicle Numo=2r Ioscripticn
ol _3"___%
4
?
i : i ‘f

(a)



Ernt. Title Date

Ingnection: This should be made for every experiment perfermed, defects
noted and corrected whensver possible.

1. Is there sufficient oil in the bearings?

Incorrectly sat?

.2.  Arc the brushes padly worn?

3. Is comratator rough ar pitted?

4. Do3s armatur: tun 2asily?

5. Ars all connections corract?

8. Ar> couplings or b=2lied connactions pronerly made?
7. Is machine clsar of tools and forcign particlas?
8. Havs your wiring inspactsd and OX'd by instructor

g. Do o0il rings turn end provide sufficisnt lubrication after machine
43 ruming?

10. Arz thers any def:cts, and any unusual nois3s in the machine after
it is rurming?

11. Note here the meximum and minirum currsnt ratings of all the fisld
rheostats you usad in the itast.

No. | Make Rzasistance Currsnt Rating
Ohms Max. Min.

Note defects hsre: k(COrrect them, if possibls)

®
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#5-AC ZERQ POVER-FACTOR SATURATION CURVE

Procedurs:

This test should be made on the alternator used in 4-AC. In case
this machine is not available that part of #4-AC regquired for this test
should be repeated. See curve instructions bhalow.

1. The prime mover My used in synchronizing the a.c. motor (see
Expt. #3-AC) should be a DC motor which can be startzd with a water
rhzostat in its armaturs circuis. After synchronizing, ths load due to
the stray power and other lossss of the synchronous motor should bve
transferred frox the altsrrator to the DC motor Mg as follows:

8. Adjust the altarnator for unity power-factor (sce Expt. #3-AC),
chack ths comnsctad wattmeters for proper indication (ssc Expt. #8-AC)
and by propar adjustment of ths watar rheostat in the armature circuit
of My, tha wattmator rsadings can be reduced to zero indicating that
thes alternator is cpsrating at no-load. Note ths currant and voltage
supplizd to Mg and kesp their product constant throughout the tost.

3. Starting with the alternator ficld as low as consistently
possihle, underaxcite the synchroncus motor fizld until tho linz current
is 2qual to ths rated full-loadi currant valus of the alternator, the
power~factor at the sams time being as nsar zero as possihle. Take
raadings of all metsrs. K»op the line currant and frequency constant and
the power-factor as n2ar zsro as possible throughout the test.

- 4. Raiss tho excitation of the alternator in steps and corrsspond-
ingly decraass tha excitation of +ths synchronous motor kesping the line
currant and frequency constant and the power-factor as noar zero as
possible, and taks rzadings as in (3) for a sorizs of field curront
valuzs up to the maximum possibl: altsrnator sxcitation.

Data:

Tabulate all observations on a standard data shest.
Curves:

1. Plot on a standard sheet the zsro powsr-factor saiuration cvrva,
using alternator fizld currants as ahscissz2e and corrssponding vols .g3s

23 ordinatss. Tollow instructions givan in the gensral directions.

2. On ths same shost plot the ascanding values of the open-circuit
saturation curvs ohtainsd in #4-AC.

(c)
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#B-AD

Qusstions:

——

Auswors to questions 1-3 inclusive should be apnroved before start-
ing the test, the remainder to he answered in the final report.

1. What is the objéct of takinz a zero-power factor curve?

2. Descrivwe briefly three methods for making tests and computations
2 regulation of alternators.

3. Thich is the most prsferadle and why is it not gonerally used?

4, T%xplain why the full load zero powsr-factor saturation curve is
more easily taken, and more raliabls, than that for unity powsr-factor.

5. Sho» how at zero-powsr-factor the thras sources of voltage drop
and th2 tsrminal volts ars relatasd vactorially.

6. Show how tha optimistic zero powscr-factor saturation curve may
be daduced, from ths no-load curve and the shori-circuit characteristic.

7. Show how the pessimistic curve may be chtainad from the same
curves.
2 °
ths no-load curvas by thz Poltisr method, whan ths zero and ons other

point on it ars known.

9. What component of voltags drop is neglectsd in the psssimistic
method? In the optimistiec msthod? '

10, With what sort of a saturation curvs would the pessimistic and
optimistic mothods give ths samn: rosults?

11. Is it possible to obtain a powsr-fachtor of zarol

12, Why is a powsr-facter of 20% as good as a powsr-ficior of 72029
for all practical purposas?

References:
Std. Havk. Sact. 24, Art, 583-585, 4th ed.; 1337, 43%%, 5tz 24d.
A.I.R.E, Art. 585-586.
Thomalsn pp. 95-101.
Karapstoff Pp. 553-569, Vo1.I, pp. 120-150, Vol.II.
Hay Art. 80, 81, 84-87. ,
S. & F. Vol.II, pp.125-131, Nos. 53-55, 59.
Thempson Vol.II, pp.253, 292.
Lawrence Chanter V.
Dawas pp. 128-159.
R. & T. pp. 227-242.

(&)
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#5-AC | DATA SHEET
Station:
Alternator - | Motor
Fid. Armature VOl:s Armature Amp. | Freq. [Power ; Fld.
i . # S # Const.| Factor{ Amp.
4+ 1o 718 (28 [ &v. | 1T 128 | & | &v. # 4 #
: § 1 . ! "
- i j
L ;
i | |
L ;
% v
i { :
t
!
i
1
Approved:

(e)




Title:

e

Date

- of Coznections:

Sketeh neatly with nencil on & granh sheet the
conancticas as actunlly used in experiment.

Arparatus:  Note name plate data of all machines used:
Station #
| Jem2 aks Humber TJype Form A
- -
—
| Volts lAmperes | KW, 1 E,T. Freguency | OSpaaed | Phase
i .
!
Inetruments: Nois mako, numdsr, etc., of all metars, instrumants, and
miscellanccus squipmant usad. :
Veter | Maks | Nuxbsr |Modal | Tyr Rangs Capacity | Romsrks
i
b
Articla Numbar D2seription Articls | Thucher Doscrintion

(a)



Ixrt. Title, Date

Ingpection: This shculd he made for every sxperimsnt performed, defscts
nocted and correctsd whensver possivls.

1. Is there sufficient oil in the dbearings?

2. Are the brushes badly wern? Incorrectly sst?
3. Is commtator réugh or pitted?

4. Doas armatur: twn saéily?___ﬁ___*
5.  Aro all connsctions corract?

&. Arz couplings or beltei‘connactions propoerly madas?
7. Is machine clear of tools and foreign particles?

8. Hav2 your wiring inspsctod and OF'd by insiructor

9. Do o0il rings turn and provide sufficiznt lubricaticn after machins
¥3 running?

10. Ars therz any deficts, and any unusual noisze in the machine after
it is raoming?

1l. Note haore ths maximum and minimm currsnt ratings of all the field
rheostats you uszd in the %asi.

No. Make Rasistance Currant Rating
Ohms Max. Min.

Note defacts hsrs:  (Correct them, if possible)

o8
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"¥§:AQ SHORT-CIRCUIT AND OPEN-CIRCUIT CORE LOSS OF AN ALTERNATOR

b,

Procedurs:

1. Use two low-rang2 DC ammeters, a high-range DC ammeter and
volimster, a high-range AC ammsisr and volitmster, and a high resistance
field rhoaostat.

2. Cowle ths emall (epzecial) D.C. motor and the alternator togother
and bring th: a2lternator up o norwal spesd. Short-circuit the stator
cf th3 altazrnator oy commecting togathar ths line {not aliornator) sides
of th? §.P.S5.T. ewitchas cn the dynamomaier hozrd and closing these
switches. With the altsrnaver fiz1d switch ovon read all instruments.
Witk a hich rasistance in the alternator field circuit, closz its field

switceh and read instruments.

3. Ko23ping th2 altsrnator specd and tha motor excitations constant,
ralise th2 oxcitation of the alisrnstor and take roadings a2s in (2) for
apbout five valuss of short-circult curreont up to ths maxtnwn normal rated
full-load currant of the machine.

4. Opar th2 short-circuls on th2 altarnator and taks a sat of
racdings on &all instrumsnts for a sarizs of aobout ten voluzs of £i:14
currant from zsro to thz maximum. Xa3p the alternator spcad and the
motor exc1tmt10n constant at the values us2d in ths short-circult test.

5. K3wping the alternator spead and *he motor oxcitation constant
at ths valuss used in (3) and (4), obtain ths friction loss of the alter-
nator by driving it with fisid and lin? switchas opan. '

6. Run th? motor dlsconaected from the alternator, with the same
excitation and sp32ds as it had in (3), (4) and (5), and taks rsadings
bafore.

, P B asur: ths resistancs of the motor armatura,

8. Deterzinz the 2quivalent rasistance of tha alterantor
as follows: Measurs ths RI drop betwson sach palr of torm iﬂ”‘
the sam® squipmint and mathed os in (7), add ths thres valuss’
ed and divide the sum dy 2. Th2 quotisnt is ths resisitancs L@S;T

9. Calculatz th2 motor stray-powsr loss, the altormator friction
loss, and ths short-circuit and open~circuit core loss@s.

Data:

Tabtlate all obssrvations on a standard data sheet,
Curves:

Plot on the same standard curve sheet, the short-circuit
and load losses as ordinates against sacri-eircuit currents

Plot also the open-circult core losses as ordinatss against corrss

(c)
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'#6~AC Curves contd.

alternator fisld currents a2s abscissas. Follow instructions given in
te general dirsctions.

Questions:

_ Answsers to questions 1-8 inclusive should be approved before starting
the teost, the remaindsr to b2 answsred in ths final report.

1. What is msant by the core loss of an alisrnator?
2 TWhat are the hysterosis losses? Fddy current losses?
3. What is the o%ject of the short-circuit corz loss test? .

4. Waat is mzant by thes loadl loss? How is 1t daterzinsd? Is the
value thus obtain=2d corrzct? What assumption is mede? Why?

5. What causss the lcad lossas?
6. What lossss remain constant during the test? Waat losses vary?
7. Waat conditions govarn th: motor specd and sxcitation? Why?

8. Why should a small alternator sxcitation be us»d when ths
stator is short-circuitzq4?

9. Exprsss in the form of 2quations th> following: Motor stray
powsr, alternator friction loss, tho short-cireuit cors-loss and the
open~-circuit coras-loss. ZExplain sach squation.

1C. Explain th> mathod of obtaining the equivalenﬁ resistance in
instruction (8), stating why it appliss oqually wall to both Y- and
delta-connset2d stators.

11. ZEKrowinz that the stator is either Y- or dalta-éonnicted, an
impossi®ls to s3parats into its phasas, axplain hov the resistancsz por
phase can b3 datarmined, from the RI drop m:asured across any pair «f
stator terminals.

Refersnces:

5. &T. pp. 125-129.

Smith po. 194-200, 228-235, 284, 285.
Magnusson  pp. 115-123, 231-232.

Gray Art. 105-110, 2z7.

Karapatoff pp. 541-542 Vol.I pp. 120-150 Vol.II.
R0 & T. Pp‘ 246"'249.

Lawrence p. 123.

(@
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#6-48 DATA SHEET #1
Obssarvations D.C. livtor
Read. Fld. Arm. | Arm. H i
No. Amp . | Volts | Amp Speed ! Remarks
Const. | £ [ g Const. |
# A B o i S
1 i i Iutor Stray Power Loss
2 Alvernanor Friction Loas
3 snors-elrecuit Core Loss
4 ! it v " 1
5 [} " " f
8 n [} oo "
7 " 1 1t t
8 " 1 1" "
9 Open-circult Core Loss
10 1" " it "
11 n t’t " "
12 " o " m
1_3 1" " 1t "
14 u " " []
15 " " " "
15 ] " " [
17 " " " 1t
18 i 1t 1" " it
Motor Armatvre Resistance
Lap Winding :
A B G=B/A D ®=4C /1<
A, Volts| Res. No. True Res.
-4 i Ohms Polas Ohms
§
Av. ¢
Approvad:

(e)
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$8-A0 DATA SHERT #2
Observations Alternator
ndz. Tid. Line Amp. Terminal Volts Sres=d
No. Amp. # # Const.
& 1 {23 Av.C ] 1-211-3 i2-3 !Av.D &

1

2

&

5 :

8

7

3

2

10

1
12
h__:.iZS

14
15

15

7

18

Stator Resistance
Volts Lins Amp Resistance per Equivalent
# & rhase ohms Resistance
1-2 113 72-3 | 1 2 3 1-2 {1-3 | 2~ {Sum M=Surn/2
Av. o
Approved: —

(£)




#6-AC DATA SHEETT #£3
) D.C. Motor Calculations
Reading - Arm. | Arm. ! Arm. : Brush Total Stray
Ne. Imput | Res. ;CopperiContact | Coppar Powar Loss
Watts | Onms ; Loss | Loss Loss (Const.)
Watls | Watts Watts Watts
T E=13 T 1G=FA® | H=2B I=0+H K=g-1

i . ®r o

2 1} i " " oon

3 mooounoon

4 fn 1"t fn

5 " noon

B 1 ] t on

7 0 n on

8 n noon

g ] 1t u

10 1" non
11 R
12 | 1 oo
13 \ N
14 1 non
15 n non
16 " non
17 " LU |
18 1" ton

*Cateulate KA A reading #/ ard
Approved:

yse [s vaive for alf ofter /’éz,’/d//'//;//.j

(g)
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£6-10 DATA SHEET f4
Station:
Alternater Caleulations
Read. Friction; Xquiv. ; Stator Short Load Open
Loss Stator , Copper Cire. Loss Circuit
No. Watts.| Res. Losgs Core Loss ;Watts Core Loss
Const.| Ohms Wattg Watts Assumed {Wotts.
X1 1T H HACE O B L-1-H| =0 /5 (SSE-BL-T
1 x
2 TR !
3 nooaoon 1
— & W
5 i i i
6 " n "
7 noorn M
8 i 1t i1
9 towoon
10 " fn 1
11 wono o i
12 wonoon !
13 " ft n
1Z W W
15 1% ] i
13 1 1 n
17 n f u
18 1 ] n
¥ Calcviate L For reading #E ard vse
1S valve foral other readirgs Approved:

(&)
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Exps. 4 Ti+le: __Date

Disgrem of Connections: Sketch neatly with nencil on & graph sheet the
: connactions as acztunlly ussed in experiment.

Avraratus: NMote name plate datz of all machines used:

. Ao o

Station #

Hars ; aka o Tmder Type Form ]
e
 Volts ! Ampercs | K.W. E.F. T TFraeguwency | 3vesd | Phase

Instrumints: Note maks, numher, etc., of all metars, instrumanis, and
riscellaurcous equirmant usad.

Meler | Make | Nurber | Mcdal | Typs | Range | Capacity [ Homarks

o

Aeti215 | Tumber | Dlscripiich ArEicia 7 Wurber | Daseription

(a)



Expt.

Title v . Date

. Inspection: This should be made for every experiment performed, defects

9.

10.

ll‘

noted and corrscted whensver possibls.
Is thers sufficient o0il in the bearings?
Are the brushes badly worn? Incorrectly sat?
Is commtator rough er pitted?
Doas armatur? turn sasily?
Are all connections corract?
Ar> couplings or b2lt2d4 connactions propsrly madat : ,
Is machine clear of tools and foraign particles?
Have your wiring inspsctsd and (K'd by instructer

Do oil rings turn and provide sufficisnt lubrication after machine
3 ruming?

Ars thoere any deficts, and any unusual nois3ss in the machine aftar
it is rumning?

Note hore ths maximum and minimum curraent ratings of all the fisld
rheostats you usad in ths tagt.

No. | Meke Raslstance | Currant Rating

Ohmsg Hax. Min.

Note defects hera:  (Correct them, if possible)

()
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#7-AC PARALLEL OPERATION OF ALTERNATORS.

Procedure:

1. Use two low-range DC ammeters, a high-range AC ammeter, a high-
range AC voltmeter and a frequency indicator.

2. Bring one of the altarnators Al up to its rated spead and voltage
and apply a load to it. Bring the oti3r alternator uwp %o its rated
speed and voltage and synchronize it with A, (ses Expf. #3-AC). In order
to divids the load equally betwsan the machlinss it is necessary to in-
crease the torqus of by lowsring the excitation of its d.c. driving
motor. To ke3p the friguoncy and bus-bar voltags constant at the sams
time the torgue of A, should be raducasd correspondiungly by raising the
excitation of its primz movar. Fqual loads will be indica*ed by egual
 ammetar readings. ’

Cross-currents hatwaen tha two machiniss can be practically reduced
to zoro by adjusting the altermator fisld sxcitations until the sum of
the machine ammster readings is a minimum, raising the axcitation of one
alternator whils lowaring that of the othisr, thus kesping the bus-bvar
voltagas constant. «

3. Xaeping the bus-bar voltags and load current constant throughout
take readings of all meters wderiihs following conditions:

(a) A; operating alone at rated voltage and full-load.

(v) Al as before and A, at no-load in parallel with the line.

(c) Ay and A, supplying equal powsr to the load and the sum
of the machine amreter readings equal to the load current or nsarly so
(cross’current practically zsero).

(d) Ay and A, sharing the load unequally Adjust the alter-
nator excitation so that the sum of th> machine ammeter readings is &
minimum {cross-currant a minimum).

(e) A; and sharing the load equally but with unequal
3xcitations (fau'ly larg cross-current).

4. Try synchronizing with a 300-volst voltmeter across the line
switch in placz of the lamp. .

Data:
Tabulate all obsarvations on a mizrd data shnrat.

Questions:

Answars to quastions 1-7 inclusive should b approved bafors start-
ing ths t3st, the remainder to bs answered in ths final report.

1. State four conditions that must be fulfilled hefor: two alter-
nators can be comnsctoed in parallel.

2+ Draw a diagram showing how ons synchronizing larm is ugzd o
synchronize two singls phas: alternators.

(e)
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#7-0C Quastions contd.

3. When should the switeh b2 clossd in this casa? What rmst be the
- voltage rating of ths lamp?

4. If two lamps ars used, show two ways in which they can be con-
nected and t31l when tha lin> switch should bo clossd in oach case.

5. Discuss the relative merites of using lamps with crossed and
direct connections.

‘ 6. Show the way in which synchronizing lamps may bo connocted throe-
phass to syncaronize dark; to syncaronize light. :

7. If ths phass rotation of the incoming machine is wrong, how may
it be changed? . ,

8. How may synchronizing larps on a three-phase machine or systom
b2 connacted to show whathar the incoming machine is too slow or fast?
Explain the action in this case.

9. 1In a permansnt thres-phase installation how many synchronizing
lamps would ordinarily be used, and why?

10. Explain briefly the opsration of synchroscopss or synchronism
indicators and their advantages ovsr lamps.

11. Explain the action of the circulating current upon both alter-

12. If the fleld sxcitation of one altermator is reduced, what is
the effect of ths circulating current on that machine? Upon the other
machine?

13. If the torque of the prims-mover of ons set is reduced, what is
the effect of the reductlion upon the alternator of %hat set?

14. 1If both alternators are driven by DC shunt motors, explain
the effect of raising the excitation of My, My, of A, Aa.

15. Compare the method of shifting loads on parallél-operated Ic
generators. with that used on alternators.

References:
S. & T. Pp. 142-147.
Magnusson pp. 233-256.
Gray Art. 279-288.
F. & E. Art. 68-77.
Smith »p. 200-2086.
Dawes pp. 125, 163.
Karapstoff pp. 570-581 Vol.T; opp. 120-150 Vol,II.
R. & T. pp. 250.

()



#7-4C

Station:

DATA SHERT

79

Alternator #1

Alternator

#2

Line

Stator
Amp.T1¢

Zld.
Amp.

=

Stator |

Arp.Iv
il

i

wld.
Amp.

Volts | Amp.1
Cons¥.

Const. |
!

I

*
o=

i

Freq.
Const

Remarks

#1 aione

Full Ld.

T T4

#2 No Ld.

#1 HIf. Ld.
#g n on

II+IH= IL

71 - 52
Unequal Ld.

I'hI0 min:

#1 % Toad
#2 % Load
Urnequal

(o)

Anproved:

Excitat.




Expt.# Title: Date

Diszram of Connections: Sketch neatly with pencil on a graph sheet the
connactions as actually used in exveriment.

Avnnaratus: Note nama plate data of all machines used:

Station £

Name @ Make Numher Type Form

Volts | Armperos K.W,

)

. | Freguency Spaad Phase

Instruments: Ncte maks, numbor, etc., of all moters, instrumants, and
miscellan~ous squivmant usad.

Meter | Maks Nurber | Model Typs Range | Capacity _ Romarks
ArticTe Namoar 3scription || | Articis | Lwumpber | Dascrimiion |

(a)



Expt. Title Date

ninection: This shculd be male for evary =2xperiment performed, defects

nsted and correscted whensver poszibvla.
1. Is there sufficient oil in ths baarings?
2.  Are th2 bruches vadly worn? Incorrectly set?
2. Is‘commutatcr rougn or pittoed?
4. Doas armatur: tun 3aéily?~n_
5.  Ars all connactions corract?
. 6. Ara couplings or b2lt24 comnactions proporly madz? :
7. Is machine claar of tools and forsign particles?

8. Hav2 your wiring inspsctzd and (F'd by dnstruetor

9. Do oil rings turn and vrovide sufficisnt lubrication aftsr machine
¥ ranmang?

10. Ars therz anv def3cts, and any unusual nojsss in the machine after
it is ruming? -

11. Note hore ths meximm and xinimm currant ratings of all the fisld
rhaostats you usad in ths saet.

1‘5.9." Maie Currsnt Rating
| lox 1in.
Note defesets hara: Correct tham, if possibie)

)
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287G STNCERONOUS MOTOR "V CURVES
Pro cedure:

1. Uss a low-range DC ammeter, a high-range DC ammeter and voltmeter,
a nigh-range AC amrzeter and voltmster, a frequency indicator, a power-
factor indicator, two wattmeters, and special tast table.

2. Bring the motor up to spe2d and synchronize with the 100-volt
AC mains. Check the powsr factor indicator as in Expt. #3-AC.

In order that wattmeters indicate corrzetly it is necessary to
conrect them in a dafinite phiase ralation. It is alsc necessary to kmow
when using two watt-metars in a thras-phas2 circuit whether their readings
should be added or subtracted. For oxample, at uiitv power-factor the
two wattmetors should sach indicat: tha same if the load is balanced;
at 50% power-factor ono of th: watt-meters should read zeoro, while bolow
50% it should indicat: nogativaly and its rcading (obtainad after ravers-
ing 3ithsr th3 sarics or potantial coil comnsctinns) should be subtract-
ed fromr that of the othir miter to obtain the corrsct total powar.

If connzction diagrams ars availabl: thoy should b3 follow2d care-
fully: A chack on ths provner connaction of two wattmators on a thrre-phase
balanc2d cireunit whos? power factor czn 2 controllad may he made as
follows: ‘

If the wastmotors hava revarsing switzhoes (notantial coil) sot
these for dirzet reading. Bring ths powsr factor to waity as in Expt.
#3-AC, the lin2 current at this valuc »zing 2 minimum. Both wattmaters
should now rzad alik? (taking account of their multiplving constants).

If ona of them is negzative, do not touch the rovarsing switch, dbut revorse
2ithsr the seriss or the potential coil comnactions talking propsr pro-
cautions to protact yours2lf and the mstar. Both wattmatars will then

b3 connectad so that thair raadings ars positive and should »2 added.

If on> of the wattmeters indicatss negative at any time during thz tost

us2 tha roversing switch and subtract the reading from the othor watte
mstor reading o got the corrsct result.

3. Operat> the machine at no-load, k2°sp th2 improssed EM.F. and
ths frequency constant, and talk: ammotor and wattmoter raadings for
successiva valnss of £i21d currant ranging from ninirum possibls to
maximum possible valuzs. IF motor falls out of sisp, pull line switches
on dynamom3ter hoard im-adiatsly.

4. Rep2at (3) running ths mctor at full load.
Data:

Tabulate 2ll obssrvations on a standard data shast.

Curves:

1. Plot on ons gstandard sheet curvas showing th? relation betwean
powar factors, lins currsnts snd watts at no-load as ordinates, and field
currents as ahscissas. TFollow instructions given in the general directions.

2. On a s2cond standard shest plot curves for full-load, similar to
thoss in (1). )

)
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#8-AC
Questions:

Answers to qusstions 1-4 inclusive should be approved “eforz start-
ing ths test, the remainder to be answered in thse final report.

1. Why must the motor always revolve in synchronism with the
frequency of the line?

2. . Wkat is meant by a synchronous motor "W curve?

3. Why doss a DC generator, giving currant, form a particularly
convenient lvad for this test? ‘

4. Explain sevaral methods of starting synchronous motors.
5. Discuss the shape of the "V" curves for different loads.
6. Why ars the two sides Qf the curve not symetrical?

Raferencas:

3. & T. pp 139-141.

‘Magnusson pp. 245-260.

Gray Art. 279-288.

¥. & E. Ari. 68-77,

Smith pp. 207-216, 219-227.

Dawes Pp. 305-322.

Karapetof?f . 580 Vol.I; pp« 120-150 VoliIl.
R & T. pp. 258-265. ' :

{d)
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#8-AC DATA SHEFET 41

Station:

D.C. Genarator Synchronous [lotor
Read.| Line | Volts |Tarminal Volis E { Line Amp. I |  Volt
No. | Amp. Const. Ccnstant. ik Amps.
Const.:§ # i ]
) 1213 2.3 [Av. | 1 12 183 | &v.| P=EIV/3
§

i
!
!

+—

4.4

(o3 le v ] [a2] V1R TN BV RE B

¥ O S

bt
(03]
-

\J
=
T . -

Approved

(2)
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$0-4C | DATA SHFET 42
Stations
J : Syncaronous Moter v
- Watts Imput Power Factor | Fld. @ Freq. B
Read. W # Amp. | Const.i Remarks
No.l g i & # o
1 3 |K. 2 jX|Total W/P_|_Road. i No Load
i, 1 P |
2 . ! i
N !
4 3 N
5 %f i
€__, i .< |
rs ¥ ¥ H
' H H H :
£ P
) =
10 !
11l Full Load
12
13
14
15 ]
16 ) :
iy !
i8
16 ! !
x_ !

K = multinlying factor Approved:

(£)



Title:

Date

Connections:

Apnaratus:

Station

Sketch neatly with pe
connactions as a tually

n a
sed 1

Nete nans plate data of all machines used:

#

granvn sheet the
n experingent.

i Y . 1 - -~y :
| dars | Make __Number Type Torm N
} i
) S
- it
.. Volts | Amperes K.W. | H®,5. | TFregquency | OSrpead Phase
|
Instrumints: Neie mak:, nuder, ete., of all metsrs, instrumanis, and
misceilanccus gquirmant used.
Vetar Make | Nuwbsr ;Mcdel | Typs | Rengs Capacity ! - Romarks
. i e
H !
—t. :
-
i
Article Tumber Taseriviica ] Artis
i
H
...._.....%.,,.....
I

(a)




Lxpt.

Title Date

Inspection: This should be made for every experiment performed, defects

noted and corrected whensver possibls.

1. Is there sufficient oil in thz bearings?
2.  Arc the trushes badly worn? Incorrectly set?
3. Is commtator rough or pitted?
4. Doas armaturz twn =asily?
5.  Ars all connections corrsci?
6. Ara couplings or bsli2di connactions proporly made? '
7. Is machinae clear of tools and forsign particles?
8. Hav> your wiring inspsctad and OE'd by instructor
9. Do oil rings turn and provide sufficiznt lubrication aftar machins
{s ruming?
10. Ars thsre any dsafzcetss, and any unusual noisss in the machine after
it is ruming?
1l. Note here ths maximm and minimum currsnt ratings of all the field
rhaostats you usad in ths test. :
No. &Qgg Ragistance Currsnt Rating
L s
Note defscts hare: (Correct them, if possibla)

®
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79~AC YCERQIOUS MOTOR CURRTENT AND POWER-FACTOR CURVES
WITE CONSTAT FXCITATION
Proczdurs:

1. Uss a low-rangs D{ ammeter, a high-rang? DC ammetor and voltmeter,
a high-rang> AC ammisr and voltmeter, two wattmaisrs, a power-factor
indicator and a frogurlney indicator.

2. Synecaronizs th2 motor, chack th? power factor indicator and the
? i}
wattmrter connsctions as in Expt. #3-20 and #8-AC.

3. Adjust the powar factor to 0.8 lagging and kesp the impressed
e.m.f., the frequency and the motor field constant. Take eight sets of
readings of all thas meters for motor loads ranging from zerc to approx-
imataly 125% full load.

4. Repeat (3) aftar adjusting the power factor to 0.8 leading.

Data:
Ta’cmate all obsarvations on & standard data sheet.

Jurves:

Plot on the sams standard shest curves showing the relation between
currants, watts and power-factors as ordinates, and DC watis output as
absc1ssa,e, Follow instructions given in the gensral directions.

Quastions:

Answer thz following in ths final report.

1. TFxplzin with the ravolving vector or circle diagram how, by chang-
ing its phass relation, tha synchronous motor takss incre aseri currervt
whsn .Lt» load is inrcrsasad.

2. TWhat otihsr phenominon combinss with this to take the place of
ths drop in spsad of othsr typss of metors, as a means of increasing the
currant as th? lozd increases?

3. Show by th2 vactor din re;n the effect of inersasing load upon
tihs phas: ralation of line currsnt and velsags.

4. Discuss the bearing of this wmorn ths lording of motors useé to
supcly lecading currsat for th: purposs of improving tha line powesr-factor.

5. By the circls 41 acrr:un, oxprlain th3 suddsn stopping of the motor
whon too muck ovorloaded, and thr effaect of excitation upon the load it
will carry.

Raferences: S & T. pr. 132-135, 141-142.
’ ] Megnusson vp. 260-266.
Gray rt. 279-287, 319-321.
F. & E. Art. 68-88.
Smith Pp. 216-227.
S. & F. Vol.II, No. 87.
Dawss pp 30E-332. ;
Karapztoff v. 580 Vol.I; pp. 120-150 Vol.II.
R. & T. pp. 258-268.

(c)



#9-40

Station:

DATA SHEET #1

85

Rond

DC Gonaraton

Synchronous_{lotor

No.

Lino Wolts Wattis

- AITe.

AL
Xin

i

Ouiput

¥id.

Const.

Torminal Volts &

L
I

Const.

Linc Amps
A

F

i

I

= i Ty~
1-211-313~3
= :

Av.

1

2 13 Av.
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Expt-#

.Diazrar of Connections:

Date

Sketch neatly with pencil on a graph sheet the

connactions as a ztually used in experinment.

Apraratus: Note naws plate data of all machines used:
Station #
Hams Mals Numbper Type Torm N
- ot
Velts ! Amperes K.W. | HT, Freguency ; Spead Phase
i :
f
!
Instrumsnts: Note maka, numhber, etc., ¢f all motere, instrumonts, and
miscellancous oquirmant usad.
Meteri MNaks Nugber | Mcdal Type ! Rangs Capacity Romarks
i
Articles Numozr Dascripticn o




Eipﬁ. Title - Date

Insnection: This should be madse for every experiment performed, defects
noted and corrected whensver possibvle.

1. Is there sufficisnt oil in the bearings?

2. Are the trushes badly worn? Incorrectly sat?

3. Is commtator rbugh or pitted?

4. Do3s armaturz twn 3aéily?

5. Ars all connections corraci?

6. r3 couplings or bsltai connactions properly mads?
7. Is machine clsar of tools and forsign particles?

8. Hava your wiring inspectad and OF'd by instractor

9. Do 01l rings turn and provide sufficisnt lubrication after machinoe
#s ruming?

10. Ars there any defzcte, and any unusual noisss in the machine after
it is rumming?

11. Note hers ths maximm and minimum currsnt ratings of all ths field
rheostats you uszd in ths tast.

gg.‘ ﬁm&» Rasistance Currant Rating
Cbas Vax. | 1.

Note defscts hera: (Correct them, if possibls)

(®)



710-AC ERwICIniCY AND EXTTRIAL CEAPACTERISTIC OF A ROTARY
CONT-RTR

Procedure:

1. Use a low-range DC amveter, a aigh-range DC ammeter and voltmeter,
a hizh-ranze AC au:eter and voltmeter, a powzsr-factor indicator, fraquency
meter and wattmeters. ' ‘

arnd syncharcnize the rotary converiser to a thrse-phase

2. Start
source as follows:
Rafar to.th2 given wiring diagram.

Onen all switches and tias watar rhe
Closs switchas A and B and %ring th
using th2 watar rhsostat.
Cliosz switeh § aftsr converter is rmmning.
Synehroniza ths canvert=r with the AC source providsad.
Cics2 switch D and oman B.
Onzn switch € and ths watsr rhaostat circuit.
Op>n switch A and clos» switech E.
Thz converidar is now r2ady to load by msans o” the water rhsostat.
Chzcir ta» powsr-factor indicator and wattmetsr connectlons as
in Txnt. $3-AC and #8-AC

ostat circuait.
3 convarter up to spe:d,

3. Adjust the field curr:nt until the current input is & minirmm
i

3
at no-lozd, and k3sping this Ti:zld curr=nt, the fraguiney and imprassed
voltzge constant, talke raadings of 311l met2rs for a sarizs of 2ight
valuass of DC ampsrss from zaro to normal ratsd Tull-load currons.

4. Ra3p2at (3) ruaning tas converter single-nhass.

5. Rapzat (3) running ths convsrisr from a six-phase source.

Tahulate all observations on a standard data shens

1. Plot on th3 sams standard sha3t thr officimmey currss for siz-
phas3, thrsa-nhase and 31ﬁg s-phasa op3ration, using afficismeciss in & as
ordinatss and watits outnut as ahsciseas., TFollow instructions sivon in
the gensral dirsctions.

2. Plct cn onotkey shandard shest th2 extsrnal charactaristie for
s, thrisenhass and siizla-nhas: operation, using DC volinzes as
: s



88
#£10-AC
Questions:

Answers to the following questions should be apnroved hefore start-
ing the test; -

1. Discuss tiie various methods of starting a rotarv converter.

2. Discuss tne nessibility of loading —ack on tha d.c. starting
source in waking this tsst. State ths meriss of such a methel and also
ges "

3. Hamre all thz possibls usss for a synchroncus convarier, and
state which one finds most frequsnt application, also whaers i% is uszd
in such a case.

Raferencas:

5. & T. ry. 185-189.
Magnusson rn. 258-290.
Gray Art. 345-354.
F. &F. Art. 75, B4-96.
Smith To. 243-270.
Dawss pr. 342-3784

R. & T. p. 269.

Karapatoff R, 120-183 Vol.II.

(3
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10-AC

Station:

90

i
H

D.C. End

Read
No.

i

Field

Ammp.

Const.

Tolts

Lins | Watts Eff.
Amps. ;  Output % Remarks

=l

H
)

e S e cont it e sl

]
-4

Three-phasse

Singls-phase

QO[N] OH D el -

o

Approved:

(£)




Exps. 4

PR .

. Diagram of

Titles

Connections:

Date

Sketch neatly wisk pencil on a graph sheet the

cennagtions as a stually used in experiment.

Apzaratus: Note names plate data of all machines used:
Station #
Nams Maks Number Type Form o
e
Volts ! Amperaes KW, 1 HP, Frequency | Opead | Phase
, .§, J
'
Instruments: Note make, number, etc., of all motars, instrumonts, and
riscellanccus squirment used.
Meter | Make Nurbsr | Modal Type Ranga Capacity | Romarks
i H
Articla tmbar | Daseription irticie | Trapper | Doscription

(a)



Expt. Title Date

Insnection: This should he made for every experiment performed, defects
noted and corrected whensver possibls.

1. Is there sufficisnt o0il in the bearings?

2. Are the trushse badly worn? Incorrsctly sat?

3. Is commtator réugh or pitted?

4. 'Doas armatur? tuwn 3ésily?

5.  Ars all connections corract?

6. Ar>s couplings or baltad conn3ctions propsrly madse?
7. Is machine clsar of tools and foraign particlas?

8. Havs your wiring‘inspactad and OZ'd by instructor

9. Do o0il rings turn end provide sufficisnt lubrication after machins
4s running?

10. Ars there any dsefzcts, and any unusual nois2s in the machine after
it is running?

11. Note hers the maximus and minimuan currant ratings of all the fisld
rheostats you uszd in ths tast.

No. | Maks Rasistance Currarnt Rating
Obng Max. z lin.

Note defscts here:  (Correct them, if possibls)

®



9l

#11--AC RELATION BRTVEEN D.C. VOLTS AND FIFLD CURRFNT
OF A ROTARY CONVERTER

L

Pro cedure:

1. Us=s the same range instrumsnts and start and synchronize the
convarter as in Exnt. #10-AC.

2. Loa* the converter un to normal rat2d full-load diract current
output, and kes3ping the imnrassad AC terminal volss, tho fraquancy and
th3 direct currsnt line amparas comnstant, vary ths f 2ld strangth of
the eonverter for differant valuss and tak? corrasponding readings of
all the moters. : :

3. Run the convertsr at no-load. Insert the regulating field
into the circult and with its rhsostat contact arm set at a point midway
between the limiting stops, adijust the shunt fisld rheostat for the
value corrssponding to minimum AC line current.

4. ¥=sping the fisld surrent constant at the value obtainsd in (3),
as wall as thes AC terminal voltazs, and fraquency, take riadings of
all matsrs for a seriss of valuss of ragulating field currant varying
frem that givirgmaximur to that giving minimum DC voltage. Do not

permit the commmutator to spark sxcsssivaly.
Datas

Tabulate all cobssrvations on standard data sheet.

Plot on a standard sheet two curves using DC voltages as ordinates
nd shunt field currsnts and regulating field currants as ahscissas.

Fo‘low instru ctions given in the general dirsctions.
Qusstione:

iswer the following gqusstions in the final report:

1. Dr w a dlagrazm, showing the ratiss betwssn the AC voltazs for
singls, thrse, four and six phass convarisr comnschions, and, hence
const Uut at ‘1° showing %ths voltagss raferrad tc ths DC voltage as
witv. Givz 2lso the corr3sponding virtwal alternating currant ratios
in the linss 1 in tze ariraturs conductors.

(c)
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11-AC

Questions contd:

2. ®xplain how thaz voltage ratios ars affected by loading and by
the power-factor.

3. Discuss the sffect of axcitation wpon ths voltage ratios, (a) with
no inductancs batwesan the convarter and th2 AC supply, (b) with inductance.

4. Explain why ths pow:r capacity of ths converter incraascss with
th2 numb3r of phas3e ussd. List the cavacities of singls, two, thrse,
sixz, and twalva-phass convarters in terms of the same machins opcerated
as a d.c. gansrator,

Rzfzrancas:

S. &T. pp. 189-190.
Hagnusson Pp. 268-290.
Gray Art., 245-354.
F. & K. Art. 75, 84-96.
Smith on. 243-270.
Dawsas . 342-376.

R. &T. p. 269.

Karanatoff pp. 120-163 Vol.II.
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£11-AC DATA SHEWT #2

Station:
D.C. Fnd
Sht. | R:g. Volts { Ling Tatts
Readf Fld.; Fld. Arps. Qutput Romarks
No.{ Amp. | Amp. Const, Comst.
# # # L Full
' Load

Varying Sht.Field

Varying Rzg Field

Sht. Field Const.

Y0} (P Py

H .
nlthibicaioo i kojo ot { ool

e
(61}

=]
ojoo]~

AV}
Ol

Approved:

()



Title: Date

" Diagram of Connections:

Sketch neatly witkh pencil on a graph sheet the
comnactions as actually ussed in experiment.
Appvaratus: Note nams plaie data of all machines used:

Station #

Nams Makse Number Type Torm B
M
. Volts [Ampercs KW, | H.T. Fregusncy | opsad Phase
j L. 4 .
!
Instruments: Noie make, number, etc., of all moters, instrumanis, and
miscellanccous 2quirmant usad.
Meter| Maks | Nurber |Modsl | Typs ! Ranga Capacity Romarks
"
b e e s i
B FUE P SN
! ¢
e S
Arvicle Numpar Dascripiion | Articis




Title Date

Ingnection: This shculd be made for every szperimont performed, defects

nocted ard corrected whensver possitla.

Is there sufficient oil iIn the Yearings?

Are th® trushes badly wern? Irncorrectly sat?
Is commtator rough or pittod?

Doas armatur? turmn sasily?

Ars all connections corract?

Arz couplings or b3li2d connactions propoerly made?
Is machins clsar pf tovls and forsign particlés?_‘
Hav> your wiring inspsctad and OF'd by instructor

Do o0il rings turn and »rovide sufficisnt Iubricaticn after machine
is ranning?

Arz therz eanyv dafscts, and any unusval nois:s in the machine after

it is ruming?

P,

Note hors the maximm and miniawm curront ratings of &ll the field
L

rheostats you usad in the 4ast.

W

Currant Rating

No. | waxe

Note defects hera:  (Corract them, if possible)

®
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+12-AC THR?W WIRT GTIERATCOR WITH TIERALANCED LDOAD
Procedurs:

1. Comnmect tne rotary converisr as a three-~wirs gererator with
thres-phase AC supnly and two Hszlancs colls connzcisd to the two-phase
t2ririnels. Refer to connection diagram.

3. Adjust the two receiving circuits of the thrss-wire systam s0
that =ach talkass full-load current, nd aljuet the f£i:1d4 rhsostat of ths
genarator to give its normal voltazs (sum of the voltages across the
01rc“1ts), at the same tims adjus uin; the AC voltaz: =0 that the AC
line current is a minimum (unity powsr factor).

3. Rsiucs th: curr -t taken in circuit A stop by step until it is
zaro, kesping the total volizgs of the gensrator ccnstant, and AC line
currznt at a minimum, and take simultanzous rsadings of the currznt in
each 1insz and tke vo;tage anross »ach circuit of ths svstom.

4. TRepzat (3) reducing the currsnt in circuit R, step by step,
to zzro, the current in circuit A haing zaro.

Data:

Tabulaze all chssrvations anl oinsr data naatly on a standard
data shaqit.
Curves: -

Plot on 2 standard shast two curvas from th2 data cbtainsd in (3),
usirg volis acress circuits A and B s ordinates, ani curraniss o the
A sids as ahscissas. Teollow iustruetions givan in the zensral dirsctions.

Plot similar curves from th3 date ohtainad in (4) using th2 current
on ths B sid>2 as abscissas.

Quaestions:

Answers to guestions 1«7 inclusive: should bz apnrovad hefore shart-
ing the %2s%, thes rezaindsr to w3 answarsd in the firal repors.

1. Fxplain the theory of tha Dobrowolsky tarzs~wir:z gsnerabor.

2. hat ar: ths advaniszis of a thras-wirs svstam as comparad with
toess of a twu-wirs sysism?

3. That is ths ohizey of $ha2 ~3utral wire?

4., Ta2d it B2 ss larss in cross-siction as the outside wiras?

at is the usuval prachica?

€. Waat would Be ke 2ffact of a large whalancad load on i

grston 1f ithe neuiral wire shonld %2 discormactad?



£12-AC

Quastions Lontd.

-~

8. Is it advisable to fuse the

nsusral wire?

oyt

7. State the relative amounts of corner requirad on the two-wire
and thres-wire systexs.

8. Dssgcrins
9. Dsscrinve
10. Dascribve

1. Descrine

12. Nescrihe
use of rhzostats.

Elec.Jour

- Franklin
Lanzsdorf
Magnusson
FO &Ec
Dawss
Rarapstofs
R. & T.

tiie Edison three-wire sysien.

the split-pele thress-wirs generator.

th2 Dettmar thrass-wire generator.

the motor-ganarator halancer and its use.

the mathod of halancing a tarss-wire system hy the

Vol. 10, pn. 600-8%2.
pp. 85-88.

Chap. XI

Chap. XV-XVI
Voi.I, Caap. IX;
pp. 375-373.

pp. 331-335, 506-508, Vol.I

p. 160.

&Y

Vol.I1I, Chap. IX.

op- 120183, Vol.II.

96



L12..AC

97

DATA Ssyemp
Station:
Threa-Tire Ganerator
Amp. ¢ Amp. ! Amp. Tolts Volts { Volts
Readd A : B i (middle A 3 I Total
No. | | main) Const.
; ¥
Anprovad

(e)




Expt.4 - Title: Date

Diagram of Connections: Sketch neatly with pencil on a graph sheet the
‘ connections as actually used in experiment.

Apnaratus; YNote nams plate data of all machines used:

Station 4

Name | llske Number Type Form B
o o ] ot s it
Volts | Armerss X.W. H.P. ;| Frequency Spaad ’?, Phaes

Instruments: Noto make, wumbar, ote., of all meters, instrvmants, and
amiscallansous eguipmant usad. :

lstar | iake | Humbor | Model | Tyoe | Hange | CapAcity | Homerks

o

e e
e oty i
Articls | Humbar | Descriotion. Erticio | Tunter

YN S ¥

(a)



. jmt. Title ' Date

S

Inspsstion: This should he made for every experiment performed, defects
, nocted and corrected whensver possibla.

1. Is there sufficient oil in the dearings?

2. Arc the truches badly worm? neorrectly sat?
‘8. Is commitator rough or pitted?

4. Dozs armatur? twn 3asily?

5. Are all connsctions corract?

6. | r3 couplings or b3lt24 connactions proporly mada?
7. Is machins clear of tools and forsign particles?
8. Hav> your wiring insps3ctsd and OK'd by instrctor

8. Do oil rings turn and nrovide sufficisnt lubrication aftor machine
48 rmaoming?

10.  Arz thsro any dsfrcts, and any unusual nois3s in the machine after
it is runing?

11. Note here ths maximum and minimumn currsnt ratings of all the field
rheostats you usad in ths Lest.

No. | Make Rasistance Currant Ratiug
Ohms Max. Yin.

Note defacts hara:  (Correct them, if possibla)

®
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#13-AC ‘ TRAE»FORHER RATIO AND POLARITY
Procedura:

DC Polarity Method:

1. Tor the DC msthod, use the storags battery and a high-range
DC voltmeter.

2. Refer to the given diagram of connections. Close the switch S
and cornsct the valtmete* to the terminals A and B on the high or
primary side of th2 transformer, so as to deflect in the proper direction.

3. Nota which transformesr terminal is connected to the positive
lead of the volitmeter. Dasignate this torminal as positive.

s 4, Transfar tha voltmater 1l2ads to the terminals on the low or
sacondery sids of tha transformsr, connecting th? A lcad to © and the
B lead to D.

, 5. Opern switch S and note tins dirasction of kick of the voltmeter
neadlz2 at ths instant th2 primery circuit is broken. A positive kick

of th: n32dl2 indicates that the s>condarv torminal comzctad to the
positive 1lsad of th? veltmeter is nagative, and th? other %2rminal is
positive, in other words, adjaceant v_rmlnals A and € will have unlike
ralativs polaritizs, as will also adjacant t2rminals B and D. A nzgative
kick revarsss th2 zbov: designations. Note the polaritiss of the trans-
formars.

AC Polarity fxthod:

1. For ths AC mothod, use a spacial high-range (300V.) AC voltmeter.

2. Comnact one primary terminal B to ons sacondary terminal D.
Excibs the primary winding from a 110 volt AC soures, and measurs the
vo;tage across sach winding, and also across the terminals A and C.
IQ 2 latter voltage is graatsr tharn that across the orimary winding,

he adjacint tsrminals 4 and C, and likewiss 3 and D, have unilike
ve polaritizs, oth3rwiss, the zdjacant terminals have liks
tiss. Dasigrate ths Le*te* you assign to sach terminal.

Ratio Tast:

1. Use twe high-rangs AC voltmeters.

2. Impress across the primary winding 25%¢, 505, 75%, 100% and
125% normal rated voltags, at normal rated fraqusncy, and note the
values of primarv impressesd volis and secondary inducsd volts. Take

at least two sets cof raadings.

(e)
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#13-.AC

Procedurz? Conttd.

3. Rep2at (2) haing intsrchingsd volimeters.

£

1. Usz2 2 high~-rangze and 3 low-range AC volimetsr.

2« Mpnly 110 volts AC
winding, and tak%2 readinzs 2
e}

t normzl ratad fracusncy to tae priscry
the veliage across the windine, nnd also

(a Hy @

hatwosn succassive taps. The sux of the tap voliagss should chacl within
or2 pareant of tha total voltazs appliszd.

3. Raepa:t (2) on tha sccordmrv i s, app lying ths 110 vol%
sourc: to this winding. Th2 sum ’c t2g3s should chnelr within
on3 parcant of ths total voliaz: -upnh:d.

Data:

Tabulzxt2 2ll obvszrvations on o staniard da

rIpragonting ths tr:;qsfor:v "’ind.iny:. ‘Mi i‘::d_i
FS

ta . Drawv diagrams
o%ing the p lariti*s o8

Answers to questions 1-2 inclusive should be aourovad bhzfore start-
ing the tsst, ths remaindsr 6 he answared in the final report.

1. Show what ratics can b2 ohtained with a ‘ransformer, having two
orimary and two secondary coils, there heing in all ten timss as many
primary as szcordary turns

siznzd for 1000 volts and 10 amperaes,

. If sach primary coil d3s
transformer be used, what secondary
4.

P 3
i~ L
on whay primary voltaz:as can ti
foyg
ng

is
5 hs
voltagaes can ©2 obtained, and whai will »3 the p*'i*r.a:“; and secondarv
currsnts and powsrs tr:msm 134 in zach cas2? Nexlaecet lossss. lake a

tabular statzzent.

-

tvy ars the sare in

3. If tha langth of turrn arnd ths curra:nt densi
: rasistancs in & tin-to-one

hotl coils, what will %2 the ralation cof thv
*r .nsformsr

4. What will 2 th> ralation of watts lost in thz two coils?

5. What will D8 th2 ratio of ths volts lost by the rosistence in
tha two coils?

(2)
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£13-AC

vaestions, Conttd.

6. T51l now to test thz polarity of twe traasformars which ars
to h2 connscted in parallisl by ths use of a %2st lamp or light fuse wirs.

Heferences:

Magnusson pr. 131-134, 150-158.

Gray Art. 302-308.
7. & E. Art. 97-113.
Smith pr. 101-156.
Collins pp. 175-179.
Dawes Pp.1172-224.

Karapstoff pp. 466-531, Vol.I; pp. 1-118, Vol.II.

(e}
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#+13-AC DATA SERET
Station
! Polarity Test (o Check on Taps
MMerm. | D.C. - AGC ¥athod I Tap | Imprest % of
! o Pol'ty! Term {Pollty | Volis & Tapd Volts| Volts |Winding
g 4 ‘Desizn I8 TCH | AC o #
1 i 13
i & 2-3
5 3-4
8 5-6
9 67
11 7-8
12 Sum.
1 9-1
10-11
12-13
13-14
Sum.
Ratio Test.
Term. Imprast & Induced Volts
Nos. & 4 Remarks
5% | 50% | 755 11005 | 1257
1-8 | Meter 3
1-8
1-8 Mater o
1-8
Avse.
9-14 ster # i
g-14
9-14 Meter #
9-14 |
Ave.
Ratio |
Approved:




Expt.-# !

Date

Dizgram of Cornectione: 3Skstch meatly with mencil on & granh sheet the
: cornactions as atually used in sxperiument.

Avvaratis:
bt e . . et - e et

Note name plais data of nachines used:

Station # ‘
{ Y Py R v -
- _Namz i Meke i Nurher Twpe Form
- | "
E ] | -
1
b -
Velts !Ampercs | R.W. | H.D. Traqusney | Spead Phase
| {
|
S
T
b resme e -
i

Instrumants:

Note mako, nuxher, ete., of all me%ers, instrumnsnts, and

miscellancous zquirmant usad.

Meter) Make Nuxber | Hodel Tyra Rango Capacity | Romarks
s i e e o o . s e < e b
: : ;
s s
!
-
e
! ? ' :
Article NUmo 2T Doscrivtion ‘ i
i i

S S
L s o e e s

(a)



Title Date

Inspection: This should be made for every expariment performed, defects

Nota dsfects hera:

mnotrd and correacted whenaver possibvla.
Is there sufficiont oil in the beasings?

Arevtha brushee badly chn? Ircorractly s=t?
Ie commtator rough or pitted?

Doas armatur?’ twn sasily?

Are all connoctioﬁs corract?

Ar> couplings or ubaihi connzctions properly madat?
Is machina clear of touls end forsign particies?
vy your wiring inspsctzd and OK'd by inetructor

Do oil rings turn and vrovide sufficisnt lubricaticn aftser machino
“is runnirg? .

Ar3 thars any def2ctg, and sny unusvel noissze in the machine after

N A 2 >
it i3 rumming?

e

Note hers the mezimm and minimmm currsn? ratings of all the field
rheostats you us2d in the tash. '

¥a. Rzelstancs urramt Roting
Onms Mrx. 1in.
3 A0 b STy

§ STVUNE JHUNI OSRGOS |

(Corract them,

(1) |
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1400 TRANSFORMER CORE TOSSES

Procedure: ’ :

This experiment and Expt. #15-AC should e performed on the same trans-
former.

1. Connect the low-voltaze winding of ths transformer in conjunction
with properly orctectzd meters and linz swiitch to an alternator. Dstermine
rroper mater ratings from the transformar name-plat> and test rcecquirements,
end ohsarva avery possiblz precaution so as not to sxcesd tha current ratings
of ammetsrs and ssp2cially wattmaters to p;ﬁv‘nu ovirhsating or hurning them
out. Whan opaning or closing the lin? switch always bg sure all voltmeter
and wattmotar notantial circults are cpan.

2. Keeping the impressed voltage constant at normael rated value, take
readings of all meters for fraqusncies of 0, 40, 50, 60, and 70 cyclies. In
reading amzsters all volimeter and wat treter potentlal svithes should be
open, as the currant taken by these affoct the readings. Likawise in reading
wattmaters, 211 voltmster switch:s should be open.

3. K°301n° the fraquency constant at normal rated value, taks roadings
of all m2ters for impress3d voltages of C, 50, 75, 100, 125 and 150 volts.
Observe same prscautions with notantial switches as in (2).

4. Datermine the rasistance of the ssparats coils of each winding by
thz voltage drop 13th0d using a low voltage d.c. source and sultable metars.

Date:
Tabulate all obscervations on a standard data sheet.

Curves:

Plot on a standard shest ths curves of watts, amperes and powsr-factors
as ordinates with impressad volts as abscissas. gollow instructions given in
ths ganeral dirsctions.

On a sacond shest plot corrasponding curvss using fraquencizs as abscissae.
Quastions:

Answars to quistions 1-2 inclusivz should b sporoved before starting
tha tsst, the remainder Yo be answerad in the final report.

1. What will hapven if a transformsr coil is used on a voltage much
hizher than that for which it was designed, and why?

2. Why is it usually preferable to make connections to the low tension
rather than the high tension side for this test?

3. Using your data commars the lossss and henece the heating of a 2200-
volt, 60 cycls, transformsr opzrating a% ths following voltages and frequencies:
ZOOO-volts, 50 cycles; 2200-volts, 60 cyclss; 2200-volts, 50 cvclas; 2300-
volts, 50 cycles; 23CO-volts, 60 cycles.

4. Discuss the nractice of operating standard 60 cycle apparatus on
the mains of the %unlcipal Light Plant.

5. Tarulate repr2esntative cors lossas, copner losses and efficiancias
of modsrn dlst*xbu*ion trarsformbrs of the following KVA ratings: 1, S, 7.5,
10, 20, 30 and 50.

Referencas: 5. & T. op. 148-149 T & 7. Art. 97-122.
Magnusson pp. 131-1863. Sweith pp- 101-158.
Gray -Art. 289-308 Collins p. 180
Std. Hdbk. Dawes pp. 172-224.
R. &T. PR 199-223 Karapetoff pp. 466-531 Vol.lI.

pp. 1-118 Vol.II.
(e)
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Station:

ATA SHEET

103

Freq. {Volts i Amp.; Watts | Volt ! Power Copper Core
# A 1, w Arp. | Fastor Loss Loss
# s # L W/x1 Rn12 F-r"I°
f Rezd (X iCorract
]

B

K = ¥ultiplying Factor

+ha

vadls

R is

corzbination used.

calculated resistancs of the low-voltaze series or parallsl

Transformar Resistance

Primary (aigh side Coil #1 Secondary (low side) coil #1
Volfs F‘ Amos Hes. Velts Amp. Res.
FiA i ;l;: B(l # ﬁ!;‘ R“l
i
Av Av.
Coil 32 Coil 42
Volts Arp. Res. - Volts | Amp. Res.
# Ii R‘z 7}‘:‘ # Bﬂg
f y-30n a7
Approvads

(a)




Expt.# Title: Date

b
3
o
3
Q
Py
—t
Q

Disgram of Connectionsg: Skebteh neatly wis & grapn sheet the
' i B8

n exneriment.

Arvaratis: Note nawme plate data of all machines used:

Station #

| Name | Make | Numher T-pe Torm i
- i —

Velts 'Ampercs | X.W. | H.P. |  TFresquency | Spesd Phase

l

i

Instrumints: Note make, nurher, ete., of all moters, instrumants, and
miscellanccus 2quirment usad.

Metor | Nake Number | Model Type Range Capacilty Romarks

e f
R 1 et < e Ayt oy e - o 3 A i B Y }
it S o o b e b et 4 .;3 e ».-.....«_..._"«;
ArzicTe Numoer Doscription ! Doaseription |
;
-4
1
H
t
+ i
! ! . i

(a)



Expt. Title - , Date

Inspection: This shculd he made for every experiment performed, defects
‘ noted and corrected whenever possibla.

1. Is there sufficient oil in th» bearings?

2. Are the trushes badly worn? Incorrsctly seot?
. Is commtator rough or pitted?__ |

4. Doéé armaturs tuwn sasily?

5. Ars all connoctions corract?

6. Ar> couplings or b3lt2d connzsctions proporly madse?
7. Is machina clear of toole end forsign particies?
8. Hav: your wiring inspsctad and OFK'd by insitructor

9. Do oil rings turn and provide sufficisnt lubrication aftsr machina
4s running?

10. Ars theors any def2cte, and any unusval nois:a in the machine after
it is running?

11. Notes here ths mazimm and minimum currant ratings of all the field
rhezostats you usad in the tasi.

No. | Maks Essistance Currsnt Rating
‘ Obms Max. Min.

Note defzcts hars:  (Correct tham, if possibla)

®)
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#15-AC TRANSFORMIR COPPER LOSSES, IVMPEDANCE AND REGULATION

Procedure:

This experiment should be performad on the same transformer used
for Expt. #14-AC. If this transformer is not available that part of
#14-AC nzcessary for this test should be repeated.

transformor in cenjunc-

1. Comnect the high-voltage winding of the
switeh te an alternator.

tion with propsrly prciected meters arni lin2
hort-circuit the low-voltaze winding through a su itable ammater.
Dotermina ths proner meter ratinzs from the transformsr name-nlate and
test réquirsments. Ths voltage of ths altsrnator should b2 raducead to
at lsast six volts before closing the line switch, otharwiss, the current
in the transformar and the mztars may b2 exv,sbmv= and burn +hﬁm out.
Cossrva 3vary vnessibls nracaution so as not to excsed the current ratings
i wors end esns -1a1¢" wattmaters to n“evert overhoeting or burning mgzgf

tl
circuits should %2 op2n whon opening or ¢losinz the linc

2. Adjust the spnai of thae enerator to giva the rataed frequancy
of tkhe transformar under test and taite raaiings of all ",ters for a
sarizs of apvlied volta;as from thz smaliast vossibla {at least six
volts) to that giving ths normal rated (ealculated for the particular

comnection, if n2 cessary) currant in th? transformsr windings. Obsarve
pracauvtions ragarding metsr r2adings as given in (2) of Fxpt. #14-AC.

Tabulatz all observations on a standard dafa shost.

Curves:

Plot on a standard shsst curves using wattmster rzadings and cal-
culatad copner losses as ordinates and ampsres as ghscissas. TILesiznate
ha load lossss. Foellow instructions given in the general directions.

5 D

(

Cusstions:

oy

rs to gquastions 1-6 ineclusivs ¢
2 final renort.

e ould %
ing th2 test, the remainder to be answar ¥,

o 2 apnroved hafore start-
4 in tha
1. Definz regulation as ap»lizd to a transformsr.

2. Discuss tae relations of the primary and s:acondarv rasistances,
as ba ed on the turn ratio.

3. What is meant By "lcad lossas® in & transformor?

4. Fxplain equivalant resissanc? an

s
]
ju]
|
[¢]
ct
s
5
l¢]
®
]

5. Explain effactive resistancs and reactance.

(e)
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”

#15-A0

Quastions cont'4d.

8. VWhy is it usually prafsrabla to make connzcetions to the high-
tension rath2r than th2 low-tonsion sid: for this tost?

7. Calculate the efficiency at normal voltage, unity powsr-factor
and loads of C, 1/4, 1/2, 3/4, 1, and 1 1/4 times normal. 1lake a
tabular staseisnt and plot curve.

8. (Calculate the averagse value of impsdance and determine the
rezulation at full-load for unity and for 0.7 power-factor, using the
thod of the A.I.E.%. Standardization Rulss.

)
2
me

Rafersancas:
S. & T. p. 140-152
Yagnusson pp. 115-163.
Grav Art. 289-308.
¥. & E. Ars, 97-122.
Smith pp. 101-156.
Collins p. 1890
Std.Hdbk Stand. ,Rulss.
Dawes pp. 172-224.
Karapetoff po. 465-531, Vol.I; pp. 1-118, Vol.II.
R. & T. pp. 199-223.

()
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f15-aC ‘ DAT. SHEET
Station:
Treq. Volts! Amps Watts i i ., | Cop. i Load | Irmp.
Constd TP ! It w Amp | R'I'®| R"I" ! Loss |Loss | 2
F 4 & in Tot.
| Read K |Corract
L
a T

%

1 1

K = Multivlying Tactor

Rt is the calculatad rssisiance of ths high-voltage ssriss or parallel
combination uszd.

R" is the calculated rasistance of ths low-voltags seriss or parallel
corbination usszd.

Approvad:

(e)



Expt.#

Diagram of Connections:

Title:

Date

Avvaratuas:

Station #

Sketch neatly with pencil on a graph sheet the

connactions as actually used in experiment.

Note name plate data of all machines used:

Nams HMake Nurber Type Form B
e
Vclts | Ammeras X.W. | H,D. | TFrequancy | GOnead Phase
; i
i
Insgtrumsnts: Nete maks, numwhsr, ete., of all meters, instrumants, and
misecellan~cus 2gquinmant used.
Meter i lake Number | Model Type Rangae Capacity Romarks
i
{
K I < !
Arzicle Numoar Dascription

(a)



Title : ) : Date

Lrmt.

Insrection: This shcould he made for every experiment performed, defects
‘ not2d and corrected whensver possibla. ‘

1. Is there sufficient oil in thes bvearings?

2.  Arc the trushse badly worn? Incorrsctly sot?

Z. Is commmtator rough or pitted?

4. Doas armaturs turn sasily?

5. Ars all comnections corract?

6.  Ar: couplings or b2lt24 conniactions proporly made?
7. Is machina clear of tools and forsign particlss?
8. Hav> your wiring inspsctad and OF.'d by instracter

9. Do oil rings turm and nrovide sufficisnt lubrication after machins
4s rumning?

10. Ar> there any def2cte, and any unusual nois3s in the machine after
it is runmring?

1l. Note hers ths mazimm and minimum currsnt ravings of all the field
rhzostats you us2d in ths test.

No. | Make R3sistance Currsnt Ratiag
Ohns Vax. Ifin.

Note defacts hers:  (Correct them, if possible)

®
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16-AC WATT-HOUR METER CALIBRATLON
. Procedures:.

1. Test by the indicating instrument method, a wat t-hour meter
at loads ranging from zero to normal rated value of the meter. Include
readings for "creep" also, if there is any. In making connections
include & line switch and properly protect all meters.

Data:

Tabulate all observations and other data neatly on a standard
data sheet.

Curve:
Plot a curve showing the relation between the correct energy as
obtained by the indiecating instruments as ordinates, and the values

Oobtained from the meter as abscissae. Follow instructions given in the
general directions.

Guestions:

Answers to questions 1-7 inclusive should be approved before start-
ing the test, the remainder to be answered in the final report.

1. ZIxplain the difference between power and energy and their units.

2. What is meant by (a) the test constant; (b) the watt-hour
constant; (c) the watt-second constant; (d) the register constant?

3+ Give detailed directions for obtaining the constants of a meter
at different loads. Show how to adjust the meter to the correct test
constant.

‘4. %What would be the result if friection were not compensated for?
Explain how this compensation is accomplished and adjusted. What
happens if there is over compensation?

5. Explain the construction and operation of the Sangsmo meter.

6. Explain the action of the induction type of watt-hour meter.

7. ZExplain why meters of the commutator and Sangamo types can be
used on alternating current circuits.

8. Explain the phasec angle or power-factor compensstion.

(c)



#16~AC Questions contd.

9. Show how pélyphase meters are constructed.

10. Discuss the rotating stondard, and the calibrated resistance
methods of watthour meter testinge.

References:

Electrical lMeterman's Hondbook.

Trade Circulars.

Jonsky "Electrical Meters'.
. Shepard & Jones "The Watt-Hour leter".
Dawes pp. 51-75

Karapetoff pp. 36-171, Vol. 1

(a)
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#16-AC . ' DATA ST

Station:
Observed ’ Calculated
T Wetthouwr Moter " Stand. Vatts ,Yclt Metar | @
ot ] : |
% Volts | Amm. |# A, 9.atts ; Accur-
Disc.] Seconds] Test.| , Read | X; Cors 'SR/Sf acy
Rev S Const. | + rect
R4 Ks | 1
: i
1
1 .
} .
1
H
i

X = Multiplying Factor.

Approved:

(e)




Expt.# " Title:__ Date

Diagram of Connections: Sketch neatly with pencil on a greph sheet the
: connections as acztually used in experiment.

Apvaratus: Note nams plate data of all machines used:

Station #

Nome | Make | Nurder Type Form

i v

Volts | Amperoas X.W. | H.?. | TFrequency Svead Phase

Instruments: Note maks, nuwher, ete., of all meters, instrumants, and
_ L] ? 7 H )
miscellanccus squipmani usad.

Meter Make Nurber | Modal Type Ranga Capacity | Tomarks

.

Article Numoar Dsscription

(a)



‘Expt.

Title ' Date

Inspection: This should be made for every experiment performed, defects

10.

11.

Note

noted and corrected whensver possible.

Is thers sufficient o0il in the bearings?

Are the brushee badly worn? Incorrectly sat?

Is commtator rough or pittad?__

Doas armatur3: turn sasily?

Aré all connections corract?

Ars couplings or b21lt3d connactions propvorly mada?
Is machine clsar of tools and forsign particies?

Havo your wiring inspactzd and 0K'd by instructor

Do oil rings turn and provide sufficisnt lubrication after machins
is ruming?

Ars thare any def2cts, and any unusual noisss in the machine after
it is running? '

Nots here ths maximum and minimum currsnt ratings of all the field
rheostats you uszd in the fagt.

No. | Make Basisftance Currant Rating
Chms Max. Min.

defects here:  (Corrsct tham, if possible)

®
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#17-AC BOOST & LOVER TEST ON A INDUCTION RWGULATOR

Procedure:

1. Turn the hand-wh 2l of the regulator, aftsr blocking the brake
cnen until one of the limit switches Jjust omens. Connect the primary
leads (A,B,C) through line switches to the 110V A.C. source and take
readings of voltage betwson sach of the primarv linss (A,B,C) and sach of
ths sacondary linss (A',B',C') for a series of positions of ths regulator
Evav sector ranging from ths opan position of ons limit switch to that

the othar. Do not allow the segment to travel beyond the point where
it Just ovens the limit switch.

2. Connect the regulator, together with its primary relay and
resistance, according to the wiring diagrams on the blus-print provided
with the test. Operate the primary rslay by hand to change the voltage.
Than relsasé the contact lever and obssrve the action of the relay in
correcting the voltags. Record what you observe

Tast the limit switches by allowing the segment to move until it
opens one of the limit switches and the motor stops. If the motor fails
to stop when ths limit switch ovmens, null the line switches immediately
to pravent ovsr-iravzl and braking of the switch.

3. Conmect a water rhaostat to ths load side of the rsagulator across
the same phase to which you have connectad th: ralay, and observe the
action ef thz relay and rogulator as the load is thrown on or off.

Record what you obssarve.

r

Data:

Tabulate all obssrvations and other data nsatly on a standard data
sheat.

Curves:

Plot the regulator characteristic curve on a standard sheet, using
secondary volts as ordinates and positions of the rotating segment as
abscissas. Draw also the line representing the voltage which is held
censtant by the regulator in normal operation. Follow instructions
given in the gensral directions.

Quastions:

Answers to questions 1-2 inclusive should “e aporoved befors start-
ing the test, the remainder to be answered in the final report.

1. Discuss the thecry and operation of an induction regulator.

2. State and discuss some of the applications of induction regulators.

3. Explain the operation of the primary relay.

References: Collins Pp. 224-225
: - Westinghouse 5137-B
Regulator Wiring Diagrams.
Dawes pp. 275-278.

(e}
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- freAc ~ DATA SHEFT

Station:
r- - :
Hard Volts
Theal #
Turn Primary ] gecondary
Te. | AB U EC T 8- 1 Av i AU-B1 i A'-3U 1 BI=C! Av.
! 1 f
+ T
-
}
! X i
I i
-
i ;
i i
! i .
e
]

Apvnroved:

(a)



Expt.# ~ Title: 7 Date

Diagram of Connections: Sketch neatly with pencil on a grapn sheet the
‘ connactions as actually used in experiment.

Avparatus: Note nawms plaie data of all machines used:

Name | Make Numboer Type Form

=

Volts | Armeras ¥.W. | H.2. | Frequency | oSpesd bhase

i
i

Instruments: Noite maks, numhar, etc., of all moters, insirumants, and
miscellancous squivment usad.

Metar | Maks Numbsr | Modal Tyoe Rango Capacity | Domarks

v

i

X
Article umpar Déescerirtion




" Eipt.  Title | Date

InanevtiJn- This shoald be made for every experiment performed, defects
noc*d and co"reﬁted whenaver possible.

1. Is there SufflCient 0il in the dbearings?

2. Are th® brushes badly worn? Incorrectly sot?
3. Is commtator rough or pitted?

4. DOéé armaturs twn zsasily?

5. Aie all connactions corract?

B. | Arz couplings or b21t2d connactions proporly made?
7. Is machine clear of tools and foroign particles?

8. Have your wiring inspsctad and OK'd by instructor

9. Do 0il rings turn and provide sufficient lubricaticn after machine
is running?

10. Ars thers any deficts, and any unusual nois3s in the machine afier
it is rumning?

11. Note hers the maximum and minimum currsnt ratings of all the fisld
rheostats you uszd in ths 42s8t.

No. | Make Hosistance Currant. Rating
Cuns Max. in.

Note defects here:  {Correct tham, if possible)

®
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<

(#18~AC CUJRVE TRACIHG WITH TEF OSCITLOGRAPH
Procedure:.

‘ 1. Using the optical method, cbtain voltage and current curves of
a svnchronous motor under the following conditions:

(a) Field excited for unity power factor.
(») Field undsr-sxcited.

(c) 7i

is1d over-excitad.
Connsct the motor windings Y and take voltaz: msasursments from
line to nzutral using tazs line in which the current curvs is taken.
In each case maasurs th2 powsr input with wattmeters and calculatas tha
power factor. Chack the rassults with a powar-Tacior meier and also
with th3 curvses.

tzf tx}

2. Obtain curvas of a transformar undsr the following conditions:

(a) Wita sacondarv on opa: circul’ ontain the curvas of primary
voltag2 and currsnt and sscondary volt=zs.

(b) Wit: sacordary loadsd non-inductively ohtain curvas of
prirary and sscondary voltaze and curr:at.

(c) With s3condary conn:ctad to ths vnrimary of a sacond trans-
former (sscondary of s>cond transformsr on opin circnit) ohtain curves
of primary and sz2condary voltagzs and currant.

(d) With the sscondary of ta2 s3cond transformar loadsd non-
inductivaly, obtain curvss =s in (c).

Cusctions:

Answers to questions 1-4 inclusive should »2 apnroved bhefors start-
inz the test, the ramainder to be answarsd in the final renort.

N

Yhy must the moving parts cf an

le3

scillogrann »e very light in
2. Explain with a diagras, ths moving coil or Duddall t-me of
oscillograph.
3. Also the iron-sirin or Blondsl tyms.
4. Also th3 hos-wire or Irwin typs.

5. Descrihe all thz ssssntial featurss of th2 General Tleciric
oscillicgraphn. :

6. Descrids all thes sssantial fsaturss of the Westinghouse cscillo-
g raph B
o



18-A0

i

Quastions, cont'd.

7. TExplain the rssults of procadure (1).

8. TFExplain the results of procadure (2).

2s]
(64

farsnees:

Edgscumhe
Std.Hibk.
Fostsr
Tr.Circ.
Magnugson
Dawszs
Karavatoff

ct. 3, 261-270.
p. 50-54.
G.T. & othaers,
Chap. VIII
pp. 72-75.

po. 210-228, Vol.Il.

>l o B¢ ol

». 169-179.

(a)
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Expt.#

Diagram of Connections:

Title:

Date

Sketch neatly with p

encil on a graph sheet the

connactions as actually used in experiment.

Apnaratus: Note nams plate data of all machines used:
Station #
Name Make Nuzber Type Form .
Volts | Arperas X.W. H.P. Fraquency | Spesd Phaso
{
Instrumants: Note maks, mmbser, etc., of all meters, instruments, and
miscellanccus 2quipment ussd.
Meter| Make Nurber | Model Type Rengs Capacity Remaris |
i
e
—
e e
i , -
Article Humbar Doscrintion Articia | Thuthor Dageription
L i e
! ! :
R N ﬂ
! ¢ i !
B — P o e e e
i { i



- Expt. __Title , Date

Inspection:vThis should be made for every experiment performed, defects
not2d and corrected whenaver possibls.

1. 1Is thers sufficient oil in the bearings?

2. Are the brushes badly worn? Incorrsctly sat?

3. Is commtator rough or pitted?

4. Doa3s arratur: tun 2asily?

5. Are all connections corract?

8. Aras couplings or b21lt2d connactions proporly mada?
7. Is machine claar of tools and forsign particlos?
8. Havs your wiring inspsctad and OK'd by instructor

9. Do oil rings turn and provide sufficiznt lubricaticn after machine
is running?

10. Ar> thers any defz2cte, and any unusual noisze in the machine after
it is running?

11. TNote hare ths maximum and minimun currsnt ratings of all the fisld
rheostats you us:d in ths Y2s8b.

No. | Make Roasistance Currant Rating
Cans Max. Min.

Note defects here:  (Corract them, if possible)

®
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#£19--AC TRANSTORMFR CONNT.CTIONS
Proczdurs:

§a§ Thr2e. to Two-Phase Transformation

Using ta2 Sc¢ 1acticn conmact two Sranstormars through lina
switchzas 0 a2 thre2-phass sourc2 so as Lo ovtain a two-phLase source on ths
szcondary sids. ﬁeasurz and racord all voltagss on hoth tha thrae-phass

s G
w o
o
1
Q
S
) i
3
W

{b} Two t0 Six-phas2 Trans“»ormations

Using the connactions of (a) to supnly ths two-phase sourcs, connszct
up twe othzr transformars aceording to Fig. 311, p. 284, “uyruSaon orit-
ting th:s nsutral. Connect the high and low sidas in such a manmer that
th2 six-phass voltazes can »2 msasured. IMlasure ani rscord the voltags
across 2acn of *th? six phasss, arnd alse, as a chack, measurc the diamstrical
2nd ths dzlta voltages. Show and 2xplain all th2 comnz3ctiouns in tha rapori.

Data:

Tabulzta all data noatly on a standard data shazt. Draw connschtion
and topographic victor diagrams for 2:ch casa.

uestions:

Answars to quistions 1-5 inclusiva should be approvaed hafore siart-
ing th: tast.

-

1. T¥xplain ths thzory of transforming thros-phass nower using only
two transformsrs. What is the princival use of this combination?

2. Discuss tiae T-connactions of two transforwers somatimas used on
thrse-phase circviis.

3. Discuss the Scoti system
and vice versa.

y

or transforming from two to three-phass

4. Discuss the methods of transforming from two to six-phase, from
three to six-vhase, and from thres to twalva-phass.

5. Discuss the use of the ziz-zag transformer connections for a
three-wire rotary converter.

Referances:
S. & 7. pp. 167-171.
Smith pp- 155-155.
G.E. Rev. Tol. 19, pp. 255-258.
Hagnusson »u. 150-160.
Dawsas p. 211.
Xarapstof® pp. 466-531, Vol.I; opp. 68-118,Vol.II.
R. & T. vo. 217-223.

(c)



Expt.# {,

Title:

Date

(a)

Diagram of Connections: Sketch neatly with pencil on a graph sheet the
: connactions as actually used in experiment.
Avparatus: Note mnams plaits data of all machines uged:
Station #
Name ; Make Number Type Form !
ey
Volts | Armeras X.W. | H,P. | TFraquency | Spesd Phase
Instruments: Necis maka, numhor, ete., of all meters, insirumsnis, and
miscellan~cus =zquipment used.
Meter | lake Nurber | Model Tyna Rango Capacity Temarks |
}
4
N
....... ——e .
‘ _ ! L .
Arzicls Numbar Doscrintion ; :
{ -
| R T
——— -r}._..‘ et e S s 2 e 80 S s e s
t



" Zxpt. mitle " Date

Insnection: This should be made for every experiment performed, defects
: noted and correscted whensver possible.

1.  Is thers sufficient oil in ths bearirgs?

o. Are the brushes badliy worn? Incorrectly sot?
3. Ie commtator rough or pltted?

4. Doas armatur: turn zasily?

5. Ars all connsctions corract?

8. Ara couplings or .beltei conn3sctions properly mada?

7. Is maching clear of tools and forsign particlss?

8. Havs your wiring inspsctsd and OE'd by instractor

9, Do o0il rings turn and provide sufficient lubrication aftsr machino
is running?

10. Ars therz any def2cts, and any uanusual nolsss in the mechine after
it is rumming? ‘

11. Note hore the maximum and minimum curront ratings of all the field
rheostats you us3d in ths Last.

No. | Make Rasistance Currsnt Rating
Cam: Max. z in.

Note defacts here:  (Corrsct tham, if possibla)

()
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#20--AC TRANSTORMY® CONNWCTIONS. Y-DELTA & DWLTA-Y

Procedurs:

'{. Y-Delta, Y-Delta

1. QCcnnsct the primaries of sach of two banks of thres transformers
I their secordariss in d=lta.

e

«

<7
i an

2. Conn=ct the Y-connectel primariss »f the two hanks in parallel
tc a 110-volt, 3-phass supvly.

lta-connsctad sscondary of #1 bank with

ct an apa2x of the da
ct3d s:condary of #£2 bank.

2 d
the dslta-conns 3

an apsx o t3d s

4. Mecasurzs and rzcord thz primary and ssconiary voltasze across each
nhase, across 22ch transformar snd also betwasn the remaining non-connzetad
op3x2s ¢f ti3 d3lta-connz3cizd ssconinrtes of hoth hanks.

5. 1If ths voltzss batwsen an apex of onz bHank and that of another
is z2ro tnesa twe peints may b3 connsctad. It is then nscaessary howasvar
to acain clizck ths velitazs »itwiIsn the two remaining ap2x2s brfors thos?
may b2 connictad, ERzeerd tkis woltags. If it is now zero, th? two apaxes

may b2 connzctli and tha two banks may b3 parallalad, othirwisz thiy may not.

ot W

I. D21ta-dzlta, Y-Dalta.

2

QO

ondary of onz bank in dalta; the
ondary dz2lta. Choose th? propsr

1. Commzet botia the primary and
7 S o]
os s0 taat the sidss to H

s
primary of ths s:cond hank Y and its sz
nurhar of turns znd transformation rati

38

G

-

parzlizlsd hav: ths same veltaze valus

2. F®ollow instructions 3-3 of

v
v)
W
by
ot
[ )
«

ITI. D=lta-Y, Y-Dslts.

1. Comn2ct the primary of ths first hank dalta, and its s3condary
Y; also, comn2ct the primary of ta2 sacord hank ¥ and its sccondary
d2lta. Choos2 Lk prop?r mudir of turns and transformation ratios so
that ths sidss t¢ b2 parallsled havy the same veliazs valusls.

2. Tollow instructions 3-5 of Part I.
Data:

Tabulate all observations nealy on standari data shest. Draw to
scale on standard curva napsr ths vector and connsction diagrams illws-
trating the =xisting conditions in noth primarv and szcondary of each
transformar hark for sach of the thres above connections. Use designations
similar to thos2z on np. 447-457 of thaa Journal of Flactricity, Powsr & Gas
of Nov. 11, 1811. 1In the report show why ths two banks can or cannot he
paralleled and explain the diagrams.

(c)
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T.’.o C .

!

Qu=stions:

1. Diagram the fouvr mathods by which the primarizs and the secon-
daries of thr32 traunsformsrs can »e comhinad for threa-phase transforma-
tion, and explain the voltazs ratio obizinad frem sach, in Serms of *he
tvrn ratio.

2. Discuss th2 rilasivs advantagaes of the diffesrsnt commections

3. Diszuss the advantagss 2nd disadvantagss of thrsa-phass Srans-
formars as comparad to thres singls-phass transformirs usad for th2 ea
ing ¢

]
purposs. Discuss th3 matheds of winding and cornzching
sh21l-typ> thres-ph2s2 transformars

v

Refarancas:

J 1l=c. Nov. 11, 1911, pp. 447-457.
&.E. Bav. Vel. XXIIT #5, May 1920, p. 374-385, Also April 1918
and Nctobar 1208.

Tlzc. Worldi  Novomboar 11, 1908.

Dawzs vp. 172-224.

Karanstoff pp. 466-531, Vol.I; »p. 71-118 Vol.II.
. & T. Po- 9.]7 9,,;,.

(2



Date

neatly with pencil on a graph sheet the
]

spnaratus: Note nams plats data of all machines used:

Station #

zebions as actually used in experiment.

Mams laks Number Type Form a
Volts ! lrneraes X.We +  H.P, Freguancy Spaed Phasse
; i
i !
i
Instramsnts: Nete maks, number, ste., of all meters, instrumoants, and
piscellanzous squipmsnt vasd.
Uster) Maks | Nuzber [Modsl | Typs 1 Range Capacity Romarks
E
1 _
e e e B
:‘ e L Ay 83
} ;

-

i ‘ R e TR
i !

Article ™| Numbsr | boserintion ArticiaT T Thuier | Doscriniion
i .
' ot
! o
! ,g j . " ..i
,....fi.._ nan 4.4._.»«;*-“‘*0'-—"”"'“‘;




 Expt. mitle, | | | Date

Inspection: This should he made for every experiment performed, defects
noted and corrected whenasver possible.

1. Is therc sufficisnt oil in the bearings?

2. Arz the brushss badly worn? Incorrectly sa2t?

3. | Ie commutator rough or pitted?

4. Doas armaturz turn 2asily?

b. Ars all comnsctions corract?

e. Ar2 couplings or v2lt2d comnactions properly mads?
7. Is machina clsar of tools and forsign particlss?
8. Hav> your wiring inspzctad and OF'd by instructor

9. Do 0il rings turn and provide sufficieont lubrication after machina
is running?

10. Ars thers any def2cts, and any anusual nois3s in the machine after
it is rwaning?

11. Note hare the maximum and minimum currant ratings of all the field
rhzostats you us3d in the tast.

No. | Make Rasistance Current Rating

i
Cams Max. ! iin.

et

i
H

SO o

Note defzcts hars: (Correct th2m, if possible)

)
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22740 EFTECT OF I3 'BA,,ANrm LOADS OF TRAVSFORMER BANKS

Cormect three single-phase transformers star-delta as shown in the
diagram which will te furnished.

Take readings of currents in liines X, ¥, Z, X', Y', Z2', in each
vhase vinding of th delta, and in loal rhsostat circuits A, B, C; also
vcl a»es natwaen N- k, , N-Z, N-XI, Y-XI, 2-XI, X-Y, X-Z, Y-Z, X'-T',
Xt-zr, Yr-7t, for the following conditions: ,

1. Aoply a balanced lcad to thz transformsrs.
2. With %»alanc3d load as in (1) opcn linz X and take readings.

3. Ramovs ths loal from th: transformers, opan linz X and teke
rradings.

4., With lins X clos2d, load phass A only, and take rzadings.
5. With ioad cordit ions as in (4), opzn lins X and take raadings.

6. With lins X clos2d, load phzs3 © ornlv, and tars rzadings.

Plot topographic veltaze vactor diagrams feor zuch of the ahovs
connsctione, disecuss ths resulis, and tuwrn in with the data.

Rafersncassy

Karapstoff pe. 456-531 Vel.I; pn. 71-118 Voi.II.

&

5
R. & T. 7p. 217-223.



Expt. #

Title:

Date

Diagram of Connections; Sketch neatly with pencil on a graph sheet th

Apparatus:

Station #

connactions as actually used in experiment.

Note nams plates data of all machines used:

- Name Malke Nurber Type Form
Volts  Ampercs | X.W. | H.P. Frequancy Spesd | Phase
Instrumsnts: Note maks, nmumbar, ete., of all meters, insirumsnis, and
miscellanccus squipmant usad.
Mater; Maks | Number |Model | Typa | Renge Capacity Romariks
¥ i
!
e s e —..Ji
— [, .1’
! - -t g
Arzicla Tumb ar Doscrinticn Articie Doascr.nuion |

(a)



Zzpt. mitle - Date

Insvection: This should he made for every experiment performed, defects
: noted and corrected whensver possibls.

1. Is therz sufficient oil in the bearings?

2. Are the brushss badly worn? Incorractly sot?

3. Is commtator rough or pitted?

4. Do3s armatur? turn sasily?

5. Ars all connections corract?

B. Ar> couplings or b3ltzdi connactions proporly made?
7. Is machina cl2ar of tools and forcign particlss?
8. Havs your wiring inspsctzd and OF'd by instiructor

9. Do oil rings turn and provide sufficisnt lubricution after machinas
is runing?

10. Ar> thers any defzcts, and any unusual noisse in the machine after
it is rwning?

11. Note hore th2 maximum and minimun currsnt ratings of all the field
rheostats you uszd in the tasth.

No. | Make Rasistance Currsnt Rating
Chms i Max. : Min.

T

Note defscts here:  (Corrsct tham, if possible)

®




122-AC HIGH-TUNSION TRAVEFORIR THESTS

{2) 0il Testing, Filtsring & Drying.

(t) Chsckiz mransform.r Ratios & Calibration of Measuring
Volimeter wi tae Sphere-Gaz.

(e) Irsulation Testing.
(&) Insulator Tastirg.

ct on Draalkdowm of Using Air and Other Dielectirics
=]

(£) Horn-Gap Test.
(g) Corcna Tast.

(h) Effect of Fraguency & Stesp Wave Fronts on Sphsra-Gap
T334l c

Conn*ct th? transformar as shovwn in the diagrem, which will be
furniskhod. 3Dafora closinz thy 1lins switch he absolutely sure that all
parscns are 2 safs distance (at lzast fivs £323%8) from the high-tension
ioad, a2ni any avvaratus connczetzd to it.

() 0il Tasting, Filtering & Dryins.

Take a spaciman of ¢il from th: bottom of thz t2stirng transformer.

It is to tha bottom tnat most of th3 moisturs, if taere is anv, will

t12, and hance the oil in its worst condition is most likely to b2
found thers. Wita thz megger test the rasistance of thz oil in hoth
ths 1" and 3" oil cups after adjusting the gaps for a 0.1" spacing by
m2ans of the gauge. Likewise test the spscimens in both curs by connect-
ing to the test transformer ani graduallv dringing the voltaz: up to the
braak-dovwn value. ETacord all data. The oil should take apnroximately
25000 volts or better. If it is in poor condition it should he filiersd
and dried.

Study tie m2thod of filtsring and drying and alsc the means provided
for performing this oneration while the transformer is in use.

(c)
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) 2 >--AC

(b) Chacking Transformsr Ratio & Calibration of Msasuring Voltmater
with thz Sphare~Gan.

Adjust the spheras of tha gap until they just touch, read the
micromater scraw, and then separats the sphsrss a considerabl: distanca.
Bring ths vo¢tag» of th2 transformar up to a chossn value, adjust the
sphar? gap uwntil it ares ovar, at which ‘ns*aﬁ* p2ll th? line switch
1mm_§§a§_1g- Read ths micromster scraw zgain, calculate the distance
betwazn sohsres and ohtain tha corrssponding vol tage value from the
spasri-gap voltagz curves.

Repeat for at lsast five diffsrsnt valuss ranging from
10,600 - . 100,000 volts. Plot a curve For uss in subs2quent tasts,
using voltmatar rsadings as abscissae and deduced air-gap voltazes as
ordinates.

(c) Insulation Testing.

Place the sp3cimen tc e testsd hetwsaen the brass discs provided
for the purnos2, and after measurinz rasistancs with the megzger, apnly
the voltage gradually, incriasing it to ths value where braskdown
occurs. Make a racord of thz wraak-down voltages for the various
spacimens uszi.

(a) Insulator T3sting.

tizasure the rasistancs of ths insulator with ths megzer, then apoiy
thz voltags gradually and notz the valusz of voltage and currﬂnt whan
corcna first appsars, when static dischargss tak: plac:, and when arc-over
cceurs. If th2 insulator breaks down, nots ths braakdown voltag?.

(e) Test of ®ffsct of Braakdown of Using Air and Other Dielectricé
in Series.

Separate the metal plates of the apparatus one cm. apart and apnly
voltags up to & value just below breakdown. Record this value. Remove
the potential, insert the glass plate in the space hetwzzn the metal
nlates, lsaving half th: space filled with air, apply the voltage pravious-
ly obtained and note the rasults.

{f) Horn-Gap Tast

Apply a poterntial across th2 gap sufTicient to cause it to hreak
down.. Note and explain tha results.
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Sl

#22--AC —-AC
(g) Ccrona Test.

Strstch two fine wirss parallel to each othar and spaced about one
oot apart. Conn3ct one wire to ground and the second wire to the
gh—v01t°: 32d of tho transformer. Darksn th2 room. Bring up tho
voltzaza gradually arnd ohserv: iYs valu? whon the corena first apnears.

(h) Tff2ct of Freogqueney & Stesp Wave Fronts on Spher:-Gap and NH3:dls-
Gan Discharsza.

ust onz of th2 sphere gaps for 40,000 volts (approx. 1.95 em.)
nlng ths gep and noting ths arc-over voltaze. In o similar manner
adjust th2 nedlz-gep for 40,000 volts {apnrox. 6.1 cm.) Notz ths form-
ation of corona on ths ns dle points as th2? voltzgze is »rought up.

A
o8

Conn»c+ both Aeﬁdlv- and sphere—g*n in parallel and this combination
2p (s3t for ahout 60,000 volts) to
s diraect as possihls avoiding all kinks
2durllv and note which gaps break

tha transformev. ale: a
and cornars. Bring th2 voltng> up
-

gra

dovm. Maks 2 bnd in the wirs connsctad to ths first sphere gap (the

cnz in parallsl with th3 nsz2dlz-gap) and note if the same gans “reak down
when voltazs is aprlied.

Remove the kink or corner in thes wi
ara chtained. Graduwally r2duce the distanc
tetwaen succassivs voltazs applications unt

snes to td, sphera-gap. Nohs this

onditions as hefors
G the needle points

il the needls-gap arcs over

distancs and the volitaze

o
o
€]
' o
B
[0
3 ()

@

Raferenca:

Karapstoff »p. 1~11i8, Vol.II.



Expt.# C Title: ' , ____Date

Dizgram of Commections: Skeich neatly with pencil on a graph sheet the
coermsctions as actually used in experiment.

Apparatus:  Note nams plate data of all machines ueed:

Name lalke Number Type - Form B
Volts |Amperss | X.W. | H.D. Freguency Spasd | Phase
i
!
3
Instrumsnts: Note maks, nurkar, ete., of all weters, instrumants, and
miscellanczous squlipmant usad.
Meter, Makxe | Xuwber |Model | Type | Range | Capacity | Romarks

r— i e i 1 s % e

e AR g et w7 Ay

Article | Numbar Deserintion |

(a)



kExpt, - Title o o , Date

I“Sﬂec+ion' ‘This sheuld he made for every axparimont perfeormed, defects
ol

not2d and correstied whensy po;sic 3

1. Is thers sufflcient oil in ths bvearings?

2 Are tke bruchee padly wern? Ircorractly s=t%
,3. Is commtator rough or pittad?

4. Doas armatur: turn sasily?

5. Are éll comactions corract?

8. Ar> couplings or b2lt2d connactions propsrly mals?

7T Is machine clsar of tooles end forsign particles?

sttt ot

s

8. Hava yﬂud wiring inspactsd and OF'd by inesructsr

9. Do oil rings furn and provids sufficisnt ivkrication after macalna
-i8 rurning?

PO -

10. Ars thors eny dar2cte, and any unusval neis:e in the machine after
it is rarieg?

11. Note hors ths marimwm and minimus surrsnt ratings of sll the field
rhecstats you usad in tas fesh

: ‘ —
¥a. | Maxe Banistenne Cvrreny Ratlag
Gnms Max. Vin.

4

Note def=cts hars:  (Corract tham, if possidln)

(®)
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#23..AC INBUC”IOE MOTOR TWSTS - RINLIING & 1LOCKED SATURATION
' CIRCLY DIAGRAL & EFFICLITIICY BY PRONY BRAXE

Proccdurs:

Fellow instructions as ziven in Szctinon & of Factory Testinzg,
stinghousa Rlsetriec & Manmufacturing Co.

o=
|
(6]

D

[

ha

Taktulzat2 all obsarvations and othsr data neatly on a standard data
shaszt.

Curvaé:

Plet curv2s on standard shezts as givan in the instructions.

{N

l. Discusa tia2 slip of an induction motor, ard its relation to
inersasinz lozd.

2. Describs tlz diffsront owathods for measurinz slin directly.
3. Vhat dsterminss th? spe:d of an induction motor?

4. ¥xplain the matnods of stariting induction motors.

5. Txplain tha low powsr-factor found in induveticn motors, when
comparad wiih transformers.

6. Txnlain wiy itke secondary is usualliv tha ravolving part

te how to determins the rasistance per phass of a thrzae-phase
Y elta~connacted.

. Explain the aquivalent single-phase rasistancs and currernt of an
ion motor.

8. Discuss the lc3ssz that ocecur in an induction motor and their
2jation directly and indirsctly to the load.

10. TExplain the methods ussd in detsrmining sach of the above classes
cf loss.

11. Descride a msthod for determining the friction loss, as separated
from the iron loss.

12. Txplain how the torque may e calculated.

()



#23-1C

Quastions contd.

122

13. Explain how and why the rsactive effects of the revolving
"szcondary of an induction motor can he replaced by thoss of an imaginary
fixed winding, and show what the valus of the current in this imaginary

winding would h3.

14. Explain the circle-locus currsni-vector diagram of a transformer.

15. Discuss the application of this circle-locus to an induction
moter, and give complete dirsctions for its experimental determination.

15. Show, by the circle-diagram, how to dztermine the currznt, power-
factor, torque, slip, input, and efficiency, corresponding to any given

output.

Baferences:

Elec. Jour Vol.11, pp. 100-107.
Factory Tasting W.

T. & M.Co.

Saction 6.

A.I.R.E, Vol. XL, April 1921 #4 p. 326-332.
Dawss po. 225-3C4.

Masznusson pn. 188-210.

Lawr snce po. 443-554,

Rerapstoff po. 584-627, Vol.I; po. 166-186 Vol.II.
R. & T. Pp. 275-288.

(&)



Expt. 4 Title: o ‘ Date

iazram of Cornnectisns: Sketch neatly wi 1 on & graph sheet the
‘ cormections as atually used in experiument.

Apnaratus: YNote name rlate data of all machines used:

Station #

Hame - llaks Number Type Form

———

*

Volts | Amperes KW { H.P. | Freguency Spead Phasn

R e

Instraments: Nots maks, wawber, etc., of all metsrs, instrumints, and

aiscellanzous squirmant usad.

_—

Yetor| Maks | Iumbsr | Model | Tyss | Renge Capacity Romarks
; i

Article s 5T aserintion ArTIATE T

{
U & S e oy e R A4 8 At b i
: : H

(a)

L . S

i

P

.
cand
1

"3



Expt,

Title — _ . _Date

Inspection: This should he made for every expsriment performed, defects

10.

il.

notnd and corrested whenever posecible.

Is there sufficient oil in th» bearings?_

Are the trushes vadly worn? Incorractly s=2t1
Is cemmutétor rough or pltted?

Doasg. armatur? tuwn 3asily?

Are all connsctions eorract?

Ars couplings or balied éqnnections properly madet

Is machine clsar of $oole and foreign particlies?

Havs your wiring inspectad and OE'd by inrtructor

Do oil rings furn and »rovide sufficient lubrication after maochina
~48 running?

L ]

Ars thors any defrcte, @nd any wrususl noisse in the machine after
it is roming?

g~ oo

Note hers tha maxisrm and minimum currant ratinges of all the field
rhegstats you usad in the fost.

£z e ; ) - n 5 4":.\
No. | YHaxe Baristence Currant Ratisg
Lazs , Yax. Fine

Nots defacts hars:  (Correct them, if possible)

()



123

#24-AC TEERMIONIC VACUUM TUBE CHARACTERISTICS

Comnect the tube as shown in the diagram, which will be furnished.

1. Maintaining the filament current ai the normal rat~d value and
with normal rated plate voltage, teke readings of all maters for a
series of valuss of grid veltags ranging from -50% to 50% of normal
plate voltags.

2. Repeat (1) with the plate voltagze 50% above normal.

3. Repaat (1) with the plate voltage 50% below normal.

4. Plot charactsristic curves of the vacuum tuhe using grid-poten-
tials as abscissae and plats currents as ordinates. These curves should
b2 similar to thoss shown in Fig. 134, p. 151, of "Radio Enginecring

Princinlesm.

Vacuum Tub2 Ratings

T-1 vr-2
Plats Voltage 30V, 160V.
Plate Rasistanca 17000 ohms 5000 ohms
Filamant Currant 1.1 4. 1.3 A.
Pilamant Voltaz: 2.5V 7 V.
Amrplification Factor 67 6-7

Refarancas:

"Radio Enginsoring Principlas® Lausr & Brown, pp. 150-165.
"Therrionic Vacuum Tube", Van Det Bijl, pp. 236-255.

(c)



