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ABSTRACT

Conferences with employers snd with
evening extension students at Dunwoody Institute
revealed several years sgo, that both felt there
was a very definite need for men who would be able
to apply their training in the theory of electricity
to the field of "trouble shooting" in electrical
equipment. In an effort to solve this problem the
writer has been experimenting for the past four years
with new methods of presenting and explaining the
theory of electricity. The analytical approach to
the subject and the use of boxheads, disgrams, and
skeleton arrangements found considereble favor among
both trade preperatory end extension students.

Since the method was new this question
naturally wass: What is the effectiveness of the
anelytical method of rresentation compared with the
traditional method of teaching the theory of direct
current motors? In order to evaluate the two methods
the problem was set up as & scientific study. This
procedure led to the following problem anslysis:

l. What is the analyticel method?

a. How is 1t organized?



b. How 1s it presented?

c. How does 1t differ from the traditional
method?

2. How are the test groups organized?

3. How are the results of the two
evaluated?®?

4, Vhet are the results shown by the
analytical approach?

Answers to cuestion two and three were found in the
literature reviewed in Chapter II. Authorized
procedures were found for setting up and checking
the egquivalency of the personnel in two sections
used for conducting en experimentel study similar
to this one. liethods for eveluasting the results
obtained were also found and outlined in the same
study.
Data for thls study were obtasined from the

following four sources:

l, Test items were selected from the course on
direct current motors given at Dunwoody Industrial
Institute. The background for much of this was pro-

vided by Americen Electricilans Handbook, Electricsl

liachinery by Croft, and electrical ecuipment
bulletins prowvided by manufacturers.

2« The 120 test items were validsted by 50 men
from the St. Peul, Minnesota, Electricel Workers Union
No. 110.

5. The questions set up from the test items were



checked and highly approved by four people with both
trade snd school eXperience.

4, Ten sections of electrical students were
selected from the clesses st Dunwoody Institute during
the pest four year period to receive experimental
instruction.

The pursuit of the problem required the use
of two teaching methods in order thet date might be
available for a statisticel comparison of the
effectiveness of the snslyticel procedure.

All sections covered the same shop jobs and
devoted the same periods to job report "writeups” and
discussion. Both groups did the same shop work and
discussed shop jobs and shop procedure in class.

Only in the presentation of the theory of direct cur-
rent motors did the methods differ.

The traditional method used in this study
presented the essentlel theory of direct current
motors from s standard text book. Students were
assigned sectiors from the text. After these had
been studied, class discussions were held using charts,
models, blackboard disgrems, snd resl pieces of ecguip-
ment. Problems from the text were then used to in-
sure a more complete analysis of the various
sltustions. Sometimes these problems were worked in

class; sometimes they were used as home assignments.



ueh terms as terminal voltege, fleld flux, armature

'g:;gﬁiantl-tarque, load, speed, counter-electromotive
:éqggggg; end armature circult resistance were very care-
:Llégily covered snd stressed in the class discussion.

On the other hand the method which was
stressed in the experimentel clesses was a departure
rﬁ#@m the conventional procedures. Lessons were never
}g&vnm g8 memory assignments but work of such & nasture
‘was provided that the student obteined his under-
'%Jgiimding by filling in boxheads, anelyzing the infor-

. mation in the boxheads while meking immediate relations

harts, and following out the relative or inter-
mediate effects existing among the operating factors
of load, speed, toroue, counter-electromotive force,

rmeture circuit resistance, and terminsal voltage.i/

This teaching procedure developed cause

and effect thinking and et the same time associated
' ‘-ﬁﬁé necesssry items for understending motor operation
 into a skeleton fremework of ideas. Such a diagrem-
ﬁﬁﬁiin arrangement through sssociation helped the
students to o concrete understanding of electric
motors and ensbled them to do a better job of
analytical thinking as is revesled in the test

results shown in the summsry table (Table 10).

1./ See Appendix A.



Table 9.-~-COMPARATIVE RESULTS ON THE EQUIVALENCY OF GROUPS AND THE RELATIVE EFFECTIVENESS

-

Control group

OF THE TEACHING METHODS

—_

——

Experimental group

e —

Criteria of (58 cases) (58 cases Difference
equivalency
Mean S.D. Saib Mean S.D. Sexp t
Chronoclogical
age in months (252,327 |21.382 2.81 254,172 22,970 3.01 0448
not significant
Months in :
Dunwoody - = 10.64 1.69 222 11.12 1.74 229 1.504
not significant
Shop grades in
percentage = 77,707 5.908 o174 78,026 4,795 628 «5445
not significant
Previous
school years 12,02 «438 0875 | 11.67 2.125 286 322
First adminis-
tration of test | 9,017 3.59 «470 7 .693 3 .56 «466 1,99
significant
Second adminis-
tration of test | 20,052 5.31 698 31 .569 4,71 618 2 .69
significant




This summary teble showed the groups used

in this experiment to be equal on the basis of age,
previous schooling, number of months in Dunwoody
Institute, and shop marks on a percentage basis for the
shop time. None of these criteria exceeded the
eritical retio two set up as the polint of significance
for this experiment.

There were certain variables in gesthering
the data for this renort over which the experimenter

hed no control. The small number of classes reguired

|8
i

alternating the methods from month to month over a
considerable period of time. This arrangement intro-

duced sessonal conditions; for interest is slways more

' keen when Job prospects are good. The physical con-
dition of the instructor might also be a variable

feactor.

The test developed to check the relstive
effectiveness of the two methods of teaching the theory
of direct current motors proved to be excellent. The
coefficlent of relisbility was .99 which 1s high
enough for excellent individual diegnosis--something
rarely found in tests unless a great deal of work has
been done with them. Such a reliable instrument en-
hances the velue of the findings shown in Teable 9,

The results of this study indicate that the

anslyticael method wes superior to the traditionsal



procedure for teaching the theory of direct current
motors, at lesst under the conditions of this experi-
ment. In view of the fact thet the control group was
significantly superior to the experimental group at
the start snd thet the letter completed the work of
the experiment with a significant difference of 2.69
over the control group, would seem to prove falrly
conclusively that visual aids together with the
anelyticel presentation provide learning experiences
which are superior to those which have been used

heretofore.
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THE ANALYTICAL METHOD VERSUS THE TRADITIONAL METHOD OF
TEACHING THE ELECTRICAL THEORY OF DIRECT CURRENT MOTORS
IN DUNWOODY INSTITUTE
Chapter I
INTRODUCTION

All the large manufacturers of electrical
equipment maintaln extensive laboratories to carry on
experimental work with varlous materials used in making
electrical devices. Here defective materials and faulty
points in the design usually show up before the plece of
equipment is put into industrial use. This practice and
proceéure make 1t possible for the manufacturer to put a
product on the market with the defects largely elimina-
ted. Even with equipment made as scientifically as
these laboratory practices make possible, there still
remains much for the practical man to do in the way of
care, installation, repalir, maintenance, and operation
of these pleces of equipment in the field.

Unforeseen difficulties arise in the perform-
ance of the device as 1t operates day after day on the
Job. It is the responsibility of the "trouble-shooter"
to discover faulty parts and machines that do not operate
effleclently, and to make the neceesary repairs. He 1is

the one who knows the sources of these troubles and how




to remedy them. To him is delegated the responsibility
for making the machines operate.

The man responsible for keeping the wheels of
industry turning has a Job of considerable importance.
This work of the "trouble-shooter" requires analytical
thinking df a high order. He must seek the causee of
most of his troubles among unseen circults and working
parts hidden from view.

The Twin City Area has a number of divereified
industries, among the more important of which are mill~-
ing, mining, and farm machlinery manufacturing. Dunwoody
Institute trains a great many mechanics who find employ-
ment in these industries. A part of these men are in
the electrical field. Minnesota employers of electrical
helpers trained in the school reported that these em-
ployees seemed to know the theory of electriclty satis-
factorily, but lacked the ability to "shoot trouble".
This fact indicated they have not had enough training
in the practical application of technical knowledge. For
thls work it is not enough merely to know the facts.
Ability to use them and to apply correct methods of
analysis is required of the successful "trouble shooter".

Zeleny (27:336-7) of the University of Minne-
sota, in an article published in Science Magazine,
October 14, 1932, advocated the logical teaching of

electricity in preference to the historical treatment:




The loglical presentation outlined attempts

to completely coordinate the well-established
major phenomena in electricity and magnetiem.

The logical method is held in high esteem by a
large number of educators in the electrical fleld.
Zeleny stated in the artlicle mentioned in the previous
paragraph:

Mathematical equations glving quantitative

relationships without rational concepts do not
and can never fully satisfy.

This question raicsed by Zeleny also concerned
another authority in the electrical field. Singe
(21:128), in his article, "Missing Link", said, "Reduc-
tion of a physical problem to mathematice forms a bridge
that many cannot cross".

Both of these sclientlists held similar opinions
regarding the use of mathematics for tralning people in
electrical engineering education. They agree that addi-
tional aids are needed for interpreting mathematical
formulae in terms of everyday problems.

Draffin (6:728), discussing laboratory in-
struction in engineering education, said, "Laboratory
work provides proper ways of analyzing data and reaching
conclusions". BShop and laboratory are a necessary part
of the work in any training course for both engineering
and trade education. In this same article (6:730) in
Journal of Engineering Education, June, 1935, he also

made the following comments:




Education consiste in the growth of the
thinking processes. For thls growth to take
place the student must have something to think
about, he must have a scheme or manner of
thinking and he muet reach some kind of a con-
clusion.

If, as Draffin said, some plan or pattern of
ideas 18 necessary to proper mental growth, why not use
such a diagram or scheme in presenting these 1ldeas to
the student during the learning process?®

Roys (16:511), in the April, 1938, 1ssﬁe of
the same magazine, sald, "There should be better corre-
lation between scientific thought and practical appli-
cation”.

The statements of both Draffin and Roys estab-
lish a need for a better connecting link between the
electrical theory as taught and practical application of
this knowledge demanded on the job. Additional thought
patterne and visual aids are needed to make the te 'mi-
cal material more workable and understandable for the
man whose job it 1s to keep electrical devices operating
satisfactorily.

The early historical method, by which teaching
material was presented in a chronological order, seemed
tec place too much dependence upon mathematical formulae.
When the mathematical presentation 1s used, recourse to
additional aids must be made in interpreting formulae

into physical experiencees which the practical-minded man

understands. Both the historical and the mathematical
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methods of teaching have been almost entirely superceded
by the logical arrangement explained by Zeleny.

A logical presentation attempts completely to
coordinate all welleestablished facts and theories about
any one particular subject or fileld of endeavor.

Rogers (15:924) called attention to the fact
that how we teach is important in emphasizing the pro-
cess of effective thinking. Only a few students dis-
cover basic principles of technical material unless the
teacher uses his ingenuity ‘n presenting them in such a
manner that they cannot be misunderstood or overloocked.

Employers when interviewed on electrical help
unanimously agree that years of experience are required
Dbefore an electrician is considered to be an expert
"trouble-shooter". This leads to the conclusion that
the mastery of the ability to apply electrical theory
in terms of practical machine operation comes glowly to
the man on the Jjob. Road maps, machine drawings, build-
ing plans and many other types of drawings and diagréms
are uéed in many lines of endeavor ae alds to an under-
standing of practical problems. This plan adapts the
same 1ldea to teaching the theory of electricity applied
to direct current motors, in which analytical diagram is
used to show the various iteme functioning in motor per-
formance and aid in establishing a mental picture of the
relationships of all items involved.

The elements that made up the method used with
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the experimental group in this study were taken from the
suggestions discussed above. The two elements are the
logical presentation of facts and thelr interpretation
by students through the making of analytical dlagrams.
The ideas were arranged into a pattern or plan which
would gulde the student in his thinking and assist in
drawing conclusions. The analytical dlagram serves a
dual purpose. In the first instance 1t enables the
student to master the theory, and in the second it be-
comes a set of directions to be followed in "trouble-
shooting".

The chart shows among other things the rela-
tionships among torque, load, and speed. If the torque
in a direct current motor increased and the load demand
upon the motor remained the same, this extra torque
would pase along the line (see dlagram, Appendix A) to
speed, which would increase. The line in the chart
from speed to load would indicate that the motor output
would be raised when the speed increaced. In like —an-
ner all operating conditions which affect the motor may
be traced, using the chart as a guide.

The problem of applying theories and prineci-
plee learned in school to actual situations in 1ife is
of real concern to sociologists, scientists, politicians,
citizens, and school children. In fact, it 1s a unlver-
sal problem. Zeleny, Roys, Singe, and Creasey (3) have

studied the methods of teaching the applications of




electrical principles in practical situations, while
others have investigated phases of this same subject.
Thelr suggestions have formed the basls for the ma jor
problem in this study, which stated in question form is:
What 1s the effectiveness of the analytical
method as compared to the traditional method of
teaching the theory of direct current motors?

An analysis of this problem reveals the follow-
ing subordinate questions:

l. What 1s the analytical method?
a. How is it organized?
b. How 1is it presented?
c. How does it differ from the traditional
me thod?
2. How are the test groups set up?
3. How are the resulte of the test evaluated?

4. What are the results shown by the analytical
approach?

Some evidence relating to the problem of teach-
ing the theory and application of principles of genera-
tors and motors is available in the researéh literature
on the subject and provides partial answers to the sub-

ordinate questions. The review of literature follows.
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Chapter 11
REVIEW OF RESEARCH

The results of extensive experimentation car-
ried on in research laboratories of large manufacturing
concerns are usually made avallable in special reports,
or the information may be found in technical papers and
magazines which make this material readily available.

The same 1g true of experimentation that has been carried
on in the fileld of education. The research findings that
relate to question two, "How are the test groups organ-
1zed?", and three, "How are the resulte of the test eval-
uated?", follow:

An objective examination on electrical conduit
wiring of 225 items 1n six groups having exceptionally
high statistical ratings was prepared and evaluated by
Senes (20) at the Joliet Township High School, Joliet,
Illinois, during the year 1939. This work was sclenti-
fically approached and followed through with meticulous
care. The coefficient of reliabllity for this test
was .96.

The test items were selected from well-recog-
nized sources and submitted to the opinion of two teach-
ers, two contractors, and two Journeymen electricians,

following the rule laild down by Turney (24) for estab-




lishing validity. His statement for checking this most
important item used in evaluating materials for test pur-
poses follows:

Validity is by its very nature determin-

able by no other means, and the only statis-
tical treatment which 1s essential to the es-
tablishment of validity 1s that which will
refine or assist in the consensus of expert
opinion.

Two hundred and twenty-five items were selected
in this manner, and test questions were formulated ac-
cording to the method suggested by Ruch (18). A rough
draft of the question was drawn upon a 3 x 5 inch card
with one or two correct answers as well as several pos-
sible or probable onesg; on the final draft of the test
only the more suiltable responses were written into the
examination. As an additional check on this matter of
validity the "discrimination" criterion used by Pintner,
Maller, Forlono, and Axelrod (14) and supported by the
work of Swineford (22) was applied. Those ltems of the
test in which the percentage of "failure" was more than
95 percent and less than 5 percent were eliminated be-
cause they were considered as not suffleciently diserim-
inative. This left in the test only those questions
which had a reasonable probability of being valid
(18:163-164). Reliability of the test developed in this
work was established by the following procedures: The
test was administered to 628 pupils and the results were

tabulated, which revealed that items within the several
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groups would have to be shifted if they were to appear in
an 1lncreasing order of difficulty. This shift was made,
and from the results obtained all questions having little
probable testing value were eliminated. The objectivity
for this work was obtained by using answer keys, follow=-
ing the suggestion made by Odell (13), who said that
whenever persons are able to score tests with a general
agreement prevalling among them as to the correctness or
incorrectness of all the posslble answers, objectivity

is present.

In order to compute the coefficient of rella-
bility, a scatter dlagram and correlation chart was pre-
pared followlng the procedure used by Garrett. Data for
the diagram were obtained from the scores of 628 pupils
on an odd-even basis. This method provided a system of
desirable cross checks. Anastasia (1) found from research
that the odd-even method of calculating this coefficlent
was the most reliable of any ot the three ordinarily
used for the purpose. Garrett furnished the formula for
the actual calculation work. The Spearman-Brown formula
and the appropriate P E formula derlved by Shen are the
ones used to determine the rellabllity coefficient for
the whole test. Actual computations of the coefficient
of correlation resulted in a value of .96 for r with a
probable error of +.0016, which Ruch rates as extremely
high unless tests have been long and carefully standard-

ized.




ized.

Aslde from meeting the requirements of a stand-
ardilzed test thls work might well serve the following
purposes: (1) formulation of essential toples of infor-
mation required by conduit electricians; (2) elimination
of subjective grades; (3) improvement of instruction by
making 1t conform more closely to Job reguirements;

(4) development of interest among other workers in the
field of obJective testing. The procedure used by Senes
(20:22-32) for selecting test items, setting up the test
questions, validating the material, checking the relia-
bility, and determining the coefficlent of rellability
offered many suggestions which were followed in making
the comparison between two methods of teaching the
theory of direct current motors.

During the year 1940, Josserand (9) carried
out a study for the evaluation of a method of teaching
ninth grade general drafting in the East Moline, Illi-
nois, High Schcol. In this experiment, one hundred and
ten people were used, fram whom 29 matched pairs were
selected to form the groups. This work appears to have
been carefully done and the statistical procedure used
in equating groups and evaluating the method were very
carefully handled. The results show definitely from the
statistics that the method of making shop models in wood
and paper combined with freehand sketching produces

Buperior performance ability 1ln the students when tested

-




with Fischer's Mechanical Drawing Tests.

The content for this drawlng course was taken
from the following sources: (a) Van Deventer's survey
of mechanical drawing courses in Illinois high schools;
(p) the Wisconsin Industrial Arts Association Survey;
(¢) the investigation made in the state of Illinois of
courses of study, current textbooks, and social and
economic situations of high school students; (d) Hale's
study; -Walsh's investigation; (f) Cleveland's analysis;
and (g) Honrehammer's study of current newspapers and
periodicals. In addition to these sources, 100 respon-
sible people interested in properly tralned employees
were personally consulted to obtain their criticlsm and
suggestions. Also 150 workmen employed in drafting rooms
in the immediate viclnity were interviewed in order to
find if possible, just what was needed in a drawing
course of this kind.

For the authority in comparing and equating the
two groupe used in this experiment, the following re-
search studies are quoted: (1) Kruger's study to deter-
mine the significance of group influence upon Otis S.-A.
test scores; (b) Babcoek and Emerson's study of the
MacQuarrie test for mechanical ability; (c) Bingham's
report of Pond's study to determine the relationship of
a person's true score and his obtained score; (d) Fis-
cher's study of his own mechanical drawing tests; (ej

Gates and Taylor's techniques for equating groups;
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(f) Englehart's analysis of techniques; and (g) Anibel's
methods of pairing students.

Equivalency of the two groups set up for this
study was determined by using for comparison the chrono-
logical age, the previous school work, the intelligence
quotients (from the Otis test), and grades received on

the MacQuarrie Mechanical Ability Test. No significant

differences were found in the equivalency from using the
general formula. Fischer's mechanical drawing tests

part I and part II are recognized as being valid and
rellable for testing drawing proficlencies. Part I was
glven at the start of the course to determine the group
abilities, and part II was administered at the completion
of the work to measure achievement. The statistical fig-
ures showed definite superior drawing abllity when models
and freehand drawing were used.

It was suggested that the procedure carried out
in this experiment should be handled by a number of
teachers and should be tried out over a periocd of three
years so that larger numbers could be used. Wider dis=
tribution might show whether locale had any effects on
the results.

In a study entitled The Relationship between

Industrial Arts Courses and Occupational Choices, cover=-

ing 160 cases drawn from the 1538-39 student body of
Dunwoody Institute, Minneapolis, Minnesota, Miller (10)

reported that the students who had taken industrial arts
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work in high school were able to make more reliable occu-
pational choices than those who had not had such experi- .
ence. The findings from two groups of matched pairs used
in this study tend teo indicate also that industrial arts
courses have helped the students to some extent in dis-
covering and developlng their occupational interests and
aptitudes.

Before one could state authoritatively that
interests and aptitudes had been definitely discovered
and developed by industrial arts experilences, a follow-
up study would be necessary after the individuals had
been out on the Jjob for several years.

Several sourcea.of information and a variety
of facts were enumerated at the beginning of thls study.
Some of the more interesting ones are given. PFPorter
collected 194 questionnaires from high school boy and
girl graduates of three northern Colorado counties. The
high school subjects consldered most helpful were com-
mercial courses, English, and mathematics. Kennedy,
using 515 individuals from Lane Technical High Schocl of
Chicago, Illinois, found that 52.2% of all Lane graduates
engage in technical and industrial occupations and that
47.8% of all graduates enter occupations for which the
curriculum does not aim to provide proper training;
Campbell collected 187 questionnaires which indicated
that high school industrial arte helped 80% of the work-

ers in their vocatlions, and a lilke percentage used this




training as recreation; Clodfelter made an occupational
survey of the graduates of Dewey High School in Dewey,
Oklahoma. He found that the high school courses prepared
the students for college, but only 18% of the boys and’
17% of the girls go either to college or to business
college.

This information used in Miller's study was
obtained from the following sources: personal inter-
views with the student, questionnaires, and offlice rec-
ords of Dunwoody Institute.

The factors used by Miller (10) to check group
equivalency were chronological age, school attendance,
number of months at Dunwoody, and the average shop grade
obtained from the numerals 1, 2, 3, 4, and 5 used as shop
ratingse.

Dunwoody ratings are glven as numerals 1, 2, 3,
4, and 5, and have percent equivalents as shown below.

1l =90 % to 100 % inclusive; average = 95.00%

2=80% to 89 % inclusive; average = 84.50%
3=T70% to 79 % inclusive; average = T4.50%
4 =60 % to 69 % inclusive; average = 64.50%
5 = Fallure

The method used by Josserand (9:34-48) and
Miller (10:20) for setting up and checking group equiva-
lency offered the writer very material aid. Because of
the similarity of the procedure and the faet that the

problem had to be solved by the experimental method, the
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same sources used by these men could be employed by the
writer for this part of the problem. Both used matched
pairs of individuals in forming the personnel of the
éroups; the same factors,lchronological age, previous
school work, number of months in Dunwoody Institute, and
the shop grades used by Miller (10:20) for checking the
equivalency of the groups, were employed in this study,
but the statistical procedure used by Josserand (9:36)
formed the basis for the conclusions reached on this
item.

The procedure followed by Senes (20:25-32) in
the preparation and validation of the test of 225 items
on electrical conduit wiring provided the writer with
many valuable suggestions. As 1t was necéssary in this
study as well as in the one jJust mentloned to prepare
and validate a test, the recognized method of selecting
and validating the list of items was used. The methods
used in preparing test questions, securing validity, and
insuring reliability, outlined in thls work, were fol-
lowed in detail, and question number two has been an-
swered by the research literature.

The research methods outlined by Josserand
(9:49-73), which he followed in pursuing and evaluating
data for two methods of teaching drawing, furnished the
entire plan required for answering question number three

in this experiment.

The following abstract of a study made in 1924




at the University of Pittsburgh by Crawford (2) on the
subject, "Effect of Visual Alds, Additional to text, on
Learning in Technical Electrical Theory", has an inter-
esting bearing on this experiment.

It 1s acknowledged by educators that visual
alds, where theory gets too difficult or abstract, are
a great help to the student. After he learns the facts
and masters the skill involved, such as square root or
the trigonometric functions, he can use them as tools.
But it is often desirable to perform the operation needed
and investigate the tools at a later time, especially in
a vocational or technical high school. In such a class
as advanced electrical theory, without the advantages of
individual laboratory work, 1t ie advisable to have the
student grasp the over-all vein of the subject matter
and later develop the technical formulae he already has
learned to use. One way to do this 1ls to have the boy
use simple visual mechanical devices to perform for him
the task yet outside his technical abllity range. Inci-
dentally, he will after a time want ﬁo know why the de=-
vice he has used functions as it does; and then he, as an
individual or as a member of the class, will be taught
the necessary mathematics or sclence involved. Usually,
however, he will of his own accord learn the needed tech-
nicalities out of sheer interest aroused by the ingenuity
of the device itself. Occasionally, such devices or

mechaniems may even inspire a student to develop other




such aids to his own thinking, thus furthering his power
of analysis and constructive thought at a rapid pace.
This ability after all is the main aim of all education.

This particular research carried out on a sta-
tistical basis permits the following inferences to be
stated:

(a) Where a good visual-mechanical device was
used by the student, even without any
special classroom mention or discussion,
an appreciable increment in better learn-

ing of the subject matter involved re-
sulted.

(b) Where classroom stress was given to use
of the device, a still greater incre-
ment resulted.

(¢) Were such mechanisms made and attached to
textboods to be copled or used by the
student, many parts of technical mater-
ial now left out or merely skimmed
could be adequately handled and mastered
by the student, even though he had not
yet mastered the usually requisite tech-
nical mathematics.

(d) The use of such devices would appreciably
cut down the time given to lengthy book
and classroom discussion of data as well
as the usual trying repetitlion of data.

In many casesg, in which even laboratory exer-
cises would not fully acquaint the student with all the
facts of a technlcal sgituation in an electrilcal problem,
all possible avenues should be set up and used as byways
toward a fuller and more analytical understanding. Among
these methods 1s the use of visual aids.

Additional evidence supporting the findings of

Crawford was also found in a study carried out by Haynes




(8) at the University of Chicago, Chicago, Illinocis, on
the subject, "Pupil Self-Rating Scales in Applied Elec-
tricity". Construction of three rating scales in elec-
tricity used in classrooms to determine effect on the
learning process, using & control and experimental group,
showed the following results:

Puplls profited by the use of scales; groups
using scales made more gain on making joints than groups
not using scales.

Walters (26) developed a manual of experiments
in direct and alternating current electricity at the
University of California in 1929. This manual is com-
prised of 50 experiments of a semi-professional level.
It should be helpful in organizing a shop and laboratory
course for students taking work of less than college
grade-A level of the ?ork at Dunwoody Institute where
trade and industrial education 1s stressed.

Norton (12), in Education for Work, written
for the Regents' Inquiry, 1938, found some very inter-
esting facts in the survey made of the schools in New
York State. Some of the more pertinent ones bearing on
this study are quoted; |

Ski1ll requirements in many lines of acti-

vity are in a constant process of alteration.
(12:4)

Continued technologlcal change means that

any training program may be subject to modifi-
cation, and school administrators, therefore,

must ?eep abreast of current developmentes.
(12:8




With the inereasing importance of techni-
cally trained men in industry, it 1is becoming
more difficult for men to rise from the factory
floor. (12:15)

The ma jor objective of the unit technical
course is vocational, the preparation of pupille
for employment in industrial occupations re- _
quiring technical skill, that is in fields where
knowledge of processes or methods is of more im-
portance than skill of hand. The attempt is
made to have the fundamentals of science, mathe-
matics, drawing, shop work, and technical infor-
mation thoroughly mastered by having a closely
integrated program in which each part relates
to the whole. (12:41)

There 18 greater need for the use of ob-
jective measurements. (12:60)

Lack of facilities in most schools makes
it virtually impossible to glve an adequate test
of shop work. The analytical method employs
certain aids to visuallization along with a def-
inite method of presentation. (12:167)

The summary of these research findings reveals
that these diagrams help the learner relate to the learn-
ing in.a visual way. Crawford (4) points out the need
for visual aide in technical subjects and shows that pos-
itive benefits to the learner occur when use is made of
them. The findings in the study of Haynes (8) corrobor-
ated thoee of Crawford showing that visual alids provide
a positive advantage to the student.

This review of the literature has left unan-
swered, questions one and four:

l. What is the analytical method?
a. How is it organized?
b. How ig it presented?

c. How does it differ from the traditional
method?




4.

What are the results shown by the analyti-

cal approach?

In an attempt to find the answers,

further pur-

sult of the problem will be made in the following chap-

ters.




Chapter III
SOURCES OF MATERIALS

In addition to the material included in the
review of litereture just outlined, reference was
made to a few recognized standard works having a
bearing on this study in order to asssure authentic
sources of materiel as well as approved methods of
procedure. There were four sources drawn upon by
the writer in securing dsta for this study:

(1) A group of four experts in the field
of electrical education.

(2) A group of fifty competent tradesmen.

(3) A short 1list of recognized sources of
electrical informetion.

(4) Ten classes of students from the
electricel department of Dunwoody
Institute.
The first source wes a committee (see
Appendix B) made up of the following persons: a
teacher-trainer with 15 years of electrical experilence,
an electrical contractor who was also on the Minnesota
State Board of Electricity, a teacher of electricity
who was a journeyman electrician six years in

Minnesota, and an electrical instructor of eleven

year's experience as a teacher in addition to
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thirteen years in the trade as a journeymen electriciaﬂ
on heavy electrical machinery meintenance. All of
these were people with wide experience in electric-
ity who had had much contact with examination ques=-
tions. For these reasons they were considered
thoroughly competent to pass expert opinion on the
elarity and understandability of the test questions.
The second source likewlse was & group of
people considered competent to pass judgment on the
validity of a 1list of items from which the objective
examination for this study wes drawn. This committee
consisted of 50 members of the St. Paul Electrical
Workers' Local Number 110. Copy of the names of
the men who served in this ceapacity msy be found
in Appendix B.
The following works--American Electricians'

Handbook (4), Electrical Machinery by Croft (5),

Nationel Electric Code (11), 1937 Edition, bulletins

of electrical equipment manufacturers, and the job
sheets used for the shop work on direct current
motors and control epparatus at Dunwoody Institute--
were used to supply the test items (see Appendix C)
which made up the third source of informaetion in
this experiment.

The fourth and last source from which data

were collected in carrying out this work consisted




of ten sections of students taking the electrical cours
at Dunwoody Institute. These groups were tested at
various times over a period of three snd one half

years to obtain information used leter in this study
for data with which to compare the snalytical with

the traditional method of teaching direct current

motor theory.

NATERTALS

Job sheets

All the technical information given to
students in Dunwoody centers around the shop job.
Since these, then, are necessary for one to obtain a
complete picture of 1ts scope and content, a set of
the regular job sheets used for this experiment are
shown in section D the appendix. The form used for
these was laid out by Dr. C. A. Prosser, Director of
Dunwoody Institute. After 30 years of trade experi-
ence and teaching background, the electrical in-
structors heve set up these jobs as a reasonsble
reculrement for one month devoted to & shop course

on direct current motors.

The shop work

The shop work, covering care, maintensance,

instellation, operstion, and repeir of direct current
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motors and control apparastus, was arranged so that it
could be covered in 18 jobs of three hours each.
Twelve jobs must be done to meet the nminimum
requirements. This arrengement of the work made it
possible for the more sble and ambitious students
to do an extra job or two each month repairing shop
equipment or bullding some plece of shop epparatus.
The latter jobs were classed as production and
carried credit the same as a regular shop job for
each three hours of shop time, provided of course,
that the results accomplished warrant the credit.
This arrangement increesed both the incentive and

the reward for the ambitious student with ability.

The related class work

The informetion necessary for a course of
this type was taught under three separate headings:
(1) specific informetion ebout the shop jobs called
in this experiment shop knowledge (S.K.), on which
classes were held one period each day; (2) job report
write-up and dlscussion also held one period daily.
For both (1) and (2) the cuestions on the job sheets
formed the basis for much of the discussion in these
classes. (3) The third type of related class work
was general theory, referred to in this paper as
trade knowledge (T.K.). This cless on electricsal

theory T.K., as applied to general problems concerning




motors and control apparatus, was taught on alternate
days three periods per week. This schedule of time
for trade preparatory classes conforms to Smith-
Hughes requirements where federal aid is provided to
vocational schools. It is the general theory class
with which this study deals in comparing the tradi-
tional method of teaching with the analytical pro-

cedure .

METHODS

The traditional method

The steps in the method that was used in
teaching the theory of direct current motors and
control apparatus to the control group were arranged
in the following manner.

Twenty shop knowledge periods were used en=-
tirely for diacussing shop jobs, answering from the
job sheets, and solving any other problems relating
to a shop course about which students inquired.

Twelve job reports on 12 different jobs
were written by students and discussed during the
20 periods devoted to this phase of the instruction.

In the theory class (T.K.), particular
attention was paid to such items as load, speed,

field excitation, armature current effects, counter-




electromotive force, terminal voltage, and armature
circult resistance, since ﬁhey are the important
factors affecting motor operation. The purpose was

to give all students a thorough understanding of these
items and to include such other items as was listed
in Appendix C. All of these, from the standpoint of
theory, were covered in the twelve allotted periods.
In other words the usual procedure for teaching
electrical theory was followed.

It consisted of making assignments in stand-
ard textbooks on the subject covering symbols, wiring
diagrems, mathematical problems, and items on the
theory of direct current motors and sterting devices.
After these assignments were studied, class discus-
sion using charts, models, pleces of equipment, and
blackboerd sketches were carrlied on under the guid-
ence of the instructor. To insure comperasble
results, in using this method e2ll students used the
same text material.,

This procedure with a class, carefully and
thoroughly followed, in presenting theory along with
& shop or laboratory experience had produced sstis-
factory results in the past; but cannot more effective
teeching procedures and more efflcient approaches be
developed?

Roys (16:511) in an srticle on "The Funda-




mental Philosophy of lethod" ssids

The deductive method, which has many

advantages in way of orderliness, comprehensivene

ease of correlation, esse of learning, and
ease of esdmlinistration, is not the natursl
way but the inductive method of going from
the concrete to the asbstraet is more natural
and although slower and harder to administer,
productive of better results in the long run.

There should be better correlation between

scientific thought and practical application.

Dreffin (63:730) writing on "Laboratory
Instruction in Engineering Education," mede the
following stetements:

Leboratory work provides proper weys

of snalyzing deta and reaching conclusions.

. « o« Education consists in the growth
of the thinking processes. For this growth
to teke place the student must heve some-
thing to think sltout, he must hsve & ~scheme
or menner of thIEKIE and he must resch
some kind of = conclusion.

It was with the 1ldea of correlating the
sclentific with the practical spplicstion mentioned
by Roys and of providing the student with a scheme
or menner of thinking, which Draeffin showed to be
80 necessary, that the writer developed what has
been called the analyticsl method of teaching the
theory of direct current motorss This method wes
used with the experimental group.

The analytlical method, deseribed fully in
Section A of the Appendix, 1s a departure from the

traditionsl method. B8tudents were not requlred to

memorize information but were given assignments or

E?a




jobs to do in which a knowledge and understanding

of the facts were necessary before the task could
be accomplished. A complete and thorough analysils
of the subject must be made by the instructor before
this method can be put into use. All basic or
fundamental items used in explaining the operstion
of the machine or device should be selected by the
teacher at the outset. The entire procedure ex-
pleined under the analytical method was presented

to and worked out by the student during the twelve

class periods devoted to theory (T.K.) instruction.

The analytical method

The necesssry items for explaining the
operation of direct current motors are: (1) terminal
voltege, (2) field or pole flux, (3) armature cur-
rent, (4) toraue, (5) load, (6) speed, (7) counter-
electromotive force, (8) srmature-circuit resistance.
These were given to the student, who was then asked
to complete a boxhead anaelysis calling for the fol-
lowing informaetion on each item: (1) the usual
symbol or ebbreviation used; (&) the unit of measure-
ment; (3) a brief statement of what the item 1is; (4)
whet the item does; (5) what item or items it hes an
immediste effect upon. (Appendix A)

Any good textbook or other source of

materiel on direct current motors will yield the
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necessary information reculred to complete the box-
head analysis. In many cases the student found he
had 2lready learned & considerable emount of this
knowledge from other sources.

The next step in the procedure consisted
of studying, in e preliminary way, the relatlonships
which exlst among the eight items.listed in the pre-
ceding peragraph. A 64-section chart eight spaces
high and eight spesces wide similar to a baseball
pleying schedule 1s arrsnged for this pert of the
work. (See Appendix A)

The reletion among the eight items, terminsl
voltage, fleld flux, armature current, torque, load,
speed, counter-electromotive force, snd armature
circult resistance, were then classified into three
groups, as follows: (1) those which have an im-
medlate effect on the others indicated in the chart
with the symbol Y, for example, terminal voltage
has an immediate effect on fleld flux (See Appendix
A); (2) those which have no effect on the other
members of the group shown by O in the same chart,
for example, terminsl voltage has no effect on
ermature circult resistence; and (3) those which
heve a relative effect on the other items. A
relative or intermedliete effect is defined as one
in which the action passes through one or more other

members of the group, before it reesches the one




affected., This relationship is indicated on the
chart by ____ . Terminal voltage affects torque
but only through field flux or armature current.

The third phase of the class instruction
using the analytical procedure helps the student
develop these intermediate relations or effects.
Taking the example of terminal voltage effect on
torque used in the preceding paragraph, the following
directions should make clear how the third group of
relations was found from the chart. Start at the top:
of the chart (Figure 7, Appendix A) at the column headed
torque. Drop down vertically in this row until ¥
is reached; then allow the eye to travel horizontally
to the left side of the chart, where fleld flux is
found. Now again start at the top in the field flux
column and drop down to- Y. Follow this Y to the left
as before; this points to terminal voltage, which shows
that torque is affected by fleld flux, and is affected
in turn by terminal voltage.

In other words the analysis proceeds by
{beginning with torque, then moving back to field
flux, thence to terminal voltage. This shows that
changes in terminal voltage affect torque through
field flux. It must be recognlized that there are two
circuilts through which the torque in a shunt motor
can be changed. They are through the fleld and
through the armature. The use of the chart in




determining the change in torque produced by a change
in field has just been described. The chart zlso is
used in determining the change in torgue produced by -
a change in armature current. Thils time the eanalysis
proceeds by moving back to armature current, and
thence to terminal voltege.-

Working out all of the intermediste or
relative effects in this manner provides the student
with enough repetition and thinking drill to establish
falrly well the necessary thought pattern in his
mind. A complete list of these secondary or relative
effects is given in Appendix A.

The final step in the preliminary develop-
ment work reqguired in this method consisted of finding
a satisfectory arrangement showing s diagrammatic
plen of these eight items and their imiediste rela-
tions to each other. This should be done with lines
conveniently straight and all crossing lines eliminated
if possible. A clear-cut plan or organized drawing
is desirsble, for this so-called skeleton diagram
serves as a guide in the next steps of the analysis.

(See Fig. __ 9 Sec. A.) Appendix. The skeleton
diegrem 1s the device that brldges the gap between
theory and practice. Through its use principles can
be applied in locating and disgreming motor troubles.

Here effects of ineresse end decresse in loed on the
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shunt motor, and the ways in which the various factors
are effected, are shown. Stronaz and weesk flelds are
analyzed, as well as the resistance effects in the
armeture circuit. Finelly the changes that high and
low voltage make in motor operation are discussed.

To meke the plcture complete gll thet re-
mains is to fit other items classified in this work
as "detall items" into the general scheme of things.
A few of these are listed as follows: dirt, rough
commutator, poor brush fit, end shorted field coils.
Analysis of Chese Atems show that they have ebrasss
on some one or more of the eight factors used in
the skeleton diagram. A shorted coll will affect
the pole flux, and dirt or poor brush fit causes in-
creased resistance of the armature circuit.

One method followed by the writer was to
ask the students to make a list of all items found
during the early part of the month which they feel
influence motor operation in any wasy. The ones which
were new to the student were analyzed with the same
boxhead form as wes used for the eight basic or
fundamental factors. The last two or three periods
were used in class discussion to clear up any doubts
or misunderstanding with regard to these items,

When search wes made for some mesns of

evaluating the relative merits of the enalytical and
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the traditional methods used in teaching the theory
of direect current motors, none was resdily available.
This maede it necessary to prepere & test for this

purposes The Theory Test on Direct Current lMotors.

The first step in the preparation of the
test used for conducting this study wes the selection
of the test items. Following the procedure outlined
by Senes (20:26-29), recommended by Ruch (18:153-154),
more items were selected from the course content
then were recuired for the examination. These were
submitted to the committee of 50 qualified electrical
workers to determine velidity. See Senes (20:25).
Ruch (17:13). A complete list of these approved
items i1s given in Appendix C. Green end Jorgenson
(7:73) elso approved this method of validating
material used for this prupose. These cuestions
were drawvn from the approved list of selected items
and treated as explained in the following pesragraphs.

Since the objective type test was the tyve
used by Josserand (9:50-64) in a similar problem sand
1s ot present recognized by 2 majority of the more
progressive people in educatlonsl work as one of the
best examining devices so far developed, this form
was selected for this work. Because the theory of
electric motors 1s basicelly a technical subject,

whlch lends itself to a csuse and effect anslysis,
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each test question was made to consist of two parbs.
Such en asrrengement practically eliminates guessing
the right enswer.

Tyler (25:24-32) recommended the use of
objective test questions for scientific subjects con-
sisting of two parts similar to the above arrangement.

Questions of this type require the student
to choose the correct esnswer from a number of possible
answers. The student was reouired to choose from a
number of possible reasons the one that expleins
correctly why the answer he has chosen is the correct
answer to the question. The following is an exemple.
1. The three-point starting box provides a shunt

motor with:
1. no voltage release.
2. overload protection.
3. underload protection.
-4, no field protection.

beceuse:

(a2) the holding coil is across the line.
(b) the holding coil is protected by starting

resistance.
-(c) the shunt fleld 1s in serles with the holding
coil.
(d) =2 holding coil resistor protects the holding
coil.

(e) the voltage across the coll will be low.

In drawing up the preliminary draft, each
gquestion was placed on a separate slip of paper and
many possible responses were listed.  (20:27-28), 1In
the final arrsngement of the question, however, only

the most appropriate answers were used. A complete




set of these test questions appears in Appendix D.
In order to proceed with this study in a scientifie

manner, the test questidns required validation,

Validity
Validity of the questions was obtained by

following the method used by Senes (20:12), recommended
by Watson and Forlano (27), and suggested by Ruch
(17:20). Validity was determined by submitting the
test to the opinion of experts. A group of four com-
petent people passed favorably on this part of the
work, &s may be seen from the comments in Appendix B.
The clarlty and understandability of the questions were
unchallenged by anyone in this group of experts.

Reliability

According to the authorities previously
mentioned the reliability of an objective type test
depends upon a number of conditions, such as relative
diffleulty, discriminatory powers, and objectivity.
The relative difficulty of these test questions was
obtained from a graph showing the number of times

each question was answered incorrectly when 188
students were examined. Rank order shows both the
relative difficulty and the discriminatory powers

of the questions (Table 1). This diagram provided the

means for arranging the questions, as the easy ones

came first and gradually increased in difficulty wntil |




Table 1,--TEST QUESTION ERRORS (188 cases)

——

s

Number | Number of

Question |of times ?rgfr Question times R:gk
missed) missed e

%1 9 1 % 27 184 38
2 48 11 28 32 7
3 110 29 || 29 92 24
4 42 8 30 99 25
5 45 9 h 31 84 22
6 141 33 l 32 49 12
7 103 27 33 52 13
8 49 12 34 64 18
9 115 30 35 70 20
10 64 18 36 107 28
11 138 32 37 12 2
12 49 12 38 129 30
13 59 15 39 151 34
14 64 18 | 40 56 14
15 20 3 4 a7 10
16 160 36 42 64 18
17 62 16 l’ 43 52 13
18 45 9 44 80 21
19 134 31 45 59 15
20 22 4 46 151 34
21 84 22 47 25 5
22 163 37 48 155 35
23 65 19 49 169 37
24 32 7 50 141 33
25 25 6 51 85 23
26 85 23 52 101 26
53 64 18

54 80 21

relation Table 2.

# Questions 1 and 27 were omitted in odd-even cor-
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the herdest ones were last Table II. From inspection
those cuestlons were found which hed been missed less
than five percent of the time and also those which 95
percent or more falled to answer. Elimination of top
and bottom guestions falling outside the prescribed
limits were made to increased reliability. See
questions marked # in Table I. See Senes (20:40,50).
Objectivity, another phase of relisbility, was ob-
tained by the use of en answer key.

After the mathematicel treatment just
explained had been applied to the test questions,
the coefficient of reliasbility was calculated by means
of the odd-even method of split halves which, according
to Anastesi (1:321-325), is the most accurate way of
determining this quantity. The formula recommended
by Treloar (23:184), employed here for celeculating
the coefficient of reliability for this test, is
given as follows:

rs= ‘Elgl_cx!-i--f

o X 7y

In this formuls r represents the degree of
correlation which exists between x and y. X end y
= the averages of the ssmples and «x and /%'are the
stenderd deviations of the meens. From the stetis=-
tical treatment of the date shown in Table £, a

coefficlent of correletion of .99265 4 0015, which

is exceptionally high for group associstion studles




Table 2,.--TEST ERRORS FOR ODD AND EVEN QUESTIONS

i m—— - —
a—

Number of Number of
044 “quessions times missed " o e times missed
1 12 2 20
5 25 6 32
7 32 8 42
9 45 10 45
11 47 a5 pr-
13 49 14 49
15 49 16 52
17 52 | 18 56
19 59 y ”
21 62 RE s
o3 64 24 64
on 65 28 70
- 82 I 32 82
33 33 25 =
37 101 e 112
4 107 40 110
a 115 42 189
43 134 44 139
45 141 46 14l
49 155 50 160
51 163 Jl 52 169
CALCULATIONS MADE IN DETERMINING CCEFFICIENT OF RELIABIL-
Zo & ITY FOR THE TEST
76,962 e IF 82.15¢4
i 2
éx; = 208,679 E“:‘ = 222,620
¥
=N~ © 8026.11538 ENO = 8562.38461
L £35 —— A
Xo = 6234.92320 Fe = 6749.1154
TZ: = 3ves 36830 ke = 1813.26920
Tx = 42,322 Txe = 42.580
ryy = +99265 40015 se = L=r2 . ons

v
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and slso excellent for individusl prediction purposes,
is obtained. From the correlastion chart Treloar
(23358) this coefficient has en individual prediction

index of approximately .85.

Group ecuivalency

Another fector in carrying out an experi-
mental study of this kind which must receive careful
consideration 1s the choice of the individuals making
up the groups to be used. They should be selected
so thet the two groups are as nearly slike as pos-
sible. There was a totel of 165 individuals in the
ten sections from which 58 matched palrs were selected.
Josserand (9$34), Among the more important
characteristics usually considered for matching groups
are the following, according to Miller (10:20),
Josserand (9:34): chronologicsl age, previous school
experience, results of carefully administered, re-
lisble new-type examinetions, speclal experlences,
such as the number of months of some speeisl training,
or the school marks given over a definite period of
time in some particular line of activity, such as
shop grades.

Since the groups were selected from & care-
fully chosen student body similer to those used by
Miller (10320), the same factors, chronological age,

previous school training, number of months in




Dunwoody, and the shop merks are the criteria which
have been used to determine group equivalency in this
experiment. Because the mean 1s & true statistic in
which all values weigh according to their magnitude,
ite use 1s advisasble for statistical purposes. See
Treloar (23:11). This arithmetical average was
suiteble in a similar situstion; so for this reason
it was employed in this problem.

The groups used in this experiment were very
similar in their previous years of school experience,
as will be seen from the data in Table 3. Against a
total of 697 years in school for the control group,
the experimental group shows 690%. The difference in
favor of the control section was seven and one half years
or one per cent, which is not significent; therefore
these groups were considered ecuivelent on the basis
of this criterion.

The second criterion considered in dealing
with the group eculvalency was the number of months
in Dunwoody Institute. Miller (10:18) pointed out
the fact that the length of time in a speclalized
course of training such as is offered at this
Institute might have considerable influence upon
student ratings. The following facts are cited to
show that no apperent difference existed in this

training time for these groups.




Table 3,--COMPARISON OF GROUPS C AND E ON THE BASIS OF
THE NUMBER OF YEARS OF PREVIOUS SCHOOLING

Years of Number in| Total for Number in |Total for
school control | each year | experimen-|each year
comple ted group tal group
2 9 .0 2 18
10 2 20 0 0
b iy 0 0 2 22
12 52 684 51 672
12% 0 0 1 124
13 3 39 2 26
14 1 15 0 0
Total 58 697 58 690%

Difference between total school years for the

control and experimental groups amounts to 6% years,

or only one percent.




The total months in sttendance, shown in
Table 4, for the control group were 617, and for the
experimentel 645, & difference of 28 months in fevor
of the latter. The averages for this training were
10.64 months for the former and 11.1Z2 months for the
latter. The standard deviations were 1.69 end 1.74
with standard errors of the means of .222 and .229
respectivly.

When the foregoing values ere substituted

in the formulas where t = Ec - Xg

T s = L

SE X + SE Xe

Treloar in the Outline of Biometric Anelysis (£3:29)
the value of t was found to be 1.504, which is not

significant.

This showed the group eguivalent within the
1imits of the errors due to random selection of
individuals on the basis of this eriterion. Two
groups having a value of t less than 2 are probably
alike as differences less than this emount are likely
due to sampling errors. Treloar (£3:25) shows that
a value of two will make the errors of random sampling
less than one in twenty when this formula is used for |
determination of probability. Therefore any value
greater than two practically elimlnates sampling
errors. -

The third fector used for checking group




Table 4,.,--COMPARISON OF GROUPS C AND E ON THE BASIS OF
THE NUMBER OF MONTHS IN DUNWOODY INSTITUTE

— - —

Studantn Group Student Group
pairs pairs
Control |[Experim'tl Control|Experim!tl
1 16 14 30 33 11
2 14 14 31 11 11
3 14 14 32 11 11
4 14 14 33 10 11
5 13 13 34 10 11
5 13 13 35 10 11
7 13 13 36 10 11
8 13 13 37 10 11
9 13 13 38 10 11
10 13 13 39 10 11
11 12 13 40 10 p i §
12 12 13 41 10 11
13 12 13 42 10 2
14 12 13 43 9 11
15 12 12 44 g 10
186 11 12 45 9 10
17 12 12 46 9 10
18 11 12 47 9 10
19 11 12 48 <] 10
20 11 12 49 9 9
21 f I 12 50 8 9
22 11 12 51 8 9
23 11 11 52 8 9
24 11 i1 53 2 9
25 1 11 54 ) ]
26 13 11 55 8 9
27 11 11 56 8 8
28 11 11 57 7 8
29 1) 11 58 7 7
—_ B G‘-— =
5 Xg = 11.22
Xe = 10.64 4
= 1,74
Ox = 1.69 g

Xg ¥ .229




equivalency was the average shop ratings received for
the months in training at Dunwoody Institute. These
marks are based on the number of jobs satisfactorily
completed each month and hence correspond very ciosely
to a performance test rating. In fact they may be
better than the actual rating on a performance test
because of the lack of facilities in many shops for
setting up. satisfactory procedures for carrying out
the tests (12:167).

The results of computations from the tabu-
lated data shown in Table 5 gave the control group an
average percentage grade of 77,707 per cent, and the
experimental group was slightly higher with 78 .026
per cent, with standard deviations of these distribu-
tions 5,908 and 4,795, and standard errors of the
means, _.776 and _.629 respectively. By substituting
in the formula t was found to be .3445, which according
to Treloar (23:25) is not significant but is very likely
due to errors of random sampling. Therefore the experi-
mental and control groups are considered simllar on the
basis of this eriterion.

The fourth and last criterion selected for
checking these groups was chronological age stated in
months. From Table 6 a total of 14,635 and 14,742
months for the control and experimental groups

respectively with averages of 252.327 + 2.81 and




Table 5 »~~COMPARISON OF GROUPS C AND E ON THE BASIS OF
SHOP GRADES AT DUNWOODY

Student Group Student Group
pasTe Control | Experim!tl PRAZA Control | Experm'tl
1 92.6 89 o4 30 76 o4 77 .2
2 89 .4 88 .6 31 76 o3 774
3 89 .4 88.1 32 76 o3 77 0
4 88.1 86 .0 33 76 .3 76 0
6 86 .0 84.5 35 763 7549
7 85.5 84.0 36 76.1 75.6
8 84 .6 83 .8 37 75.8 75 .4
9 84 .6 83.8 38 757 75.3
10 82 .7 83.8 39 75.6 75.3
11 82 .0 83.8 40 75.5 74.5
12 80.9 83.8 4 7543 74.5
13 80.8 83.6 42 74.5 73.8
14 80.8 83 .6 43 74.5 "3
15 79 .5 83 .4 44 74 o4 7346
16 79.5 83.2 45 737 73.3
17 79 o4 83 .1 46 73.6 72 .8
18 78 .5 81.7 47 73.6 72,5
19 78 o4 81 .7 48 73 .4 72 .2
20 78 .3 8l.3 49 73.4 72.0
21 78 .2 81.2 50 73 .2 72.0
22 78.0 80.9 51 73.0 71 .6
23 77 .5 79.0 52 72 .6 71.2
24 77 .5 ] 53 72 .2 70.6
25 77.5 78 7 54 72.0 7045
26 77 2 78 .5 55 71.8 70.5
27 7.2 78 2 56 71.3 69 .9
28 77 «0 77.8 57 70.9 69 ¢9
29 76 9 77.2 58 70.8 69 .1
yrafle- % . 3445 E_ = 774
B ST .
e Al Fp = 78,026
Xg = 77.707 O = 4.795
O = 5.908 SE-_ = .628

X5




Table 6.~-COMPARISON OF GROUPS C AND E ON THE BASIS OF
AGES IN MONTHS

Student Groups Student Group
Pairs | control | Experim'tl | P2ITS | gontrol| Experm!tl
1 320 332 30 248 246
2 299 301 31 248 246
3 298 300 32 248 246
4 208 298 33 248 245
5 288 291 34 247 245
6 287 288 35 246 245
7 283 284 36 . 244 244
8 280 281 37 243 244
9 275 276 38 243 243
10 274 275 39 243 241
11 271 274 40 243 241
12 270 272 41 243 241
13 269 272 42 240 240
14 268 269 43 240 238
15 266 266 44 238 237
16 257 264 45 236 235
17 256 263 46 235 234
18 256 263 47 235 234
19 255 260 48 235 233
20 255 260 49 232 233
21 254 259 50 231 233
22 253 258 51 231 232
23 253 258 52 230 232
24 253 257 53 226 231
25 250 256 54 225 231
26 250 256 55 223 227
27 249 255 56 221 227
28 249 249 57 221 227
29 248 247 58 217 207

-
- £ SE. S 2.81
[(.sz ) (55 Xe
Xp = 254,172
X, T 252,527 Og = 22.970
Jd, = 21.382

SR‘.':E = 3.01




254.172 + 3,01 and stendard deviations of 21.382 and
22,970 calculations revealed t to be .448 which is
not considered significant but‘ié probably due to
sampilng errors. Hence on the basis of this criteria
the groups ere considered to be eguivelent,

The groups on the basis of the above four
eriteria, previous schooling, number of months in
Dunwoody, percentage ratings for the shop work snd
chronologicel ages were not proven statistically dif-
ferent end therefore may be considered equivelent for

this experiment.

PROCEDURE

The shop work

All shop work for the entire experiment
was taught by the writer. Each student's daily pro-
gress was recorded on a chart posted in the shop.
A total of éixty hours of shop work was given in this
unit of instruction. The control an@ experimental
groups in this study were both taught shop work in the

sane nmeanner.

The class work

A total of 12 hours was devoted, by the
writer, to teaching the shop knowledge classes and
these classes were conducted in the same manner

throughout the study.




The interest Tactor for both methods
appeared to be equal, but the writer had no way of
knowing how much home work was done by the students
with either procedure.

The trade knowledge was the work around
which this experiment centered. As explained before,
these classes met three times each week on elternate
days. The control group recelved instruction in the
traditional manner, as explained on pages 2 = 5,
while the experimental class work was conducted fol-
lowing the anelytical method, as explained on peges
6 - 11.

Test administretion

The theory (T.K.) test used in this study
was given within the Tirast two days of the school
month and again on the fourth Wednesday of the month.
One period of 45 minutes wes allowed the groups for
the first triel and two periods or en hour and & half
for the final rating. The results obtained from the
first administrestion of this examination were used to
check upon the previous knowledge the students in
the groups had regarding direct current motors and
control apparstus. Josserand (9:50). The final data
were used in measuring the comparative achievements
of the two groups, by means of the statistical formula

recormended by Treloar (23:29) for this purpose.




t = X0 = XE
‘(SE':%G)‘3 ¢ (8Ex,)®

The preliminery work in carrying out this
experimental study hes all been done with cere end
sccording to the approved procedures found suitable
by others doing a similer type of work.

Answers have been found in this chapter to
the following previously unanswered questions:

1. What 1s the snslytical method?

a, How is 1t orgenized?

b. How is it presented?

¢c. How does it differ from the traditional
method?

Question number four, 4. What are the results?, still
remeins unsnswered. The answer to this guestion will
be found by epplication of formulae presented in
Chapter III to the results obtained from the

administration of the theory test.




Chapter IV
FINDINGS AND DISCUSSION

The procedure for selecting test items, or-
ganizing test questions, validating test items and ques=-
tions, and establishing the reliability described in
Chapter III, were found satisfactory for this experiment
in evaluating the analytical and traditional methods of
teaching direct current motor theory. The fact that
Senes (20:22-32) used the same steps in organizing and
validating a test for condult electricians at Joliet
Township High School, Joliet, Illinois, with excellent
results established the precedent for this part of the
work . '

The information on the reliabllity of the test
was obtained from the response data accumulated when the
questions were given to 188 electrical students over a
three and one-half year period.

Table 1, column 1 shows the number of the
question, column 2 the number of wrong responses obtained
from the results, and column 3 the rank order. All
omitted responses were included with the incorrect
answers, Rank order was found by placing the easiest
question first, i.e. the one which the largest number

answered correctly, and proceeding with the more




difficult ones until the one missed the greatest number
of times was last on the rank list., Senes (20:40)
stated that a test arranged in rank order had better
reliability than an unranked test,

In ranking the test questions the writer fol=-
lowed the procedure set up by Pintner (14) for deter-
mining discrimination:

Those items of a test in which the percentage

of "failure" was more than 95 percent and less than
5 percent were eliminated because they were con-
sidered as not sufficiently discriminative.

Five percent of 188 is 9. Thus any question
that was missed less than ten times and more than 178
times was eliminated. Inspection of column 3 in Table
1 shows that the first question was missed only nine
times, and question 27 was missed 184 times. In order
to increase the rellability of this test questions 1 and
27 (marked with an %) were eliminated, and the data used
in this experiment were accumulated from the remaining
52 questions. Using the odd-even halves method with
the formula given in Chapter III the coefficient of re-
liability was found to be .99265 © .0015.

This direct current motor theory test, checked
for both validity and reliability, was given to all
classes at the beginning of the experiment. 1/ This

procedure was followed to ascertain any significant

1/ See Appendix D.




differences in the knowledge these groups might have had
before the work was given (9:49). Results of this test
on the two groups, each consisting of 58 matched pairs,
are shown in Table 7.

The data secured from administering the test
were treated by using the formulae recommended by
Treloar (23:29). They ylelded the following facts con-
cerning the previous information these people had re-
garding direct current motors. The average for the
control group was 9.017 and for the experimental group
7.693, a difference of 1.324 in favor of the control
group. The standard deviation of the distribution
was O0¢c ® 3.50 and 08 7 3.56 with standard error of the
means having values of .470 and .466 respectively.

The value of t was found to be 1.99., Since
it was found to be 1.99 it may be concluded that there
was & significant difference in favor of the control
group in respect to their knowledge of motor éhaory and
control devices at the beginning of the experiment.

To determine the relative effectiveness of
teaching the theory of direct current motors by the ex-
perimental method énd the traditional method the direct
current motor theory test was given to all stulents at

the end of the experiment.




Table 7 .--COMPARISON OF GROUPS C AND E ON THE BASIS OF
THE FIRST ADMINISTRATION OF THE TEST

Student Group Student Group
pairs | control|Experim'tl pairs | gontrol|Experm' tl
1 15 15 30 9 T
2 15 15 31 & 7
3 15 14 32 8 7
4 15 14 33 8 v
5 15 13 34 8 7
6 15 13 35 8 7
7 14 13 36 8 7
8 14 13 . 37 8 7
9 14 13 38 8 7
10 14 12 39 8 6
11 13 11 40 7 6
12 13 11 42 7 6
13 13 11 42 7 5
14 12 11 43 7 5
15 12 10 44 7 5
16 12 9 45 6 5
1% 12 9 46 5 5
18 11 9 47 5 4
19 11 9 48 5 4
20 11 9 47 5 4
21 10 8 50 5 4
22 10 8 51 4 3
23 10 8 52 4 3
24 10 8 53 4 3
25 10 8 54 4 3
26 9 8 55 3 3
27 9 8 56 3 2
28 9 8 57 3 2
29 9 8 58 2 2
e — X b, =
Jsgi ;E % 199 SExe._ 470
-
f % %z = .7693
x = 9,017
e O-’it z 3.56

S = 3,59

Xe SE=_. = ,466




It was found that the control group had a mean
score of 29.052, and the experimental group received an
average of 31,.,569. This showed an advantage of 2.52 for
the experimental section. The standard deviations of
the distribution of these means were Ok *5+51 and
0%, 4471+ It was found that t was 2.69. Since any value
over 2. shows the difference in means to be real, and
not due to errors of random sampling, it is safe to say
that the knowledge of the theory of direct current
motors shown by the experimental group was definitely
superior to the knowledge of the control groupe.

Because this test was carefully formulated
according to approved methods and drawn from recog-
nized sources of properly validated material, with the
coefficient of reliability being .99, the assumption
may be safely made, that any results revealed by its
use are dependable when they are above the significant
figure 2. The difference in the knowledge of the theory
of direct current motors and control apparatus that had
been gained by the experimental group as compared with
the control group seems to be more significant than was
indicated by the value of t which was 2.69.

This conclusion is based on the fact that at
the beginning of the experiment recording to the first
administration of the test, the control group had a
greater knowledge of the subject than did the experimental




Table 8.--COMPARISON OF CONTROL AND EXPERIMENTAL GROUPS
ON THE BASIS OF THE FINAL TEST

Group Group
Student Student
Control|Experim'tl n Control| Experm'tl
1 41 40 30 30 32
2 37 40 31 30 31
3 36 39 32 30 31
4 35 39 33 30 31
5 35 39 34 30 31
6 35 38 35 30 31
7 35 37 36 29 30
8 34 37 37 29 30
9 34 37 33 28 30
10 34 36 39 28 30
11 33 35 40 28 30
12 33 35 4] 28 30
13 33 35 42 27 30
14 32 35 43 27 30
15 32 35 44 27 29
16 32 35 45 27 29
17 32 35 46 26 29
18 32 35 47 26 29
19 32 35 48 26 29
20 32 34 49 26 28
21 31 34 50 25 27
22 31 34 51 24 27
23 31 34 52 24 27
24 31 33 53 23 26
25 Sl 33 54 22 26
26 30 33 55 22 25
27 30 33 56 21 24
28 30 33 87 20 23
29 30 33 58 19 23
Ll =t O, = 698
R X 7.

5 3

T

t =

= 5,31

= 29,0517 .

Xg =-31.5689
Og = 4.711

O}E = .618




group. The value of t at the beginning of this experi-
ment was found to be 1,99 and to be in favor of the con~-
trol group. Therefore the analytical ;ethod of teaching
the theory of direct current motors to electrical stu~
dents has proven superior to the traditional method of
presenting the same material. Question 4, What are the
results shown by the analytical approach? has been

answered.

Discussion

Question 1, What is the analytical method? was
answered in Chapter III. A complete explanation of the
analytical method for teaching theory of direct current
motors 1s given in Appendix A.

Questions 2 and 3, How are the test groups set
up? and How are the results of the test evaluated? were
answered in Chapter II.

Question 4, What are the results shown by the
analytical approach? was answered above by a statistical
analysis of test data,

The results of the final testing of these
groups showed definitely a greater increment in achleve-
ment for the experimental group taught by the analytical
procedure than was made by the control group taught by
the traditional method. This conclusion was reached
from the results obtained when the difference between
the means for the final test was found to be significant




2469

| Because the difference between the means for
the final test revealed the significant figure of 2.69
the conclusion was drawn that the chance for errors due
to random sampling was less than one in one hundred
(23:25), and that the superiority of the traditional
group over the control group was due solely to method.

Thus once more the effects of visual aids,
along with an organized thinking procedure, have proven-
superior to less systematic though perhaps equally
logical presentation of the same facts. These findings
- bear out the conclusions reached by Crawford, Haynes,
and Norton in their raﬁoarch reviewed in Chapter II;
namely, that the increment of learning is greater when
visual aids are used in giving instruction. The findings
also confirm the opinions of such men in the field of
education as Zeleny, Draffin, Roys, Rogers, and Creasey,
as well as many others, that technical and scientifiec
subjects need additional visual aids and organized
thinking procedures in order to interpret theory and
apply it in concrete situations of every day life.

This method of teaching the theory of direct
current motors has not only been applied to one electri-
cal device but the theory of direct currentv generators,
transformers, magnetism, and alternating current motors,

has been presented to groups of trade preparatory and

extension students during the past four years with




satisfactory results. Many of the young men in these
classes stated that this method provided them with
"something with which to think" and was much more satis-
factory than the usual procedure followed in learning
the theory of electricity.

The writer of this experiment also tried out
the analytical method and this direct current motor
theory test with a group of evening school students in
trade extension work during the winter of 1940-41. Prac-
tically every man in the group of 20 expressed very
favorable reactions. A number of extension students who
were employed in concerns doing electrical maintenance re-
ported the skeleton dilagram enabled them to find motor
troubles readily. One man was so enthusiastic about the
diagram that he said it was worth $200 to him on his work
of direct current motor maintenance and operation.

The work in this experiment required two ma jor
things to be done: A suitable testing instrument for
measuring the achievement of the students working under
the different methods, and the analytical teaching pro=
cedures had to be developed. The analytical method of
presenting the theory of direct current motors had to be
organized and explained in a thorough understandable way.
Both of these tasks have been accomplished with suffici-
ent accuracy and care to produce results which were sig-

nificant when treated statistically as the figures in

Table 9 show.




Table 9.-~COMPARATIVE RESULTS ON THE EQUIVALENCY OF GROUPS AND THE RELATIVE EFFECTIVENESS
OF THE TEACHING METHODS

— = —- — S ——

i

Control grou Experimental group
Criteria of (58 cases) > (58 cases Difference
equivalency t
Mean S.D. SeXy Mean S.D. SeXg
Chronological
age in months | 252,327 | 21,382 2.81 254,172 | 22,970 3,01 «448
not significant
Months in
Dunwoody - = 10,64 1.69 222 11 .12 1,74 229 1.504
not significant
Shop grades in ‘ T
percentage =- 77,707 9,908 774 78,026 4,795 «628 35445
: not significant
#Previous
school years 12,02 438 0875 11.67 2.125 286 «322
First adminis-
tration of test 9,017 3459 «470 7 693 3 .56 466 1,99
' significant
Second adminis-
tration of test| 29,052 5431 «698 31 .569 4,71 «618 2 .69
significant




—————————— 1% A L e i

Additional work remains to be done on this
problem. The analytical method should be tried in other
schools teaching the theory of electricity where other
teachers with larger numbers of students may exper iment
with it. If the method were used in presenting the
theory of other electrical devices such as the transfor-
mer, direct current generator, and the alternating cur-
rent motor under controlled conditions, additional evi-
dence would be made available on the range of .electrical
devices to which the analytical method could be success-
fully applied.

Other problems for
further study

l. The effectiveness of the experimental
method and the control method in helping men recall and
associate the knowledge of the theory of direct current
motor and control apparatus should be evaluated at the
end of a 2-year pericd.

- 2, Experienced electricians should check the
usefulness of the diagrams as trouble-shooting devices
on the job.

3. A variety of other new type scientific
tests of this nature should be constructed for measuring
the effectiveness of teaching and learning the applica-
tion of electrical theories to other devices.

The solution of the. foregoing problems should

extend the body of scientific knowledge upon which the




method of teaching the application of electrical theories

to vocational students are based,




Chapter V
SUMMARY

Conferences with employers snd with
evening extension students at Dunwoody Institute
revealed several years ago, that both felt there
was a very definite need for men who would be sble
to apply thelr treining in the theory of electricity
to the field of "trouble shooting" on electrical
equipment. In an effort to solve this problem the
writer has been experimenting for the past four years
with new methods of presenting and explaining the
theory of electricity. The analytical approach to
the subject and the use of boxheads, diasgrams, and
skeleton arrangements found considersasble favor among
both trade preparatory and extension students.

Since the method was new thlis guestion
naturally wess What is the effectiveness of the
analytical method of presentation compared with the
traditional method of teaching the theory of direct
current motors? In order to evaluate the two methods
the problem was set up as a scientific study. This
procedure led to the following problem anslysis:

1. What 1s the analytical method?

a. How is 1t organized?




b. How is it presented?

¢c. How does it differ from the trasditimadl
method?

2. How are the test groups organized?

3. How sare the results of the two
evaluated?

4. What are the results shown by the
analytlical spproach?

Answers to question two and three were found in the
literature reviewed in Chapter II. Authorized
procedures were found for setting up and checking
the equi&alency of the personnel in two sections
used for eonducting an experimental study similar
to this one. MWethods for evaluating the results
obtained were glso found end outlined in the same
study.
Data for this study were obtained from the

following four sourcess

1. Test items were selected from the course on
direet current motors given at Dunwoody Industrial
Ingtitute. The background for much of this was pro-

vided by Americen Electricians Handboock, Electrical

Machinery by Croft, and electrical equipment
bulletins provided by manufacturers.

2. The 120 test items were velidated by 50 men
from the St. Paul, Minnesota, Electrical Workers Unién
No. 110,

3. The questions set up from the test items were




checked and highly approved by four people with both
trade and school experience.

4., Ten sections of electricel students were
selected from the classes st Tunwoody Institute during
the past four year period to receive experimental
instruction.

The pursuit of the problem recuired the use
of two teaching methods in order that data might be
available for a statistical comparison of the
effectiveness of the snalytical procedure.

All sections covered the same shop jobs and
devoted the same periods to job report "writeups" and
discussion. DBoth groups did the same shop work and
discussed shop Jobs and shop procedure in class.

Only in the presentetion of the theory of direct cur-
rent motors did the methods differ.

The treditional method used in this study
presented the essential theory of direct current
motors from a standard text book. Students were
assigned sections from the text. After these had
been studied, class discussions were held using charts,
models, blackboard diegrems, and real pieces of equip-
ment. Problems from the text were then used to in-
sure g more complete snslysis of the various
situations. Sometimes these problems were worked in

class; sometimes they were used as home assignments.




Such items as terminsl voltage, field flux, armsture
current, toroue, losd, speed, counter-electromotive
force, and ermature circult resistance were very care-
fully covered and stressed in the class discussion.
On the other hand the method which was
stressed in the experimental classes was a departure
from the conventionsl procedures. Lessons were never
given as memory asslgnments but work of such & nature
was provided that the student obtained his under-
standing by filling in boxheads, snalyzing the infor-
metion in the boxheads while making immediate relations
charts, and following out the relative or inter-
mediste effects existing among the operating factors
of losd, speed, torgue, counter~-electromotive force,
armature circult resistance, end terminsl voltage;?
This teaching procedure developed cause
and effect thinking and at the sesme time gssociated
the necessery items for understanding motor operation
into a skeleton framework of ideas. Such a diagram-
maetic arrangement through associstion helped the
students to & concrete understanding of electric
motors end ensbled them to do & better job of
enalytical thinking as is revealed in the test

results shown in the summsry table (Tsble 9).

1./ See Appendix A.




OF THE TEACHING METHODS

Table 9.--00HfARATIVE RESULTS ON THE EQUIVALENCY OF GROUPS AND THE RELATIVE EFFECTIVENESS

f— —_— =
Control group Experimental group
Criterla of (58 cases) (58 cageg?. Difference
equivalency —
Mean S.D. SeXg Mean S.D. Se¥g t
IChronclogical
age in months | 252,327 .| 21.382 2.81 264,172 22,970 3,01 448
Not significant
Months in :
DuI!WOOdy s b 1.0 064 1 069 0222 11 012 1 074 0229 1 0504 .
Not-significant
{Shop grades in
parc@ntage - 77 ;707 5.908 o174 78,026 4,795 «628 3445
Not significant
{Previous
school years 12,02 438 0575 | 11.67 2.125 «286 e IR2
First adminis-
tration of test 9.017 3 .59 470 7 .693 3456 «466 1.99
Significant
Second adminis-~
tration of test 29 .062 5.31 698 31 .569 4,71 «618 2 .69
Significant




This summary teble showed the groups used
in thls experiment to be equal on the basis of age,
previous schooling, number of months in Dunwoody
Institute, and shop marks on a percentsge basis for the
shop time. DNone of these criteris exceeded the
critical ratio two set up as the point of significance
for this experiment.

There were certain varlables in gsthering
the data for this report over which the experimenter
had no control. The smell number of classes regulred
glternating the methods from month to month over a
considerable period of time. Thils arrengement intro-
duced seesonal conditions; for interest is always more
keen when job prospects are good. The physical con-
dition of the instructor might also be a variable
factor.

The test developed to check the relstive
effectiveness of the two methods of teaching the theory
of direct current motors proved to be excellent. The
coefficient of reliebility wess .99 which is high
enough for excellent individusl dlagnosis--something
rarely found in tests unless a great deal of work has
been done with them. Such a reliable instrument en-
hances the value of the findings shown in Teble Q.

The results of this study indicate thet the

analytical method wes superior to the traditionsl




procedure for teaching the theory of direct current
motors, at least under the conditions of this experi-
ment. In view of the fact that the control group wes
significently superior to the experimental group at
the stert and that the latter completed the work of
the experiment with a significant difference of 2.69
over the control group, would seem to prove fairly
conclusively thet visusal 2ids together with the
analytical presentation provide learning experiences
which are superior to those which have been used

heretofore.
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Appendix A

THE ANALYTICAL METHOD OF TEACHING

THE THEORY OF DIRECT

CURRENT MOTORS




SECTION I

The plan of organization for this material is

shown by the following nine steps:

1.

2.

3.
4.
Be
6.
T

Select Basic or Fundamental Principles for
Each Machine Analysis.

Explain these Facte by Using the Following
Box Head:
a. Baslc factor d. Unit of measurement

b. Symbol e. What it does
C. What it is f. What it primarily
affects

Make a Rectangular Chart of Direct Relations.
Develop Indirect Relations.

Check with Circle Arrangement Diagram.
Develop Skeleton Diagram.

Analyze all Usual Conditions with Skeleton
Diagram.

Make List of All Other Items Affecting COper-
ation of Machlne. Use Box Head under 2.

Connect Them in Their Proper Relation to
Essential Factors in the Skeleton Diagram.

This arrangement provides the learner with a

progreseive order for accumulation of information and 1is

the means by which he is enabled to do something with

the facts he is learning. It challenges his analytical

abllity at every step and at the same time provides a

mechanical arrangement which greatly aids his thinking

and keeps hls interest keenly alive. When he has lived




through these nine steps, he not only knows the theory
of the principles involved but also he knows he can use
what he has learned and can reach logical conclusions

in his reasoning.




DIRECT CURRENT MOTORS

All the operating characteristice of the three
types of direct current motors can be satisfactorily ex-
plained by the use of eight basic or fundamental con-
cepts. These are: motor terminal voltage, field flux,
armature current, torque, load, speed, counterelectro-
motive force, and resistance in the armature circuit.
With a clear understanding of these factors in all their
relationships the reasoning necessary to reach logical
conclusione can be easily and correctly followed.

The first task for the beginner is to become
thoroughly familiar with these eight basic items indivi-
dually as well as in all thelr relationships to each of
the others. The next few pages attempt to set up this
material so as to direct the learner in a logleal and
progressive order of analysis. The first task 1s to
learn about each of the eight items. When this materlal
18 organized in a box-head as shown on page 15, the dir-
ect relationships are determined. After the direct re-
lations are tabulated, the indirect ones can be found
from the chart. Now the learner 18 ready to make the
skeleton diagram which serves as a chart for all analy-
8is work pertaining to the operation of the motors them-

selves.
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After a thorough knowledge of the operation of
each of the three types of direct current motors 1s ob-
tained by this process, the effects of the many minor
items may be studied. If the item requires search for
the information, the next step i1s to make a boxhead for
it in the same way as was done for the basic factors.
This will show what the detall primarily affects and
where it works into the skeleton diagram. Tracing its
effects on the motor operation now becomées routine.

A brief explanation of the elght basiec factors
or fundamental principles used in this study of direct
current motors follows. The next few pagee are devoted
to an explanation of:

1. Terminal voltage
2. Pole flux
3« Armature current
4. Torque

Load

Speed

Be
6.
T. Counter-electromotive force
8. Armature circuit resistance




MOTOR TERMINAL VOLTAGE

The voltage at the motor terminals or the volt-
age at the motor end of the line is called the motor ter-
minal voltage. No one thing 1s more important in obtain-
ing satisfactory motor performance than the correct oper-
ating voltage. If this 1s more than ten percent above
name-plate rating, the speed will be high and the fields
may be subject to excessive heating. On the other hand,
if the applied voltage 1s more than ten percent below
normal, the epeed will be too low and the armature cur-
rent excessive. This additional current on the line will
cause more line drop and aggravate a situation which is
already bad.

' Besldes the motor current, the other things
which tend to lower motor terminal voltage are size,
material, and length of wlre used for motor installation.
Under extremely adverse conditions temperature must be
given consideration. The National Electrical Code and
Local Ordinances require that nothing below a certain
minimum size of wire be used with varlous slzes, types,
and motor voltages for installation purposes. These re-
quirements afford some measure of protection to the manu-
facturer and purchaser of the motor, but by no means

solve the problem of motor installation.




Another condition which may cause the motor
user trouble with motor terminal voltage is the line or
supply voltage. If the voltage regulation of the power
company lines is poor because of inadequate regulating
equipment, trouble may result for the motor user. This
often occurs in small plants where there are a few users
of power having large machines. Too long lines for the
transmission voltage used willl also cause low voltage at
the motor. Load conditions on the line will affect this
valve as well as any varlations in the generated electr-
motive force. All the line drop between the motor and
the source of electro-motive force taken from the gener-
ated voltage will give the terminal voltage avallable for|
the motor. If a motor is to have the right terminal
voltage, the proper amount of copper mugt be installed
to keep the line drop within definite limits and suffi-
cient electro-motive force must be generated.

All good designs of motors provide for satls-
factory operation of the machine with a change of ten
percent either over or under the name-plate voltage.
However, it is always good practice as well as economy
to stay considerably above the low limit. Good engineer-
ing and economical production require that motors operate
at the proper voltage, that 1s, the name-plate rating.

It is also eseential that once the line voltage
i1s established there should be only a limited variation

in the supply. If there 1s a condition in which large




fluctuations in load must be met, expensive regulating
equipment must be provided. Thig can be afforded only
by large power companies because of the initial invest-
ment costs for generating capacity and transmission lines

as well as for the regulating equipment itself.




FIELD OR POLE FLUX

The field on a direct current motor is produced
by paseing current through a coil of insulated wire wound
around a soft iron core. This 18 accomplished by any one
of three methods.

The first method uses a large number of turns
of relatively small wire so that the resistance will be
comparatively high. This makes possible the comnection
of the field coils directly across the line supplying
the voltage. This is called a shunt field conneetion,
in which the field and armature circulits are in parallel.
(Figure I.)

The second methoq uses a few turns of relative-
ly large wire for the fileld coils. These are connected
in series with the armature and must carry all the cur-
rent supplied by the line to the motor. This method of
produeing the field flux 1s called series excitation.

The third type of field exeltatlon 1s accom-
plished by using both a shunt and series winding on the
game pole core. These two windings by their combined
effects produce only one pole flux in the core. When
these two coils on the pole core are both producing flux
in the same direction, that is, when each one has the

same polarity as the other, the core flux is cumulative




and the coils are cumulatively connected. If the
from the serles coil 1s in the oppoegite direction
flux from the shunt coil, then the colils are said
"bucking" and the fluxes are substrative in their

fects. This is called a differential connection.

flux
to the
to be
ef-




ARMATURE CURRENT

The armature current of a motor passes through
the armature colls and makes a magnet of the armature,
thus setting up one of the magnetic filelds necessary to
produce torque. The current causes each tooth of the
armature to become magnetized. Thls armature flux pas-
ses across the armature at right angles to the pole flux
and 1s thus known as creoss magnetization.

The line voltage 1s applied to the armature
circuit. A part of this voltage causes the armature
current to pass through the resistance (r) of the arma-
ture circuit. The formula for this 1is: JIa = e/r. Ia
is current in the armature, r the resistance of the
armature circuit, and e that part of the line voltage
necessary to force Ia through r. This may also be ex-
presged by the formula terminal voltage minus the
counter-electromotive force divided by the armature
recistance (r) equals the armature current (Ia). Anoth-
er formula for this quantity is Ia = TV-cemf

This armature current functioga exactly the
same way in all types of direct current motors so far as
the armature itsgelf is concerned, its one function being

to produce the armature flux.

The armatures for all three types of direct
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current motors are essentially the same. Variations in
construction may occur to meet certain mechanical condi-
tions of the various motor applications, but electrically
they are identical for the shunt, seriee, or compound
motor. Coil lead connections to the commutator will

vary with the winding used.




TORQUE

Torque 1s the turning force which makes the
motor run and gives the motor necessary effort to pull
the load. It is measured as the product of the turning
force in pounds at the end of an arm times the length of
the arm in feet. The unlt of torque measurement is a
pound foot. This means that torque 1s measured in pounds|
acting on a one foot radius. In some instances the unit
of measurement may be an inch pound, 1n which case the
length of the arm is measured in inches instead of feet.
Torque measured by the Prony brake is not determined
directly, as it is the reaction to torque that 1s actu-
ally measured by this method. 8Since actlon and reaction
are always equal and opposite, the results are correct
for torque.

The attraction and repulsion of the pole flux
for the armature flux creates this turning force which
we call torque. It 1s always necessary to have at least
two magnetic fields in order to produce this turning
force. If more than two magnetic flelds are present,
they combine in such a way that the resultants produce
the torque. This is 1llustrated in the compound motor,
where the pole flux 1s made up from two magnetizing

forces--that is, the shunt field winding and the series




field winding.

"The subject of torgue is more clearly and def-
initely understood for the three types of direct current
motors from a study of the graphic 1llustrations for
each type in Figures 1, 2, and 3.

How torque 1s produced in & shunt motor:

6 J T 7
%
&9 O«
Light load Medium load Heavy load
Fig. 1 Fig. 2 Fig. 3

The outside circle represents the torque need-
ed to care for a definite load on the motor. In the
shunt motor this is produced by a constant amount of
pole flux ( @ ) which does not change appreclably under
normal operating conditions (Figure 1l). As more torque
is needed for larger loads, the armature magnetism 1s
increased by more armature current only (Figures 2 and
3). This makes the torque in a shunt motor directly
proportional to armature to armature current, at least
until the saturation point of the armature iron 1is

reached.

Figure 4.-—Hirihg dlagram for direct current shunt motor




T R —— — ——

LOAD

Any work that an electric motor may be doing
is called the load. Measured in unite it is called
horsepower (H.P.) Usually this is a productive job and
involves changing the shape, surface, location, or phys-
ical qualities of materials. Naturally the amount of
power used will change considerably with various condi-
tione of the materials. Some of this variation will be
caused by temperature, humidity, and physical state as
well as the amounts being handled in a unit of time.
Thus a motor in meeting the demands of production must
vary the amount of power delivered to the machine it is
driving.

The rate of production is one of the determin-
ing factors in the amount of power used by a machine.
Hence apeed must be conslidered as well as the torque
when calculating or testing the power required to drive
a machine. If rate of production is to be increased,
either of two methods may be resorted to. The machine
may be made larger and therefore will require a larger
motor to operate it with no speed inecrease, or the
machine size may remain unchanged and the speed in=
creased. But 1t requires more motive power (torque) to

increase the speed; so nothing whatever is gained on
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the power applied, although either method will increase
production. This same idea is expressed by the state-
ment that power is the product of speed and torque.

Load may be considered from two angles, namely,
the power consumed by the machine or the power delivered
by the motor. Obviously these are exactly the same, but
for the purpose of clarifying the understanding of motor
operation it may facilitate matters at times to consider
the load-handling poesibilities of the motor itself as
the load rather than the load handled. When viewed from
the angle of ability of the motor to handle load, it is
easlly seen how an increase of speed will increase the

work performed by the motor.
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SPEED

The speed of any machine is considered as the
number of revolutions which occur in a definite interval
of time, usually one minute or sixty seconds. This num-
ber of revolutions in one minute 1s referred to as the
R.P.M. of the machine and is always to be found on the
name-plate of rotating electrical machinery.

Speed directly affects production; therefore
it should receive very careful consideration on the part
of the electriclian. Every factor which affects the
speed of motors should be thoroughly understood and
appreclated by the man in charge of electrical equipment.
Load will change speed, and at the same time a change in
speed will affect load (production). Any change in
speed has a direct effect on the counterelectromotive

force of the motor armature.




CCUNTER-ELECTROMOTIVE FORCE

Counter-electromotive force is the voltage
generated in a motor armature as it rotates in the mag-
netic field of the pole flux. It is called counter-
electromotive force because 1t 1s opposite to and op-
poses the line voltage. For thls reason it is one of
the most essential factors in the control of current
flow through the armature of a motor. In fact it is
the one essential controlling force over the armature
current in all motors under operating conditions.
Counter-electromotive force may be found by driving the
armature of the machine at its exact motor speed with
the same amount of motor field current so that the same
pole flux is cut by the armature conductors. The volt-
age measured on the armature terminals will be the
counter-electromotive force. It is sometimes determined
mathematically by subtracting the Ir drop of the arma-
ture from the line veoltage. C.E.M.F. = TV « Iar.

The speed at which the armature rotates as
well as the amount of pole flux ( @ ) the conductors
cut directly affects the counter-electromotive force.
Since this counter-electromotive force is really the

power governor of a motor, all the factors which cause

it to change should be thoroughly understcod and analyzeq




by the motor student.

The only thing that counter-electromotive force
directly affects in motor operation is armature current,
which is the variable factor in the production of torque.
Armature current i1s extremely sensitive to changes 1n
counter-electromotive force; therefore all factors which
affect pole flux and speed should be thoroughly under-
stood, as these are the ones which have a direct bearing

on counter-electromotive force.




=

ARMATURE RESISTANCE

The reslstance of the armature of a motor is
determined by the winding, the size, and the number of
turns per coll as well as by the number of coils. The
paths through the armature also help to determine its
resistance. These naturally are determined by the num-
ber of brushes making contact with the commutator.

Since all the resistance of the armature cir-
cult 1s usually considered as the armature resistance,
the brushes, pigtalls, and contact resistance to the
commutator must be Included as well as the actual ohmic
resistance in the armature 1tself. The leads through
the frame also add thelr resistance, although this is
usually rather small. ‘

In the case of compound and inter-pole motors
the resistance of both these field windings is included
a8 part of the armature resistance. A complete plcture
of the resistance of an armature can be made from an
investigation of the formula, R= _K L , where K is the
mil foot resistance of the wire usegmto wind the arma-
ture, L is the total length of the winding in feet, and
cm 18 the circular mil crose sectional area of the par-
allel circuits tﬁrough the armature. High temperature

will cause the resistance to increase. Ventilation aids
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in keeping the temperature down to normal, which is con-
sidered to be from 40° to 70° centigrade. Resistance in
the armature circult directly affects the current in the
armature and the velt drop this current will cause in

passing through.




CONDENSED INFORMATION CHART

This chart 1s offered as a ready reference
instrument to aid in makling the direct relations chart.
It will be valuable not only for this purpose but should
prove an excellent study device for cataloguing infor-
mation on all the less important detalls affecting oper-

ation of motors.




BOX-HEAD INFORMATION CHART ON EIGHT BASIC MOTOR FACTORS

——

—_

Basic

—

What it immediately

Units of
factor Bmag measurement; e B FOES-26 Rees affects
Terminal T.V. Veolt Pressure from Forces the cur-| The current through
voltage which the elec~- rent through various motor circu:lt.q
tricity comes the motor cir-| especially the shunt
to run the moton| cults, field.,
Pole flux a Line of Magnetic field Provides one of | It is one of the forces|
force of the motor the magnetic which makes the tur-
flelds neces=- ning effort or torque
sary to run a
motor.,
Armature Ia Ampere Source of mag- Provides the It directly affects
current netism for the second magnetic| torgue.
arma ture field necessary
to run a motor.
Torque T Pound The turning ef- It pulls the The load or the speed
foot fort set up by load and de- or both may be di-
the pole flux velops the rectly affected by it.
and the arma- speed.
ture flux.
Load H.P. Horse The work the Causes electri-~ | The counter-slectro-
power motor does. cal energy to motive force is di-
be used by the rectly affected by
motor. the armature speed.




BOX-HEAD INFORMATION

CHART ON EIGHT BASIC MOTOR FACTORS (continued)

Basic Units of What it immediatel

factor Symbol measurement What 1t is What it does affects 7

Speed R.P M. Revolutiona| The rate at Causes the load The counter-electro=-
per minute| which the arma- to be revolved | motive force is di-
or revolu- ture revolves. through the can~- rectly affected by
tions per necting link- the armature speed.
second age.

[Counter- |[C.EM.F.| Volt The voltage gene-Helps control the (The armature current
electro=- rated by arma- flow of curremt | is forced through the
motive ture turning in| through the armature resistance
force the magnetic motor armeature. | by the difference be-

flux of the pdles. tween the line vol-
tage and the counter-
electromotive force.

Arma ture r Ohm The ohmic resis-| Helps limit the |The amount of current
circuit tance of the current in the | flowing through the
resistance whole armature armeture cire- armature circuit of

circult. cuit when vol- | a direct current
tage changes motor.
occur.
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First rule off a rectangular set of spaces con-
siatipg of sixty-four small rectangles as shown above.
From the upper left hand to the lower right hand corners
draw a diagonal line across the chart. Down the left
hand side and across the top, insert the symbols for the
elght fundamental factors as shown. Use the ldentical
order in both series. Thls arrangement provides a ver-
tical and a horizontal column for each one of the sym-
bolse. The diagonal line blanks off the squares common
to each individual symbol. This 1s similar to the
schedule of big league baseball, in which all the play-

ing dates of each team for the season are shown in the




rectangles.

This chart provides a device on which can be
shown and recorded all the relationships that exist among]
the eight factors. These relations carefully worked out
will provide the learner with the basic knowledge re-
quired for a working knowledge of motor operation.

There are three relationships which exist among
these eight basic factors: an immediate relationship,
in which one factor affects one or more of the remaining
ones; an indirect or relative relationship, which is an
effect through one or more of the other basic factors;
and no relationship at all. Examples of a direct rela-
tionship are shown by the effect of a change in voltage
on the shunt field flux, of a change in load on the
speed of a motor, and of a change in field flux on the
counter-electromotive force. Examples of an indirect
effect are shown by a change in speed of a motor when
the terminal voltage ¢thanges, a change in armature cur-
rent when the load is changed, and a change in speed
when the field flux 1s increased or decreased. Illus-
trations of those factors which have no effect on the
others are shown by the facp that speed has no effect on
armature resistasnce, field flux hae no effect on terminal
voltage, and load has no effect on the resistance of the
armature circuit.

An immediate relation is one in which a factor

affects another without having to do it through any other




member of the group. This relationship may involve
other information such as Ohm's law, volt drop, cir-
cuits, etc., not mentioned directly in the elght points,
but would still be considered as immediate for analyti-
cal purposes.

A fundamental knowledge of electricity, mag-
netism, circuits, and elementary mechanics such as 1is
given in a high school physics course is essential be-
fore satisfactory progress can be made with this study.
A clear understanding of these subjects will greatly
enhance the results from this method of handling facts
in gaining an understanding of direct current motor oper-
ation.

Filling in each rectangle of the chart requireq
a declsion on three possible conditions. 1Is the rela-
tionship immediate, relative, or negative? Start with
voltage on the left hand side and work in the horizontal
column. It is desired to know what effects a change in
voltage would have on each of the other factors listed
acroes the top above this column. The first one of these
is what effect voltage change has on pole flux. Refer-
ring to the dilagram of the shunt motor circuits, Figure
I, it will be seen that the line voltage is applied dir-
ectly to the coills on the pole cores. If a change in
this pressure occurs, the current flowing will change in

the same way and & shift in the amount of pole flux will

take place. This is a direct relation and should be so
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indicated by the use of the proper symbol in the rectan-
gle. In this case it is Y. For simpliclity a set of

symbols to indicate these relationships has been adopted.
Y indicates an lmmediate relation, ___ indicates relativa
relation, and O indicates no relationship exists. Make
no attempt at this time to work out definitely the rela-
tive relations, but merely indicate whether the choice

| is Y, _ , or O. These can be more easily found after
this chart 1s completed because if there 1s a relative
relationship it must be through a series of immediate
relations which can be easily traced. Thils procedure 1s
shown under the relative relations.

The second rectangle should show what effect

the voltage has on the armature current Ia. From an
inspection of the same diagram figure 5 , it will be

seen that this 1s also an immedlate relation and should

I

be indicated by ¥, the same symbol as is 1n the rectan-
gle under field flux ( @ ).

In the third rectangle it is desired to know
what effect the veoltage has upon the torgue. An easler
way to approach this relationship is to read what is
written about torque and to see that 1t comes from the
magnetic forces produced by the field flux Q@ and the
armature current Ia, Figures I, II, and III. It has
already been decided that terminal voltage has an imme-

diate effect on both of these factors; therefore, the

relationship of voltage to torgue is relative, and the




X i)

rectangle under torque (T) should be filled in with the
sign ___. ©Similarly, load and speed are both taken care
of by torque, so that terminal voltage has a relative
effeet on both, and the rectangles under load (H.P.) and
speed (R.P.M.) should be filled with relative relations
eigns ___ .

Since counter-electromotive force is the re-
sult of the armature rotation cutting the field flux Q@
and the terminal voltage (TV) has & relative effect on
torque, which is responsgible for speed, the applied
voltage must have an indirect effeet on counter-electro-
motive force C.E.M.F. There is also a second relative
effect through field flux, because terminal voltage im-
mediately affects this factor which has a direct effect
on éounter-electromotive force. A ____ should be placed
in the space under C.E.M.F.

The last space to be filled in this column is
the one under armature cdrcuilt reslstance r. During
normal operating conditions, the resistance of the arma-
ture circuit does not change to any great extent. Pro-
per ventilation keeps the temperature nearly constant at
all times so that heat is dissipated as rapldly as it 1is
generated by the losses. Since this factor is considered
as the ohmic resistance of the armature circuit, the
applied voltage will have no effect on this item. There-~

fore an O is placed under r in this column. Under ab-

normal conditions, however, thie conclusion may not be
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strictly loglical because temperature rise will materially
affect the resistance of any copper circuit because of
the high specific resistance of this metal. If the temp-
erature can be prevented from rising to excessive
heights, a circuit will carry an unlimited amount of
electrical energy without trouble.

It then becomes a matter of maintaining reason-
able temperature limits to prevent serious increases in
armature circult resistance r. For more information,
read temperature effects under detailed items affecting
motor operation. Proceed in this manner for the remain-
ing seven horizontal columns and complete the chart as

shown in Figure 6.

RELATIVE RELATIONS CHART OF EIGHT FACTORS
FOR SHUNT MOTOR '

V @ Ia T _HP RPM _CEMF r

Ia

=3

RPM

CEMF

Fig. 6
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Number the indirect relation rectangles from 1
to 24, using the same order as shown in the direct rela-
tions chart Figure 6. This arrangement of sequence will
cause the indirect relatlons to work out in a more logl-
cal order than would otherwise be the case.

When the Relative Relations Chart is completed,
both the direct and the no-relations items have been de-
termined. This leaves only the indirect relations to be
analyzed and developed. These can all be found by in-
spection of the chart just completed by the use of the
following procedure. NOTE: The items at the left of
the chart affect those at the top according to the sym-
bols set down in the rectangular spaces, and the 1items
at the left are affected by those at the top according
to the same symbol. If this thinking procedure is not
clearly understood, confusion may result when an attempt

is made to use the chart.




DIRECT RELATIONS CHART OF EIGHT FACTORS FOR SHUNT MOTCR
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Figure 7.

Number the indirect relation rectangles from 1
to 24, using the same order as shown in the direct rela-
tions chart Figure 7. This arrangement of sequence will
cause the indirect relations to work out in a more logi-

cal order than would otherwise be the case.
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HOW TO FIND THE INDIRECT RELATIONS
OF THE EIGHT BASIC FACTORS FOR A SHUNT MOTOR.

Refer to the immedlate relations chart
(Fig. 6) Jjust worked out and follow this procedure.
To find how terminal voltage affects the torcue of a
shunt motor, set down the relationshlp as follows:
(1) v-T, rind torque T at the top of the chart and
drop down this vertical column until the first direct
relation whlich is indicated by Y is reached. At this
point move horizontally to the extreme left to find
what factor directly affects torque T. The first one
is field flux D and is indicated © -» T. DNow proceed
to the top of the flux column O and drop down to ¥
then move horizontally to the left and TV is reached.
The relation now becormes TV —>» 0 —» T, meaning that
terminal voltage affects field flux and field flux
affects torque. The second direct relationship affect-
ing torque 1s armature current and is expressed in
this way--Ia —e T--meaning that armature current
affects torque. Following down the Ia column until
Y is reached and then proceeding to the left, we find
TeV —» Ia -—» T, which indicates that motor terminal
voltage affects armature current and armature current
affects torque. These two relatlionsiiips can be

combined into one simple dlagrem showlng both effects

bhus:  TV=__ Ia> T
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Following this same procedure, all 24
relative relations for the direct current shunt motor

can be very loglcally analyzed and devsloped.
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INDIRECT RELATIONS OF EIGHT FACTORS I"OR SHUNT KMOTOR

How voltage affects torgue.

T . /,.m\

\*Ia

How voltagze aifects load.

0
vEE v/ TSeT —2 TP
\‘Ia \RP xl

How voltage affects speed.

v RPM . /'ED \IL
\J_ c.a/ \ P

""RPL

How voltage alffects counter electromotive force.

__ m
C ]iu'f-’.F \
v V T —— = RPN
\\*Ia

R S NI

How field flux affects the load.

phF ; D — T, —e P

\RPlu

How field [lux aifects the speed

ﬂ}m” I ————————pn T i
Nyp
How field flux affects armature current.

HJIa » I ——T --—,RPL s CEND e T 81
T"P

How armature current affects the load.

1aHP | Ia HP
N —

How armature current affects the speed.

I.!B.P‘P:'E . T8 ——p T e R

S
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10,

11,

13.

14,

15.

16.

17.

18,

19.

How armature current affects the counter-electro-
motive force.

Ia CEMEF Ia -> T —» RPN -3 CEWF
HP
How torque affects the counter-electromotive force.
¢ CBF | 1. RN —» CcEE
HP

How torgue affects the armature current.

P I8 . RPN o~ CEMF - Ta
HP

How load affects the counter-electromotive [orce.
P OB np —» RPM —» CHEWF
How load affects the armature current.

Hp 18 | HP —& RPli —% CEUF —» Ia

How load affects the torque.

mp T HP — RPN —% CEWF —» Ia —3 T
How the speed aflects the armature current.

reu 18 | RPll —» CEMF —» Ia

How the speed affects torque.

RPI T RPll —» CEMF —% Ia - T
iow the counter-electromotive force affects

the torque.

CEMF T, CEFF —@ Ia = 0T

How the counter-electromotive force affects the

load a direct current shunt motor will carry.

cEnp HP CEMF <o T4 = T —a HP
HPW




20. How the counter-electromotive force affects
the speed.

CEMF HP, CENF —>» T& ~> T —3> RPH
HP

21. How the armature resistance affects the torgue.
r T, r —» Ia ->» T

22. How the armature resistance affects the load.
p ~HE, r —» Ia —» T —» HP

23, How the armature resistance affects the speed.
p ~RPM-, r —>» Ia —» T —» RPN

24, How the armature reslstance affects the counter-
alectgbmotive force.

—CEHF.

r r —>» Jla —> T —» RPI —» CEIT.

These relative relations can be easlly
checked by the follwoing method. Arrange the eight
factors in the form of a circle. Figure §. Draw an
arrow from thf ne that affects to the factor which
is affected, indiceting each irmediate relation. All
of the relative relationships can be readily deter-
mined by simply following the arrows around this
circular arrangement of symbols,

This diegram method makes the procedure of
determining relative relatlions almost 100% mechanical,
and for this reason its use 1s not recomnended except

for checik purposes.
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SKELETON CHART OF DIRECT RELATIONS FOR SHUNT MOTOR

The skeleton diagram Fig. 9 is an arrangement
of the elght basic factors showing all the immediate
relations and is at the same time a combination of all
the relative relations. These can be traced for each
from numbers 1 to 24 by simply following the paths
indicated by the arrows, as all direct relations effects
take place in the indicated direction. This diagram
is the sinmplest and most useful for analysis and
trouble-shooting purposes. It contains all the essen-
tial elements involved ‘n an understanding of motor
operatlion end at the same time furnishes the freamework
arcund which all the details may be grouped in & clear-
cut and loglcal order. As soon as it has been deter-
mined which basic factor the detail affects, the
Influence of this item on the motor operation can be
traced loglcally and unerringly, and correct conclusions
drawn as to its effects. The next step in this devel-
opment shows how changes in one of the basic factors
wlll affect the others.

Among the more common things that happen
when a motor is operated which need enalysis and
explanation are:

1. Increased load
2. Decreased load

3. Increased resistance in the armsture circuilt




Figure ' ,-=Circular diagram of the eight basic factors for
direct current motors
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4, Decreased resistance in the armature circult
5. Strengthened pole flux

6. Wesakened pole flux

7. Increased terminal voltage

8. Decreased tefminal voltage

The following 1s a brief explanation showing
how the skeleton diagram mey be used to gain an
understending of how load is taken care of by the
direct current shunt motor. Other items such as weak
field, resistance 1n the armature circult, or low
terminal voltage will be analyzed In a simllar manner
and the results charted to logical conclusions.

In Figure 10 the load symbol HP is identirfied
by an additional circle around it showkng this to be
the factor 1ln which the change originates. The arrows
pointing up indicete an increase in the item, and
those pointing down show a decrease. The small symbol
at the end of the arrow shows the reason for the effect
it merks in the change of the factor

HOW THE SHUNT MOTOR MEETS ADDED IOAD:

The motor is assumed to be running with a
light load. See Flg. 2. To meet this load only a
small amount of érmatura current 1is required to produce
the necessary torque. In the shunt motor the pole
flux does not chenge appreciebly unless the voltage

changes. Decause of tils fact 1t 1s necessary to have




F:'j.g

Figure 9.--Skeleton diagram of eight basie factors for
direct current motors

f?g./O

Figure 10.--Skeleton diagram analysis of load increase
on a direct current shunt motor
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more armature current only when lcad is added to
provide the additional torque needed. See Figs. 3 and 4
Referring to the skeleton dlagram, Fig. 10,

and starting with the load (HP), place arrows at the
left of each factor alffected. The explanation 1s as
followss when the load increases, this slightly
decreases tie speed indicated by the downward directed
arrow by (RPM) with (EP) at the upper end. Since a
decrease in speed will cuuse & decrease in counter-
electromotive force, this will permit more current to
flow through the armature, as shown by the upward
directed arrow at (Ia) with (CEMF) at the lower end.
This increase in srmature current will build up the
necessary amount of torque to pull the load, as shown
by the upward directed arrow at (T) with (Ia) at the
lower end. Only a slight change in counter-electro-
motive force 1s necessary to cermit sufficient armature
current to make enough torque to pull the load. For
this reason the shunt motor has & very small speed

change from no load to full load.
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HOW THE SHUNT MOTOR FUNCTIONS WHEN LOAD IS DECREASED:

As the load on a shunt motor is lessened
for any reason, the motor 1s left with excess torque.
See Flg. 1ll. Since this torque 1s no longer required
to pull the load, the extra torque immediately increases
the speed, shown by the upward arrow at (RPN) with (HP)
at the lower end. The additional spesd raises the
cocunter-electromotive force indlcated by the upward
arrow at (CEMF) with (RPH) at the lower end, which
lessens the flow of current through the armature.
See downward arrow at (Ia) with CEMF at upper end.
This reduction in armature current lessens the torque
shown by the downward arrow at (T) with (Ia) at upper
end, until the remaining load requiremahts are exactly
taken care of. This action or characteristic accounts
for the high efficiencies obtalnable withh electrical
motors for changing electrlical energy to mechanicel
energy. Counter-electromotive force acts as a governor
or throttle and permits only enough energy to pass
through the armature to provide the necessary power
to meet load requirements. The fact that this factor
is frictionless and also nearly instantaneous in 1its
action makes the electric motor a very efficient

machine.,




Fig 1l

Figure ll.--Skeleton diagram analysis of load decrease on
a direct current shunt motor

Fi‘g 12

Figure 12 .,--3peed control of a direct current shunt motor
using armeture circuit resistance
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Every change in speed makes a corresponding
change in counter-electromotive force. Since a very
small chenge 1n counter-electiromotive force causses
a considerable change in armature current, only a small
varistion of speed will immediately affect the armature
current. For this reason the total change in speed
of & shunt motor from no load to full load is relatlvely
small, On & percentage basis this will usually range
between 4% and 7%, depending upon the motor design.
Armatures with low resistance have a smaller speed
veristion with load than those with higher resistance.
Regulation is the term usually used to express the
speed variation and is the change in revolutions per

minute from no load to full 1lsad.
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RESISTANCE IN THE ARMATURE CIRCULT OF A SHUNT NMOTOR
Resistance in the armature circuit of a
shunt motor is frequently used with smaller motors to
reduce the speed. See Fig. 12, It is convenient
and a method easily used to obtain lower speeds,
especlally below name-plate values. In addition to
the terminal voltage there are two other controls over
armature current, namely, the armature circult resist-
ance (r) and the counter-electromotive force (c.e.m.f.),
the former of which is so often used to obtain lower
speeds, as mentioned before.
Reslstance introduced into the armature
circult as shown by the arrow at the symbol (r) in
Fig. 15 will decrease the armature current Ia, as shown
by the downward arrow at Ia. Less armature current
will produce a smaller torque with a resulting slower
speed. This lower speed will cause the counter-electro-
motive force to go down aud increase the armature
urrent, which offsets the effect of the added resist-
ance in the armeture circult. Thus the armature will
turn at a reduced rate but with a resulting lcss of
power when any resistance is added to the armature

clrcuit.




Fig 13

Figure 13.--Skeleton diagram analysis of increased
armature c¢ircuilt resistance in a direct current shunt
motor

Fig 1%

Figure l4.--Skeleton disgram analysis of decreased
armature circuit resistance




RESISTANCE IN THE ARMATURE CIRCUIT

The adjustment in the basic factors affected
when resistance in the armature circuit, Fig. 12,
page 120, 1s reduced may be seen from a study of
Flg. 14. As this resistance (R) is made smaller,
more current (Iaz) passes through the armature in-
creasing the torque (T) as shown by upward arrows at
(Ia) and (T). The additional torque speeds up the
motor armature, as shown by the arrow at (R.FP.il.)
which causes a corresponding increase in counter-
electromotive force (C.E.M.F.). Note upward arrow at
counter-electromotive force (C.E.li.F.) indicating
this. Greater counter-electromotive force will
lmuediately reduce the armature current to nearly the
same value as before the resistance was Fhanged.
Therefore reduced resistance in the armature circuit

manifests itself 1in greater speed of the motor.
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‘HOW A WEAK FIELD AFFECTS THE OPERATION
OF A DIRECT CURRENT SIUNT IOTOR.

Any weakenling of the pole flux of a shunt
motor is accompanied by an immediate increase in speed.
To explain this action, the following analysis is
offered. = The weakened field shown by the downward
arrow on the flux (@) in Flg. 15 causes a loss in this
magnétic force-producing torcue. This would cause &
loss of speed if the armature flux produced by the
armature current did not more than offset it., A weaker
field causes a decrease in the counter-electromotive
force, shown by the downward arrow at C.E.M.F. A small
change 1n counter-electromotive force always results
in a marked Iincrease in armature current. This 1is
shown by the upward arrow at Ia. The large armature
flux.resulting from this increased armature current
creatsé a greater torque than existed before the fileld
strength was diminished. This greater amount of torque
immediately causes an Increase in fhe motor speed. A
shunt motor will continue to perform in this manner
until the iron in the armature reaches the magnetic
saturation point. After a saturated condition of the
iron in the armature is reached, the armature current
does not produce enough magnetism to meintain the
proper torque for increasing the speed. When crowded

beyond this point, the armature starts to heat. liotors




Figure 16 .--When the field i1s weakened on a shunt, more
armature current is required to maintain the same
amount of torque.

Fig 16

\
\ E
é Fig 17

Figure 17 .~-Connection diagrem for a di-
rect current shunt motor using field
resistance for speed control

Fij 15

Figure 15.,~--Skeleton diagram analysis of weak fleld ef-
fects on a direct current shunt motor




designed to function with weakened fields are made with

armatures much larger than normal. This is done to
provide copper to carry the excessive armature currents
and iron to take care of the sdditional magnetism
produced in this member of the machine under operating
conditions,

WEAK FIELD

Fig. 16a. Dotted circles Iindicate relative
values of fleld flux (0) and armature flux Ia before
the field 1s weakened. Solld circles show the same
values after field is weakened. See Fig. 16b.

Fig. 16 gives an idea of the relative changes
in the pole flux (D) and the armature flux made by the
larger amount of current (Iz) in the shunt motor
operating with weakened field. Note that the change
in armature current is greater than the change in
field flux as shown by the dotted and solid circles.
The circle representing torque after the field is
weakened 1s slightly larger than before the pole flux
was weakened, because of a much greater increase in

flux from the armature current.
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HOW LOW TERMINAL VOLTAGE WILL AFFECT
THE OPERATION OF A DIRECT CURKENT SHUNT MOTOR

If for any reason the motor is supplied with
a voltage below name plate value, the resulting
operating conditions can be diagnosed as follows:
low terminal voltage applied to the field curcuit
will result in a decreased amount of pole flux (D)
indicated by the downward arrow at (D) in Fig. 18.
There will also be a tendency toward less armature
current indicated by the downward broken arrow at Ia.
The weakened field will diminish torque in the same
ratio in which it is weakened itself, indlcated by the
upper arrow at (T). A smaller amount of torque will
result in diminished speed, which will weaken the
counter-electromotive force. A weaker field will also
result in less counter-electromotive force. These
last two conditions are shown by downward directed
arrows at C.E.li.F'. Both adverse arffects on the
counter-electromotive force cause a very marked
increase in armature current, which more than offsets
the tendency of lower line voltage to weaken the
armature current, and the result 1s a net increase in
this factor. The additionel armature current increases
this torque factor and offsets the weaker field effect
on torque. It is obvious that the motor must have

sufficient torque to pull the load. To obtain this




Fig 18

Figure 18.--Skeleton diagram analysis of reduced terminal
voltage effects on a direct shunt motor

Figure 19 .--Skeleton diagrem analysis of increased ter-
minal voltage on a direct current shunt moter
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torque the armature
the applied voltage
is not up to normsl
than it is with the
terminals.

current increases; therefore, if
1s below name-plate value, the speed
and the armeture current is higher

correct pressure at the motor




HOW HIGH * TERMINAL VOLTAGE WILL AFFECT
THE OPERATICION OF A DIRECT CURRENT SHUNT MOTOR.

When thene voltage at the motor is higher than
the name plate valalue calls for, increased current will
flow through the g shunt field winding, p»roducing more
flux (), indicateced by the arrow on the pole flux (D)
in FPig. 19, Therere will also be a tendency toward
increased armature e current from this extra pressure on
the armature circwult, indicated by the broken arrow
pointing upward. The strengthening of the pole flux
fron the additioneazal terminal voltage will have its
effect on torque, which in turn will increase the speed
at which the motortr operates. Arrows at torque (T)
and speed (R.P.l.)|) indicate these results. Additional
speed builds up thidhe counter-electromotive force, and
& stronger field asalso increases this factor, These
combined effects raresult In asctually diminishing the
armature current, : although the applied voltage to the
armature circuit i:is higher. When this situation 1is
considered f:om thene standpoint of the torque, it 1is
readlly to be seen m that additlonal field strength will
Produce the same tctorque with less armature current.
Voltage =zbove name ¢ plate rating results in higher
Operating speed ancnd slightly diminished armature current
for the same load o conditions when the terminal

Voltage 1s sbove nemame plate values.
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THE DIRECT CURRENT SERIES MOTOR

The same eight basic or fundamental factors
that have been developed for the shunt motor apply also
to the series motor. The only essentizl wvariation in
the relationships occurs in the pole flux (R) column of
Chart Fig. 23. In the shunt motor the pole field is pro-
duced by applying terminal voltage directly to the shunt
winding, and the series motor gets its field from the
armature current passing through a few turns of rela-
tively large wire wound on the pole piece. This slight
variation in the construction makes a motor with widely
different behavior in its operation and performance.

The field in the series motor is dependent
upon the armature current, as it is the armature current
which causes the magnetization of the poles. For this
reason the pole flux will be small when the armature
current is small. Likewise, when the armature current
is large, the poles are highly magnetized. Thus the
armature current performs the double duty of magnetizing
the armature and the poles, which accounts for the state-
ment so often seen about series motors: "the torque
varies as the square of the armature current". The torqud
and spe=d characteristics of the series motors are al-
most exactly opposite to those found in the shunt motor.

See Fig. 20.
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Terminal voltage for the series motor sup-
plies the energy in the same way as for the shunt motor.
There is this difference, however, in its aprlication.
With the series motor there is only one circuit through
the motor, since the armature and field coils are con-
nected in series, Fig. 20a, whereas the shunt motor is
provided with two circuits--one for the field itself
and the other for the armature.

Because the pole flux in the series motor is
dependent upon the armature current for its production,
the field strength varies widely in intensity. At light
loads the field flux will be negligible, whereas under
heavy loads the magnetism will over-saturate the iron in
the poles of the motor. This great variation in field
strength has a very marked effect on the torque. See
Fig. 20a, b, and c.

Armature current so far as the armature 1tself
is concerned performs the same function in identically

the same manner for the series as for the shunt machine.

HOW TORQUE IS PRODUCED IN A SERIES MOTOR:

The pole flux in the series motor is a vari-
able quantity because it is produced by the armature
current. Since the armature current in this motor also

produces the pole flux, a change in the current produces




Figure 20.-~Torque in a seriles motor varles as the
square of the armature current

load

Figure 21 .--Curve showing relationship of load and speed
in a direct current series motor

Fig 22
Figure 22 .~--Skeleton diagram of eight basie factors for
a direct current series motor
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a double effect on torque as shown by Figs. 20a, b, and
¢c. This accounts for the statement so often made for
series motors--that the torque wvaries as the sqguare of
the armature current. This fact is practically true up
to the saturation points of the iron in the field poles
and the armature iron but of course would not hold be-
yond these magnetic densities.

The torgue characteristic for the series motor
is entirely different from what was found for the shunt
motor. At slow speeds the torcue is extremely high and
drops rapidly as the speed reaches normal values, as
shown in Fig. 21. Such a combination of operating char-
acteristics exactly matches the requirements of trans-
portation and accounts for the almost universal applic-
ation of series motors for traction purposes.

The load on a series motor has 2 much more
marked effect on the operating characteristics than is
shown by the shunt machine. Because the series motor
has such exceptionally strong torqgue for starting and
accelerating loads, it is the ideal motor for transpdrt-
ation purposes. The power used at high speeds 1s small
so that the efficiency of the motor is high over its
entire speed range. This fact is an important reason
why the series motor is so universally used in trucks,

cars, and locomotives.
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Speed varies more in the series motor than in
any other; in fact, load change on this machine is im-
mediately accompanied by a corresponding change in speed.
The fact that a series motor will run away with light or
no load must be given serious consideration in all ap-
plicgtions. For this reason it is usually geared or
directly connected to the driven load. Counter-electro-
motive force and armature resistance have the same ef-
fects on the operation of the series motor as on that of
the shunt machine.

In making the immediate relations chart, Fig.
23, for the series motor, the procedure is exactly the
same as for the shunt. The relationships in all of the
sixty-four rectangles are exactly the same as in t he
previous chart except the bottom six in the vertical
field flux column under (). The first of these six is
the effect of armature current Ia on the pole flux (D).
Because it i1s the armature current through the series
winding on the poles that makes the magnetic field in
the frame of a series motor, this is a direct effect.
On account of this direct effect torque, load, speed,
and counter-eléctromotive force will all have an indir-
ect effect on the pole flux (R). Since the resistance
(r) of the armature ¢ircuit affects the armature current

directly, it will have an indirect effect on the field
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flux of this mobtor. This difference in field execlitation

will add five more indirect relations to those already
developed for the shunt machine, all of which apply to
the series motor. These can be worked out by the ssawme

method as explained before., They have been numbered

from 25 to 29 inclusive, in Fig. 25, and are listed
as follows:

DIRECT RELATIONS CHART OF EIGHT FACTORS FOR
SERIES MOTOR:

Ia L Ip RP1I CEMF r

/
“
el R
5 UI S
|

. 0
0O
Ia Yk ¥ 0
1 \\\“u 9 10
T —_ | — “\\\\ 3 % —_ 0
25% 12 I3
HP ‘\\\\ Y 0
265 14 15 13
RPN Y X 9]
o7s | 16 | 17 \\\\\
CEMF — | ¥ 0

204 18 | 19 | 20
S0% 21 | 22 | 23 | 2a \\‘\\

Note: It 13 suggested that numbers 1 to 24 inclusive

'1
4

be inserted in light type, as these refer to the
shunt motor and have been explained heretofore.

This chart for the series motor has only six
rectangles in which the relationships are different
from those developed for the shunt machine. These
are all in the vertical column under field flux ()

and heve been marked with an 4 in Fiz. 23.
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RELATIVE RELATIONS OF EIGHT FACTORS FOR SERIES HOTOR:

25,

26,

a7 .

28.

four form the basis for a study of the compound motor.

How the torque affects the field flux

0

4 T ——tp RPY ~—3» CHUF = fa —>» 0

How the load affects the feild flux
rpd HP —» RPM —» CEMF —sIa —» D
How the speed affects the field flux

RP1D RPl — CE/F —» Ia —3 D

How the counter-electromotive force affects
the field flux

¢iir®  CEMP-—3 Ia-—% D

How the armature resistance affects the field flux
r-m r - la

The last five combined with the first twenty-
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The skeleton diagram shown in Fig. 24 is very
similar in appearance to the shunt chart, the only two
differences being as follows. In this dlagram the term-
inal voltage (V) has no direct effect on field flux (D)
so that arrow is missing, and the armature current (Ia)
in’this case directly affects the pole flux (D), so there]
is an arrow between (Ia) and () to show this relation-
ship.

This chart 1s used to show load effects on
motor operation, the effect on the series motor of res-
istance in the armature circuit, the results on the
machine when terminal voltage is too low or too high,
and also a means for analyzing the effects of any item
which may affect any of the fundamental operating
factors.

When load is applied to the series motor, Fig.
24, the speed (RPM) decreases, which lowers the counter-
electromotive force (C. E. M, F.) and permits more arme-
ture current (Ia) to flow, as shown by the arrows at
HP, RPM, CEMF, and Ia. This current has a double effect
on the torque, as it also produces the pole flux. Be-
cause 2 motor with stronger field would have increased
counter-electromotive force (CEMF), the armature current
would not increase and there would not be the necessary

torque to pull the added load. Since added load requires|




more torque, the armature current must inecrease to ob-
tain it. The only way to get a reduction in counter-
electromotive force, in order to have mofe current when
field strength is increased, is through lower speed.
The two downward arrows at R. P. M, indicate the slowing-
down effect of the load and the depressing effect of a
stronger field on the speed. For these reasons there is
a marked reduction in speed when load 1is applied to the
series motor, primarily because of this strengthening
effect of the armature current on the field.

The series motor has the best torque of any
motor at slow speeds because strong armature field and
pole flux occur at the same time, since both fluxes are
produced by fhe same current. See Fig. 20c.

When the load is removed from a series motor,
the excess torque increases the speed shown by upward
arrow at speed (RPM), Fig. 25. This speed increase
builds up the counter-electromotive force (C.E.M.F.)
and tends to reduce armature current as shown by arrows
at (CEMF) and (Ia). But this reduced armature current
weakens the field, which in turn weakens the counter-
electromotive force (CEMF), and the armature current is
not sufficiently affected, a2 condition which leaves the
motor with more torque than is required for the load;

so this excess torque immediately builds up the counter-




CEMF
FEyJEQ
Figure 24.--Skeleton diagram analysis of increased load
effects on a dﬁfﬁgt current series motor

Fig 25
Figure 25.--Skeleton diagram analysis of decreased load
effects on a2 direct current series motor

Figure 26 .,~--Skeleton diggram analysis of weakened field
on a direct current series motor
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electromotive force (CEMF) through speed (RPM) which
tends to reduce further the armature current (Ia) and
still further weaken the field. These adjustments con-
tinue until there is exactly enough torque to drive what
load remains on the motor.

A motor with 2 weak field tends to run at high
speeds. Now with a series motor, the faster it goes the
more the field is weakened and the faster the armature
must rotate to keep up counter-electromotive force.

This condition becomes exceedingly dangerous with light
or no loads on series motors, as the speed will go so
high that dangerous stresses are set up in the windings
and commutator. The armatures will reach such a speed
that they will literally fly to pieces in a very short
interval of time.

A resistance added to the armature circult of
a series motor will tend to reduce the armafure current
(Ia). Any situation which causes change in armature
current doubles its effect upon the torque withing nor-
mal operating limits of the machine. A metor must have
torque, or the load will not run. This less of torque
makes itself felt in reduced speed of the motor, as
shown by the downward arrow at speed (RFM) in Fig. Bé.
This lower speed of rotation of the armature drops the
counter-electromotive force (CEMF)(as shown by the arrow)

which in turn will offset the effect of increased res-
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lstance in the armature circuit. Thus the main effect
of resistance in the armature circuit of a series motor
is reduction of speed with of course the usual loss of
power. The reasons for this can be easily seen by fol-
lowing the arrows in Fig. 26. Resistance in series with

a motor of this type has the same effect as running the

‘motor with lower line voltage. Any energy dissipated

in the resistance cuts down the efficiency of the motor
circuit. Because of this loss two or more series motors
are often connected in tandem whenever practicable for
use at lower speeds.

If the applied voltage at the terminals of a
series motor is lower than usual, there will be a ten-
dency toward less armature current, as shoqn by the
downward arrow at Ia, Fig. 27. Any loss of current
through the series motor immediately weakens the pole
flux (R), and the double loss of torque 1s felt by the
motor as shown by arrows at torque (T) and speed (RPU).
The loss of speed (RFM) decreases counter-electromotive
force (CEMF), which permits the armature current (Ia) to
approach normal again for the load (HP) being handled.
This shows that loss of applied voltage (V) is met by
reduced counter-electromotive force (CEMF) obtained
through lower speed (RFM). Thus the principal effeect of
low terminal voltage (V) on a series motor performance

is indicated by speed (RPi) reduction.




@ CEMF

Figure 27.--Skeleton diagram analysis of low voltage ef-
fects on a direct current series motor

Fig 27

F:" 28
Figure 28 .-~Skeleton dlagram analysis of high voltage
effects on a direct current series motor
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A rise in applied voltage (V) will have just
the opposite effect on a series motor speed (RPM). This
will be easily seen from an inspection of Fig. 28.




140

59 DIRECT CURRENT
THE CUMULATIVE COCMPOUND IOTOR

The same elght basic factors used Ifor the
study of the shunt and series motor will satisfactorily
explain the functloning of a compound motor connected
elther cumulatively or differentially, Terminal
voltage, armeture current, load, speed, counter-
electromotive force, and reslistance of the armature
circult are produced and have practically identical
effects for the compound motor as heretofore explalined
for the shunt and series machines. There are some
variations in pole flux and torgue, however, which
should be understood from a study of the following

paragraphs on these items.

When the motor is connected cumulative
compound, the shunt and the series ampere turns are
both producing flux of the same polarity or direction.
In this case the effects of both windings are additive
and increase the pole flux if either of the magnet-
1zing forces is increased.

In the case of a differential connectlon the

ampere turns of the series field work against the

il —

shunt field ampere turns and weaken- the pole flux
when load 1s added to the motor. Care must be taken
in connecting compound motors to have proper connec-

tions, as it is possible to connect a motor of this
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type either cuwmlative or differential. Thus we have\\
a motor which has some of the characteristics of both
the shunt and serles motor. lore Information of theq;/
conbined characteristics will be found under the
discussion of torgue for the compound motors.

The development of torque in a curmlative-
connected compound mobtor difrfers from a shunt motor
in the following way. The armature current in a
shunt motor has no direct effect on the amount of
pole Ilux produced. At very light loads this
armature current is small and has little 1f any
appreclable elffect on the pole flux, Fig. 29a. Note
the increase 1in the pole flux, as shown in the above
Figs. 29b and 29c¢c, when the armature current is
increased. This incresse in pole flux as the load is
applied causes the motor to develop more torque for
the same armature current than is the case with the
shunt motor.

In order to obtain the largest amount of
flux with the least expenditure of electrical energy,
the best grades of iron are used in the magnetic
circuit, consisting of the pole core, yoke, and
armature laminations. The correct flux density is also
used, and the ailr gap ls made as small mechanical

conaitions corveniently permit.
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Plg. 32
Imuediate Relations Chart of Eight Factors For Direct

Current Compound liotors.

The Immediate relations chart for the direct
current compound motor, Fig. 32 is very similar to
those developed for the shunt and series machines. It
1s really a combination of the two former developments
and is alike in all columns sxcept the one for pole

.

flux. This must show both the shunt and series coll

‘4

effects on pole flux, as both colls are sctive 1n
producing the magnetic field In the compound motor.
This chart should be developed from an enalysls of
the material on the eizht fundamental factors dis-
cussed in previous pages.

The indirect relations for the compound

motor are identical with those developed for the




Fig 29 .
Figure 29.--How armature current and field flux make

torque in Na direct current cumulative compound motor

S S
Figure 30.--Wiring connecticgns for a cumulative connected

Fig 31
Figure 51.--C&~igg.%%rcarran ment ogibasic fact rs

gor
urrent cumulative compound motor
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shunt and series motor, pages 11l«13, 138, The first
twenty-four are the same a&s for the shunt maschine,
and those from twenty-four to twenty-nine are those
caused by the serles coll winding, Fig. 30.

Figs. 30 and 31 provide a mechanical means
of arriving at or checking all of the twenty-nine
indirect relations for the compound motor.

It will help the learner a great deal if
he will always have a symbol of the particular motor
being studied where it can easlly be seen. The
circult arrangement and construction detalls should
be known and never lost sight of 1f confusion of

deas 1s to be avoided.

| pad

The skeleton diagram for this type of motor,
Fig. 35, shows all the relationships existing among
the eight factors. liote that this dlagram is a
combination of the skeleton dlagrams for the shunt
and series motors discussed on pages 117 and 134.
This arrangement lends ltself most clearly to
analyzing the various changes which occur when these
motors are operated and hence will be used for
explanations of compound motor operating conditions.

The compound motor is dlfferent from the
shunt and series in construction only in the matter
of field windings. The compound, as the name indicatesy]

has both a shunt and a series winding on the pole




Fig 33

Figure 33.--Skeleton diagram arrangement for.cumulative
connected compound motor
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pieces. When these windings are connected so that
both produce flux in the same direction, the motor 1s
said to be connected comulative compound. With both
shunt and series coilé producing flux of the same
polarity on the pole pieces, the motor has sowme of the
characteristics of both the shunt snd series motors.
Fig. 5la shows the torque conditlon for light load

on the motor, When the armature current is low in
value, 1t has only a very slightveffect on the pole
flux., This condlition exists when the load is light.
An Iinspection of Fig. 29b and 2%c will show how the
armature current increases the pole Ilux as the load
increases, thus producing a somewhat larger torque then
the same armature current made in & shunt motor.
Compare Figs. 29a, b and ¢, and 2, 3, and 4.

Load (HP) added to the compound motor reduces
the speed (RPl) which effects counter-electrorotive
force (CENF') in like manner, as shown by arrows in
Flg. 34, This psrmits more current (Ia) to pass
through the armature circuit, which will have its
direct effect on torque (T). At the same time it
slightly strengthens the pole flux (D) which also
increcses torque (T'), as indicated by the arrows. But
increased pole flux () holds up the counter-electro-
motive force (CEMF) and would not permit sufficient

armature current (Ia) to pass. Now added load (HP)




O
Fig 3¢

Figure 34.--Skeleton diagram analysis of increased load
effects on the cumulative compound motor

G

Figure 35.--Skeleton dlagram analysis of reduced load
effects on the cumulative compound motor

F{, 35
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requirés more torque (T) if the motor 1s to meet
increased load; hence a further reduction of speed (RPH)
1s necessary to lower the counter-electromotive force
(CEMF) if the increased armature current is to flow

in the armature circuit. The additional downward
directed arrow at (RPI) with the symbol (@) at the

end shows the additional change in speed because of
the strengthening of the field when load (HP) is
added.

This means a greater speed change in a
compound motor than occurred in a shunt motor for
the same load. This grester change in speed must
take place on account of the series fileld effect in
the compound motor when load is zdded. A wider range
in speed regulation for the cumulative compound motor
is to be expected from the combined characteristics
of the shunt and series motors, since the series
motor has & very poor spe=d characteristic,

Because the pole strength is increased when
the armature current is high, the cumulative compound
notor gives better torgue than is found in the shunt
motor. This provides & field of application in
Industry, where it is necessary to start rather heavy
loads and also where more rapid acceleration of lcad
is required. Good speed regulation mst be sacrificed

to some extent to gain starting torque. There are
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many types of machines to be driven to which the
cunmulative coupound motor is admlirably adapted; many
oI these may be found listed in motor manufecturers?
bulletins.

As load is reduced on the cumulative
compound motor, the excess torque (T) increases the
speed(RPM), which raises the counter-electromotive
force (CHlMF), thus reducing the armature current (Ia),
which reduces torque (T). All of this is shown by
the arrows st es«ch one of the symbols for these factors
in Fig. 35. BEut this reduced armature current (Ia)
weakens the pole flux (D) through the series field
effect, wihlch reduces counter-electromotive force
(CENMF)., As this condition would still permlt too
rmuch armature current to flow in meeting the torque
needs of the load, this excess torque immediately
increasses the speed to offset the weakened field, as
indicated by arrows, Fig. 35. This causes a greater
incresase in speed for the same load change on 2
cumalative compound motor than on a shunt motor

under the same conditions.
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HOW A VARIATION IN TERMINAL VOLTAGE AFFECTS
THE OPERATION OF A CUNMULATIVE COMPOUND DIRECT CURRENT
1iI0TOR

Any increase in terminal voltage on a
cumulative compound motor will result in more field
pole flux with a tendency toward greater current in
the armature circuit, as shown by the arrows at field
flux (D) and armature current (Ia) in Fig. 36. This
increase in field flux (&) and the momentary incresse
in armature current both increase the torque, a&s shown
by the arrows at (T). This immediately increases
speed (RPI) and results In higher counter-electromotive
force (CENF). The greater field flux () also incresases
this factor, both of which are shown by the upward
directed arrows at (CEWF), in the dlagram. This
increase in the control factor over armature current
may actually result in a decreased amount of armature
current when a rise in terminal voltage occurs,

Terminal voltage below normal velue will
result Iin a weak field and momentarily in a tendency
toward less current in the armature, as shown by
the arrows at field flux (@) and armature current (Ia)
in Fig. 25. Loss of either fleld flux or armature .
current will result in less torque, as shown by the
arrow at (T), and a decrease 1in speed (RPL) results

An a loss in counter-elsctromotive force (CENF)




Figure 36 .--Skeleton diagram analysis of high voltage
effects on the cumulative compound direct current motor

CE MF

F:'g 37

Figure 37 .--Skeleton diagram analysis of low voltage ef=
foects on the cumulative compound direct current motor
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Thls together with the wecker field shown by the
downward arrows at (CELF).permits a greater amount
of' current to pass through the armature circuit as
shown by the upward arrow at 'Ia)., This extra
armature current is needed to off'set a weaker field
if the motor is to have torgue to pull the load.

At the same time the speed wlll be below normal when

voltage is low.
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Fig. 38 How Torque is Produced in a Differentially
Connected Compound lMotor.

When the series field is connected so that the flux
produced is opposite to that of the shunt field, the
effect is called differential. Since both field windings
are around the one pole core, the resultant flux must be
the difference between what is made by the shunt winding
and the series winding. At light load the armature cur-
rent, being small, causes little if any effect on the
pole flux, Fig. 38a. As the ammature current is incressed
the differential effects on the pole flux are shown by
Figs. 38b and 38c. Under normal operating conditions,
the shunt field has a larger number of ampere turns and
controls the polarity of the poles. However, under some
conditions the series field ampere turns mey become
greater than the shunt field ampere turns. This might
happen when a differentially connected motor is starting
a load or when a heavy over-load is applied.

Since the armature current passing through the
series field weakens the pole flux, any increase in
torgque must be made at a very much greater increase of
armature current than is the case with either the shunt
or series motor. This fact is very clearly shown in
Figs. 38b and 38c. Note how much smaller the actual
pole flux becomes, and how large the armature flux, to

produce an increase in torque as load is increased on
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Figure 38.~-How field flux and arma ture current produce
torque in the differentially connected compound motor

Fig 329

Figure 39 .--Wiring diagram for the differentially con-
nected compound motor
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the motor, Fig. 38c.

The amount of influence the series field has
on the pole flux can be adjusted by a shunt placed
across the series field shown. Fig. 39. This method
of changing the compounding 1s universally used on both
cunulative and differentially connected compound motors.

The only difference between the cumulative and
the differentially connected motor is in the direction
of the armature current through the series field. How-
ever, these two connections give the motor widely dif-
ferent operating characteristics.

In Fig. 40 an increase in the load (HP) on the
motor tends to reduce the speed (RPM). This slight re-
duction in speed reduces the counter-electromotive force
and causes an increase in armature current (Ia). Any
increased armature current increases the torque (T) which
pulls the load (HP). But this increase in current (Ia)
also weakens the pole flux (D) and tends to weaken the
torque (T) slightly. At the same time it decreases the
counter-electromotive force (CEMF), which will permit a
larger quantity of current to pass through the armature.
This additional armature current (I2) produces more
torque (T) than is required to take care of the extra
load (HP); so this excess torque (T) immediately tends
to raise the speed (RPM).




Fig 40

Figure 40.--Skeleton diagram anelysis of increased losd
effects on the differentially connected compound motor

Ft'g G

Figure 4l .--Skeleton dlagram analysis of decreased load
effects on the differentially connected compound motor
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The differential affect of the series fleld
winding on the pole flux affects the counter-electro-
motive force so as to allow excessive armature current.
As the armature current i1s one of the torgue-producing
forces, the conditlons may be such &s to produce &n
actual increase in speed as load is applied.

This method of ohtaining speed control
1s not economical from a rower standpoint but is used
in some industrisal sppjjcations in which the motor
requlrements are under two horsepower and very close
speed reguletion is essential.

In Figs. 38c¢c =nd 29c¢ note the larger amount
of armature current necessary in the dif erential
compound motor as compared to the nole flux avallsble
for producing torgue. The same amount of torque is
required to move any _iven load provided the speeds
are the same. If one torque component is weakened,
the other must be strengthened, as i1llustrated in
these figures. This excesslve armature current causes
increased power bills. Notors bullt specifically for
speed regulation through the differential acticns of
the rield windings are constructed with larger arma-
tures to handle the extra armature current and

resulting armature flux required.




HOW THE DIFFERENTIALLY CONNECTED COWPOUND NOTOR HEETS
DECREASED LOAD,

When load (l.P.) 1s decreased on a diifler-
entially connected compound motor, Fig. 41, the
excess torque (T) lmmediately tends to increase the
speed (R.P.M.), thus increasing the counter-electro-
riotive force (C.E.M.F.), which in turn lowers the
armature current (Ia), thus reducing the torque.
Arrows wlith markings show the trends at each symbol,
verifying the -revious statement. But & reduction of
armeture current (Ia) strengthens the field and tends
to increase counter-electromotive io ce (C.E.M.F.).
This double effect on counter-electromotive force
would allcw too little ermature current to produce
the necessary torcue; therefore the speed would tend
to drop because of the strengthening of the field flux,
Hence we have the fileld flux tending bo decrease
speed, as shown by arrows. Under these conditions
the speed tends to remain constant or change very
little. With just the right compound effect on the
pole flux the speed can be made to hold almost without
change 28 losad 1s varied on the motor. A group of
mobtors operating as a unit will all Ce subjected %o
the same voltage variation and will respond with
identlical speed changes. To certaln manufacturing

processes this is an :zusolute necessity, and the
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dli'ferentially connected compound

o

requirements in an excellent way.

otor nmeets the
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How a Veriation in Terminal Voltage Affects the Oper-
ation of Differentially Connected Comoound

Motors.

When the terminal voltage on a differentisally
connected compound motor 1s increased, the shunt Iield
current will iIncrease, producing greater pole flux
from the shunt field winding. At the same time there
is & tendency for greater armature current to pass
through the armature circuit. These effects are shown
by arrows at (@) and (Iz) in Pig. 42, This additional
armature current passing through the series field coil
tends to cut down the prle flux in the motor field.
Just what will be the result in any individual motor
is difficult to uredict, as 1t will depend &lmost
entirely in the design characteristics of the machine.

If the relationships of the shunt fleld flux’
eand the series [ield flux are such that little change
in field flux vesults, then only the srmature current
will increase and tend to Increase speed. If these
are such that an actual decrease in pole Iflux results,
than there may be little if any chénge in torgue and
no resulting change in speed when voltage increases.
What happens to the counter-electromotive force will
be largely determined by, the resulting pole flux.
Should the pole flux increase, an lncrease will take

vlace in counter-electromotive force, which will
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Figure 42.--Skeleton dlagram analysis of increased ter-
minal voltage effects on the differentially connected
compound motor

CEMF

Fij 43

Figure 43.--Skeleton dlagram analysis of reduced terminal
voltage effects on the differentially connected com-
pound motor
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cut down the armature current. If, however, the pole
flux decreases, an increase will teke place in the
current requlrsd to drive the machine., The tendency
then i1s for the differcntislly connhected machine to
maintaln falrly constant torgue, whlch will keep the
speed practically constant with a rlse in voltage on
the lins.

If for any resson the terminal voitaée of &
differentially connected compound motor is decreszed
below normal, the shunt field flux wlll be less and the
armature current will tend to drop. See Fig. 43. This
smaller amount of fleld flux will adversely affect the
counter-electromotive force and permit more armature
current to pass through the armature ecireuit. When this
aseges through the series fleld, it will decrease the
rleld effect on torgue, whereas, wihnlle the armature
flux tends to iﬂcrsase torque. These two opposing ten-
dencles of fileld flux and armature current affecting
torgue tend to maintain a uniforn torque and hence
sractically constant speed. This condition would last
untll the voltszge cheange became over ten percent below
normal, beyond which no machine will maintaln these con-
ditlons unless 1t is specially designed for wesk fleld

operation.
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STATE OF FLORIDA
DEPARTMENT OF PUBLIC INSTRUCTION
TALLAHASSEE, FLA.

May 11, 1939

Mr. L. R. Drinkall, Department Head
Electrical Department

Wm. Hood Dunwoody Industrial Institute
818 Wayzata Boulevard

Minneapolis, Minnesota

Dear Mr. Drinkall:

I have read with interest the copy of the objective test
on the subject of D.C. Machinery sent to me for comment
and criticism. I find little to eriticise and much upon
which to comment very favorably.

I believe you have done an excellent job of reducing a
very subjective course content to an objective basis of
grading. I am well aware of the difficulties involved
in doing this and I believe you have disproved the claim
I have heard so often repeated that "It can't be done in
this subject except on a True - False basis".

Your unique presentation on the baslis of a statement of
a situation, witha multiple choiee of results, and an-
other series of reasons to complete each test item is
thought-provoking and a real test of reasoning power.

The test 1tems are such as to involve the application of
technical knowledge and the exercising of Jjudgment in thej
evaluation of the contributing factors pertaining to
typical electrical situations and problems confronting a
worker in this field.

As to the validity of the test, I am able to state this
is unquestioned. By long experience in the electrical
department at Dunwoody I am famlliar enough with the
subject matter covered in the unit course on D.C. Mach-
inery to know the items used in the test have been amply
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covered by classroom discussion, in which the conference
method 1is freely used, and by laboratory tests made by
the students themselves. The items embrace the full
range of the subject matter in an excellent manner.

My compliments to you, Mr. Drinkall, for this fine plece
of work.

Yours very sincerely,

H. F. Hinton, Teacher Trainer
HFH:bb Trade and Industrial Education
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State of Minnesota
The State Board of Electricity
St. Paul, Minn.
July 5, 1939

Mr. L. R. Drinkall
505 South Cedar Lake Road
Minneapolis, Minnesota

Dear Sir:

I have read with great interest the Cbjective Test cover-
ing Direct Current Motors and Control Apparatus, which
you left with me.

As I proceeded with a study of the test, I was more and
more impressed with the thoroughness with which you have
covered the subject in respect to care, malntenance, in-
stallation, operation and repairs to this equipment.

The manner in which you have covered this subject 1s
somewhat new to me. It has occurred toc me that this
method has great possibilities in the type of examlna-
tion given by our Board, as it requires clear, concilse
and logical thinking on the part of the examinee.

Allow me to compliment you most highly on your treatise
on this subject.

Very truly yours,

George R. Jones
Industrial Electric Company

Geo.R.Jones:ef
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THE WILLIAM HOCD DUNWOODY INDUSTRIAL INSTITUTE
MINNEAPOLIS, MINNESOTA
July 17, 1941

Mr. L. R. Drinkall
505 South Cedar Lake Road
Minneapolis, Minnesota

Dear Mr. Drinkall:

I have made a careful study of your Electrical
T. K. Test No. 2 on D. C. Machinery. I was very favor-
ably impressed with this test.

In my opinlon, the manner in which you have
arranged the multiple cholce test questions is unusual,
and might advantageously serve as a pattern for tests on
other subject matter.

From the standpoint of content, your treatment
embraces the features and characteristics of direct cur-
rent equipment and control devices, as well as the prob-
lems and conditions of installation and repalr in a very
thorough manner.

The questions are all clearly stated, and re-
quire exact reasoning on the part of the learner being
tested. His abllity, or inability, to deal with the
problems outlined can leave little doubt concerning his
understanding of direct current equipment.

It has not previously been my privilege to exam
a test involving so much functioning material on a diffi-
cult technical subject and yet so conslistently and close-
ly adhering to good testing principles.

Very truly yours,

John A. Butler, Department Head
Alr Conditioning Department
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July 23, 1941

Mr. L. R. Drinkall, Department Head
Electrical Department

Wm. Hood Dunwoody Industrial Institute
Minneapolis, Minnesota.

Dear Mr. Drinkall:

I have checked very closely the Objectlive Tests covering

Direct Current Motors and Controls, which you left with
me . -

As an electrical instructor for the past eleven years I
have tried and devised a great number of tests. I have
never used a test that to my estimation was as thought
provoking or to the point as the tests which you have
compiled.

I wish to compliment you on a fine piece of work and if
possible would appreciate recelving a copy of this test.

Very truly yours,

Al. J. Diebold
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INTERNATIONAL BROTHERHCOD OF ELECTRICAL WORKERS
LOCAL UNION NO. 110
ST. PAUL, MINN.
July 21st. 1939.

Mr. L. R. Drinkall,
Ft. Collins, Colo.

Dear Sir:

Hoping the enclosed meets the requirements that
you have requested. If you think my letter head in any
way might be a detriment Jjust use your own Jjudgement.

Hoping for your success, I remain
Yours respectfully

Harry Talbot, Bus. Mngr.
Local Union #110.I1.B.E.W.
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INTERNATIONAL BROTHERHOOD OF ELECTRICAL WORKERS
LOCAL UNION NO. 110
ST. PAUL, MINN,
July 21st. 1939.

To whom it may concern:

The attached names are men who are work-
ing in some field of the Electrical Industry all having
elther Masters license or Journeyman license, and we
believe that this test covers the subject of direct cur-
rent motors their care, installation, operation, main-
tenance and repair.

Yours very truly,

Harry Talbot, Bus. Mngr.
Local Union #110 I.B.E.W.
St. Paul, Minnesota.




NAME ADDRESS

St. Paul, Minnesota.
l. Harry Talbot, Bus. Mgr.,

Elec. Union #1110

418 N. Franklin St.

2. Raymond Roith, Liec.

Electrician 849 Thomas St.
3. Henry G. Doeren,

Lic. Electrician 615 N. Lexington
4, Jemes F. Roach,

Lic. Electrician 956 Tuscarora.
5. T. A. Jackson,

Lic. Electrician 702 Dayton Ave..
6. R. J. Abblett,

Lic. Electrician 394 Fry St.
7. Paul Albrecht,

Lic. Electrician 114 E. Acker
8. Ole Anderson,

Lic. Electrician 674 Hawthorn
9. W. Barkland,

Lic. Electrician 204 N. Western
10. Chass. Brett,

Lic. Electrician Como Station #3
11. Joseph W. Dunn,

Lic. Lineman 42 College Ave.
12. Aug. Zastrow 1287 Juliet St.
13. Bjorn Holm 116 W. 9th St.
14, E4 Stewart 454 Aurora Ave.
15. Robt. Moore 1009 Hudson Ave.
16. Henry Hucke 314 W. 4th St.
17. Walter Meikel 249-6th Ave., S.,

South St. Paul




p=

18.
19.
20.
21.
22.
23.
24,
25.
26.

27 .
28.
29.
30.
31.
32.
33.
34.
35.
36.
3T«
38.
39.
40.
41.

NAME

Ed O'Grosky
Arthur Johnson
Ed Gill

John Kotas
Henry Holdun
Otto Lehman
Lawrence Horner

Wm. Eitel

Percy F. Bennett,
Lic. Govt. Radio Operator

Ed Larson
Frank Jungwirth
Ralph Woodward
Henry Dillgard
Einar Wardrum
Frank Eppinger
H. V. Nelson
Carl Smith
Russell Nelson
Jos. A. Yares
Geo. Schultz
L. Von Linden
Ray Swanson
Henry Simons

Thos. Griffith

ADDRESS
St. Paul, Minnesota
R.F.D. #3, White Bear Lakq
1118 Blair St.
218 Sidney St.
979 Otto Ave.
394 E. Lawson St.
1162 E. Lawson St.
760 Mt. Curve Blvd.
481 Como Ave.
1015 Edmund St.

670 E. Rose St.
489 Blair St.

811 S. Lexington
1675 Edmund St.
1088 Edgerton St.
319 N. Chatsworth
1054 De Sota St.
649 N. Dale St.
2171 Jefferson Ave.
1001 Otto Ave.
1926 Sargent Ave.
787 Jenks St.

1212 Margaret St.
1292 Hartford Ave.

002 Grand Ave.
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42.
43-
44,

45.
46.
47
48.
49.

NAME

Harald Roberts
Harry Staples

R. E. Guilbert,
City Inspector

Joe Misera
John Mullen
Jos. Nemetz
Nell Neilson
Henry Hodurn

Austin Eddy

ADDRESS
St. Paul, Minnesota
Como Station, R. #3
948 Palace St.

2050 Lincoln Ave.
526 W. Tth St.
1636 Selby Ave.
1703 Taylor Ave.
266 Sidney St.
394 E. Lawson St.
418 N. Franklin
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LIST OF TEST ITEMS FROM

WHICH TEST QUESTIONS

WERE DRAWN




et

Test Items
for
A COURSE IN INSTALLATION, CARE, MAINTENANCE, OPERATION,
AND REPAIR OF DIRECT CURRENT MOTORS AND CONTROL APPARATUS

accelerating contactors
additive
air-gap
ambient temperature
armature circuit resistance
armature construction
armature conductors
armature current
armature reaction
automatic starters
base
barriers
bearings, types of
ball
pedestal
roller
self-aligning
sleeve
bearing wear
blowout coils
bucking
brush construction
brush fitting
brush maintenance
brush selectlion
commatator
color
construction
malilntenance
repair
controller
constant torque
control circuilt
cooling fan
eross-magnetization
corrosive fumes
counter electromotive force
cumilative
cutout
differential

dirt effects on
commatator
windings
drip-proof
drives, types of
chain
direct
gear
V=belt
dual ventilation
dus t=proof
dust-tight
dynamic brake
end-bell
bonnet
housing
end-shield
element
explosive dust
explosive vapors
fleld current
field flux
field resistance
fire-proof
flame -proof
grid resistance
grounding-motor frames
grounded armature coils
grummet
guide rails
guarded
heat effects on motors
interlock
insulation on lead wires
line drop
load
load effects
low voltage effects
low voltage protection
magnetic brake
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Test Items (continued)

moisture, effects of solenoid brake
motor applications speed effects
motor selection speed regulation
motor lead wire splash proof
motor lubrication starting box manual
motor ratings starting contactor
closed starting eurrents for motors
continuous starting resistance
intermittent slot insulation
open temperature rating
temperature 40°-500 terminals, code requirements|
mounting requirements torque
name plate data, uses for constant
no=field protection variable
oiling systems torque effects
drip total flux
grease-pack variable speed
force-feed variable torgue
ring ventilated winding
wick ventilation duets
open armature coil water-proof
open field coil weak fileld effects
overload protection wire insulation
permeability class A
pipe~ventilation class B :
plugging winding insulation
power circuit lacquer
predetermined time control varnish compounds
Prony brake wiring diagram

pole flux distortion
power circult
regenerative braking
regulating duty
relays
resistance, effects of in
armature
running protection fileld
reversing controls
reversing motors, methods of
schematic diagrams
semi-automatic starters
series
shields
short circuited
armature coils
field coils
shunt
sparking at brushes
causes
symptoms
remedy
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TEST QUESTIONS
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1. The three-point starting box provides a shunt motor with'

1. no voltage release-

2, overload protection - -

3. under load protection
{ 4, no field prbotection -

5. low voltsge protection

because:

(a) the holding coil is across the line.
}r (b) the holding coil is protected by starting resistance.
: (c) the shunt field is in series with the holding coil.
1 (d) a holding coil resistor protects the holding coil.
i (e) the voltage across the coil will be low.

[2. The four-point starting box provides a compound motor with*

‘ 1. no voltage rclease

2. overload protection

3. under load protection

r 4, no field protection
5. low.woltage protection -

because: Wit
(a) the holding coil is across the line.
(b) the holding coil 1s protected by ssarting resistance.
(¢) the shunt field is in series with the holding coil.
(d) a holding coil resistor protects the holding coil.
(e) the voltage across the coil will be low.

d. A speed regulating box differs from a box used for starting duty
only in:

1. the resistance of the clements

2. the change in resistance between contacts

5. the current carrying capacity of the slsments

4. the cooling qualities of the elements

5. the temperature coefficient of the clements
. because:
(a) the regulating duty element is in service longer.
(b) the element opcrates at a higher temperature.
(c) the air does not circulate freely in a starting box.
(d) the voltage drop is greater in the regulating box.
(e) the regulating duty box protects the motor.

_4- Regulating duty boxes for lowering the speced of a shunt motor
are made withs
l. resistance for the field circuit
2. resistance for the armature circuit
3. resistance for both the ficld and the armature circuit
4. a shunt for the series field
5. a resistor for the series field
because:
(a) resistance in the armature circuit increases speed.
(b) resistance in the field reduces spezd. ;
(c) resistance in the field increases specd.
(d) resistance in the armature circuit decrcases speed.variation.
(e) resistances used with both gives wider range of speed.




DAY SCHOOL Page 2 ELECTRICAL DEPARTME:@
Electrical T.K. Test #2 - o - Decs Machinery 2nd
D-c. Motors and Cont
5. Regulating duty boxes for incrcasing speeds of compound mchc’
‘above name plate valves only arc made with: : B
‘. le-.p shunt for the serics field
2., o resistor for the sories ficld
3..resistance for the shunt field circuit,
4. resistance for the armature circuit i
5. a combination of resistances for field and 1rmature 3
because: ;
(a) resistance in the armaturec circuit increases spocd.h
(b) resistance in the field circuit increoases speed.; "
(¢) resistance in the armature rcduces speed.
(d) resistance in the field circuit reduces spced.
(e) the speced ranga is widened by using both rasistances ”ﬂ
ficld and armature circuits. _ £

6. Controllers are used fcr specd control of scries motors in
preference to speed regulating boxes because
1. they usually give better specd control
2. they are more rugged and more adoptable for reversing
purposes

3. they give better protection to"the motor s

4. thoy are morec easily installed

5. thoy arc provided with a grounded case
LN
holding coils are usually.not necessary. o
only one - rosistancc is requircd with series motcrs.;
they give bettor protection to thec motors. e
‘they prevent the motor from racing.
thoy save material wheon installed.

———
0o TP
e e i N

7. The use of semi-automatic motor starting devices in. preforejg
to manual starters gives : B
l. quicker starting of the motors : .
2. better motor protection
3. morec uniform starting of'motors
4, casier starting of logd
5. better motor supcervision
and provides for
(a) more -wniform starting intervals.,
(b) less trouble and maintenance on equipment.
(c) more:reliable motor performance. .
(d) easiecr stopping of equipment.
(e) greater safety for the opcrator.

i *

8. Threec and: four point starting boxes provide d-c. motors;wif;{
1. mechanical time control b n
2. remote control starting
3. reversing control . P
4. gpced, regulation : e
5. manual control on starting ; : LS
6. automatldc start and stop control
because
(a) the starting time can be varicd.
(b) the motor connections may be reversed.
the speed can be regulated. o
they require manual operation. STTREL
- the motor will start and stop automatically. $
the starting box may be installed in any conveniont 1o

H @ Da o
St it N

(
{
(
(
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_9_ ThO National El@ctric Code requires name platc data. on motors. -
so that the maintenance man may: : : ,
1. properly install tho correct size wires
2. make thec motor run at the right spced
3. maintain and provide preventive maintenance
| 4, order repair parts when necessary
5. provide correct motor surroundings.
because this will help:
(a) eliminate the fire hazard.
(b) eliminate delay when making rcpairs.
(c) avoid too.high speeds. :
(d) to provide proper lubricants. Z
) inst111 tho motor in a dry cool place.

10. The National Electrie Code provides for

1. 150% of normal current for running protection

2. 115% of normal current for running protection

3. 110% of normalecurrent for running protection

4. 125% of normal current for running protection

5. 100% of normal current for running protection

8.3
‘ (a) this will take care of overloads.
‘ (b) provide for all motor cmergencies.
¢(c) protect the line to the motor.

(d) provide reasonable motor protection.
| (e) prevent the motor from running away.
| . t .

Bl, A regulating rheostat used with direct current notors controls.

1. output _

2. torque

3+ Speod

4, input

5., motor efficiency

6. armature currcnt

because:
(a) resistance and counter clectromotive farce control armature
current. 3 .

(b) when speed is varied output changes. _

(c) a motor is more efficient at higher speeds..

(d). when armature is varied torque is controlled.

(e) input varies with armature current.

12. Controllers provide direct current motors with:
l. automatic control
2, romotd control
3. automatic starting
4, mechanical time control
* 5. reversing control
because:
(a) the controller can be located within sight of the motor
and up to 25 feet away from the motor.
(b) an automatic controllcr starts and s tops the motor mechani-
cally.
(c) a reversing controller makes the motor oporate in either
direétion.
(d) mechanical time control fixes the interval of starting a
F motor.
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13. Gontrollars and’ motor starting dévices darc frequontly:

14.

15.

16.

D-c. Motors and Con-

from arcs by Cheolh (chk tnm false answor|
1. barriers SO OREN raneasn ] 5 _ g
2. Shields ".‘ .:t,_‘l, 5 L T 3 ’ ! = .-»
3. carbon contacts: e b Pate S v 41 Hhime
4, multiple broaks at* contact points““_m':f'- = T nidins SO

5. blowout coils . : PLTs ST
6. solcnoid coils 4 s JHT o et SR
because: e ¥t dnd edSNin I
(a) shiclds prevent grounds from_arcs. ' ¥ oo i i
(b) barriers prevent arcs betwecen contacts. ARk
) the solenoid provides a magnetic release brake.‘
) multiple breaks tend to quench the ares. = b
) carbon contacts act as resistance in a circuit at b
) blowout coila set up magnetic fiolds whicthopel 01
arcs.

Push button starters provide diroct curront PLL
1. remote control starting Hy -
2. speed regulation
5. manual starting
4. mechanical time control
5., automatic time control

which means that the motor can be ‘

(a) regulated as to specd changes.

(b) started by hand operation. - '

(@) automatically timed between starting periods.. ..
(d) started from any convenient location. ; 9] i
(e) mechanically timed for the starting 1ntorval.;“‘_ 1ir

|l'

Byl W ST
e A4 e S e

The best automatic time control for motor starting devicba w
all weather conditions is: ]
1. clock mechanism ‘ VB redu ke ‘: ]
2. air dash pot Ll o .
3. 0il dash pot i
‘4.'counter electromotive force type
5. circuit breaker type
because: 3
a) the circuit breakor type can-be operated as desired._;
(b) the air'dash pot will operate at the same speed at all
times if the leather on the plungor does not sticks:
(c) the o0il dash pot may be slower when real cold. . :
(d) the counter clectbomotive force type is electricaily ‘
controlled. .
(e) the clock mechanism may be a trifle slower if the caig
on the bearings is stiff. X

!
- l.

The motor frame which provides the best ventilation for thG;T
is:

1. dual ventilation type

2. totally enclosed

3. drip proof

4. explosion proof

5. onen end shield

6. semi enclosed

i a,'

(cont.)
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6. (cont.) .
‘ pecause:
(a) dual ventildtion circulatcz air inside and outside the
frame when the motor runs.

(b) thg drip proof is arranged so that flying particlos cannot
enter.

(c) the explosion proof frame is strong enough to withstand
all pressures from the inside.

(d) the totally enclosed frame keecps -out all dirt and ‘fumes.

(e) partielly enclosed and open types permit free.circulation
of air currents.

17. The most economical method of braklng motor driven ‘equipment from
* the power consumed is:

1. dynamic
2. solenoid release gravity type
3, magnetic

4. regenerative
5. friction dises in oil
because:

(a) the solenoid release rcquires only the line current to
relcase the brake. '

(b) the magnetic brake takes a small .amount of oleqtrical
energy to magnetize the brake coil.

(c) the energy from the rotating machine is converted into
heat in a resistor when dynamic braking is used.

(d) t?etfriction dises in oil operate similar to an automobile
clutch.

(e) regenerative braking sends power back into the power system.

18, Brushes should be fitted to the commutator by using
) 1. sand paper
)’ 2. emery paper
i 3. emery cloth
[ 4. 2 grinding stone
1 5. a half round file
6. the wear from thc commutator
‘because:
(a) sandppper will cut the brush rapidly and 18 not apt to
injure the cormutatér.
(b) emery paper will cut faster wear longer and is very

: abrasive.
(e¢) cmery cloth will last longer than papor.
ke : (d) a grinding stone will be permanent and can be used for

other purposes.
(e) a half round file can be used to file a curve in the brush.
(f) if it wears in it will fitthe commutator.

9. High operating temperatures of direct current mo tors arc ‘most
likely to couse damage first to
1. brushes
2. commutator
3. field coils
4, armature coils
9. c0il leads to risers
because the heat:
(a) will cause sparking and burn the brush contact.
(b) damage the mica between the commutator segments.
(¢) injurc the insulation in the field coils.
(d) ground the armature coils.
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20. The pronor lubrication for motors with sleeve bearings havir
0il rings is: S R . o
“liT1lard 01l T ' N L e S i e

., es. hard oil " 4 b =

'3, cutting oil

4., 1ight medium. cngine oil
O. graphite and gil . :
because: i Nee
(2a) lard oil is a good cooling agent.
- (b) hard oil will flow when hot. 8

(c) cutting oil will penetratc to all parts of the beat
(d) light medium engine oil has body and will float the
in the bearing. :
(e) graphite and o0il is a good 1ubrlcating combination.,

2l. The load on a direct currcnt shunt motor causes a largo ¢
l. field flux
2. terminal voltage
3. armaturc circuit resistance
4. .8pced : .
5. armature curront '
because: . _ o
(a) the’ generator voltage drops. _ T
. (b) morec field flux is noeded. : : '
"(e¢) the rosistance in the armature circuit is” grcater.
..(d) the motor needs more torque. "
(e) the load makes an immediate change in speed.
22, The speed of a direct currcnt shunt motor is 1ncreased byJT
1. reducing the armature current
2. reducing the terminal voltage
3. incrcasing the load
4, incrcasing the armature resistance
5. increcasing the torque
because:
(a) increcased armature resistance recduces armature curre
(b) line drop decreases terminal voltage. '
(c) inereascd load reduccs speecd.
(d) torque is increcased by more armature current,
(e) a motor must have higher speed to produce more powers.

23, The ficld flux of a direct current shunt motor primarily’
.+ 1. speed.and load :
2. torque and counter electromotive force
3. armaturc current and torque
4. torque and load
5. counter electromotive force and speed
becausec:
(a) terminal voltage affeocts field flux and speed.
(b) field flux affects torque and counter electromotive £€
(c) armature current and field flux affect torque., '
(d) torque affects speed and load. A
(e) speecd and field flux affect counter electromotive fori

( cont. )
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p4, The torque of a dircect current shunt motor is used in produoing'
’ 1. greater counter electrcmotive force
2. greoater armaturc current
3, more ficld flux A
4. more speed and load handling ability
5. more speed and armature current
because:
(a) counter eloctromotive foroo controls armature ourront.-
(b) speed and pole flux control counter electromotive force.
(¢) torque is required for load and speecd.
(d) field flux and armature current combine to produoe torque.
(e) terminal voltage affects field flux and armature current.

25. The counter electromotive force of a direct current shunt motor
B - affects:
l. the resistance in the armature circuit.
2. the field flux
3. the terminal voltage
4. the speed
5. the armature’ current
because:
(2) torque produces speed and load. -
(b) field flux and armature current produce torque.
(c) speed and field flux produce counter electbomotive force.
(d) load affects speed which changes counter electbomotive force.
(e) terminal voltage and armatunre resistance affect armature
current.
(f) armature resistance and counter electromotive force control
armaturc current. .

26. The one variablc item which directly affects torque in a diroct
- current shunt motor is
w1 Preta IO
2. terminal voltage
5. counter clectromotive force
4. armature resistance
5. specd
6. armature current.
because:
(a) counter electromotive force directly affects armaturo
current.
(b) terminal voltage affects both field flux and armature current.
(¢) armature resistance affects armature current.
(d) field flux affects torque.
(e) armature current affects torque. .
(f) speed affects counter elecetromotive force. adnd e

@7- Resistance in the armature circuit of a direct current shunt
motor will cause the motor to have less:

l. torque

2. specd

3. field flux

4, counter clectromotive force

5. armature current
because:
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27. (cont ) :
) motor must have tho same terque to pull the load.
) counter elecctromotive forcc must be groator.

% ficld flux is not affocted. -
)

OQJOD‘D

(
( i
( armature currcnt must pass through moroe r031stance. A
( terminal voltage will bo the samc as without rosist e
28. The terminal voltage of a direct curr=nt shunt motor will
affected bys .- . _
1. armature ‘current
2+ Lfielg Tiux . .M
3. armasure . resistance. '
‘4, genernted electromotive force
5. counter electro force
because:
(a) counter electromotive force depends upon speed and f
(b) armacure curr nt depends upon counter electromotive.
(c) generated electromotive force and line drop fix tern
voltage.
(d) armature resistance affects speed. S
(e) field flux and speed fix counter electromotlve forcq.

29 Terminal voltage on a direct current series motor is direqif;
responsible for .. - | : . N
1. speed - EY M Rr .u7_
w83 armature current . . . -
3. field strength
4, armature resistanee
0. torque
6. counter electromotlve force
because:
(a) counter electromotive -force depends upon:'speed and f1
(b) armature resistance controls armature and field curre
(c) generated electromotive forc e and line drop fix termir
voltage. -
(d) field strength depends upon armature current.
(e) armature current and field current depend upon volt

30. Resistance is used p rimarily with a direct current. seriea
to control
1. load
2. counter electromotive force
2é: borque .~ . .
4, field flux
5. armature current
6. terminal voltage
a8 this prevents :
a) excessive speeds.
weak fields.
low voltage.
excessive torque.
overloads.
low counter electromotive force.

(
e
(
(
(
(

HO L o

(cont.)



4y SCHOOL Page 9 ELECTRICAL DEPARTMENT
mectrical -T. K. Test #2 , : D-¢. Machinery 2nd Mo. . |
3 ‘ D-c. Motors and Control App.
. Armature current in a direct current series motor may be increased

g adding r331stance to the field circult .
2. adding resistance to the armature 01rcuit
- 3. inecreasing speed .
4. increasing torque
J 5. reducing terminal voltage
4 6. reducing resistance in the armature circuit
h for this will ;
1 (a) cut down durirent flow. to thé field.
| (b). mainvain the field curreént., = :
I (e) conir ol the current in the armature circuit.
(d). reducc the counter electromotive force.
(e) maintain the mdtor torque.

52. Field flux in a direct curr nt series motor is variable due ‘to:
1. changing terminal voltage
iz 2. changing armature current
‘ 3. changing armature resistance
4. changing load
5. changing torque
because: '
(a) a change in armature current changes field excitation.
| (b) a change in resistance changes speed.
| (c) a change in torque changes speed. i
| (d) a change in counter electromotive force changes armature
‘current. ' .
(e) a change in load changes speed. : }
(f) a change in speed and field changes counter electromotive
force.

33. The counter electromotive force in a series motor is deperident
upon: :
L Speed and torque
2. field flux and torque _
3. armature resistance and terminal voltage
#, speed and field flux
5. field flux and armature current
because:
(a) the armature conductors cutting pole flux aets up counter
electromotive force.
(b) the . torque produced the speed and pulls the load.
(c) armature resistance and terminal voltage affect armature
current.
(d) field flux and armature current produce torque.
- (e) counter electromotive force controla armature current and
field flux.

34, Torque for the direct current series motor is said to vary:
| 1. directly with the terminal voltage
| 2, inversely as the armature circuit resistance
3. directly as the armature current
4, directly as the square of the field strength
5. directly as the squarec of the armature current
because:
(a) the field strength depends upon the armature current.
| (b) the terminal voltage increases the armature current.
: (¢c) the watts equal the volts x the amperecs.
(d) the armature current is variable in & sories motor.
(e) the resistance in the armature cirecuit controls the currant
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35. The speed of a dlrect currcnt series motor changes greatly
- ls terminal voltage - :
2. counter electromotive force
3. resistance in the armature circuit
4. torque ST Ry
5. load g : iR
because:? A j ' W
(a) armature current produces both sources of torque. '
(b) load changes speed which affects armature current. .
(c) the speed and field flux work agdinst each other in
ing counter .electromotive force. ' -
(d) terminal voltage is the- SOurce from which the armature
current comes. ‘ bl
(e) resistance controls current flow in the armature cirg&'

36, The load on a direct current series-motor causes a large chan
l. armature circuit resistsnce
2. terminal voltage
3. field flux and armature current
4. generated electromotive force
5. shunt field current

becauses . '

(a) the armature eircuit resistance is low. -
(b) the generator load is increased. £
. (e) the torque is obtaimed from armature current only (%
(d) terminal voltage must be maintained. 4
(e) the current 1n the .shunt field. is constant.

37. The difforential connected compound motor has
l, only a series field
‘2. 0only a shunt field i
3. both a shunt and secries 0011 but the series coil is ‘0
4. a shunt coil across the line and a series coil with the
same polarity as the shunt coil - "
5. a shunt coil across the line and a series coil with OppPoOE
polarity to the shunt coil :
because this connecticn:
(a) makes more pole flux.
% (b)) is cumulative ! S
(¢) causes the same flux directlon for both coils...o
(d) makes the flux dircction opposite for the. coils.- i
" (e) reverseés the armature current. ‘.

38, A change .in terminal voltage will affect the speod of a
less under constant load.
1. shunt
2. series
5. cumulative compound
4, differential compound
bogausc ' ’
(a) the series motor speed is vory sensitive to load cha
(b) the shurit motor speed changes only slightly with load
(¢) incrdased armature current makes a stronger field wi
cumulative connection.
(d) increased armature current with the differential conn
wecakens the pole flux. -
(e) torque depenas upon field strength and armature cure

(cont }';. G AT. : .xj Jﬂ}
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The load on a oumu¢1t1vo compound direct current motor will cause
greater than occurs in.a shunt motor of
the same sizo and typc.

1. torgue. change

2. counterselectromotive force changc

3. speed increcase ,

4, specd decrease !

5. armature currcnt changc
because:

. (a) the field flux increases. :

(b) the counter electromotive force is'inerecased.

(¢) series motor characteristics. are added.

(d) more torque will be produced.

(e) the same load will be handled.

The speed of a direet current cumulative compound motor will be
motor for the same load.

1. higher than a shunt-: -

2. lower than a secries

3. higher than a differentially connected compound

4. equal to a differentially connected compound

5. equal. to a series

6. between the shunt and the seriecs

becausc:

(a) the scries field effect tends to lower the speed of the com-
pound motor when load is added.

(b) the compound motor has the highest speed at no load.

(¢) the series motor spced is very low at full load. .

(4) the combined affect of scries and shunt winding tends to
produce intermediate characteristies.

(e) the differentially connoctcd compound motor has weak field
under load. _ ;

The torque produced in a direct current cumulative compound
motor for a given armaturc currcnt is :
1, greater than in a series motor
2. less than in a shunt motor
3. equal to a differentially connected compound motor
4, equal to a shunt motor An
5. greater than in a shunt motor
because:
(a) the fields arc "bucking".
(b) the pole flux is less.
(¢) the armature currcnt is grcator.
(d) the pole flux is stronger.
(e) the armaturc flux is increased.
The field excitation on a direct current cumulatlvo compound motor
is obtained from: ; .
1., the shunt field winding
2. the series field winding
3. the armature current
4., the terminal voltage .
5. the shunt field coil and thc sories field coil
because . _
(a) the series coil has no magnotizing affect at no load.
(b) the motor has two field coil windings.
(¢) the voltage is applied to both field and armature.
(d) the fields are stronger under load.
(e) the pole pieces contain more iton.
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43.

44.

45.

46.

. D-c. Motors and Contrg
ngh termnnal voltagc on R diruct current shunt motor wil o
cause :
1. increased field flux and 1ncroasod armature curroht
2., weaker ficld flux and incrcéascd  armaturé. current
3. grocater torque and decrcascd power W
4, incrcased specd and incrcased armaturc rosistance
5. about the same torquc with smaller load ;
becauso: :
(a) more field flux will incrcase counter eloctromotive j-g
which-will be offsct by recduced r.p.m. vt
(b) more torquc. will producc greiter spced. "
(¢) less torque will produce less speed. ' ot 1
(d) higher voltage causes greater field flux and morc armat
current.
(e) less torque will pull smaller loads.

A stronger ficld flux on a direct current shunt motor rosu
1, more countor electromotive force and less speed
2. incrcascd torque and gréater speed -
3. higher terminal voltage and greater armaturc current -
4, higher specd and less counter electromotive force
5. decreased armature rcsistance and more load

which will produce
(a) the same torque and grcator speed.

(b) less armaturc current:and the same torque.
(c) more power and greator production. '
E ; less counter electromotive forece and higher speed.

‘the same torquo and less output. .
A weak ficld on a direct current shunt motor rosults finallfr
a change in which affects production - )
1. counter clectromotive force
2. armature - current o7 S
3. motor load 4 : LRl
4. motor speed R A
5. terminal voltage
becausey
(a) motor speud inercases with a weak fiald.
(b) motor load will be affected to a large extent.”
(¢) morc armature currcnt is noccessary.
(d) the torque is less than before. : =
(¢) load causes an inecrecasc in termlnal voltago. %

Resistanee added to the armaturc circuit of a diroct ourr

motor will cause the to decrcase greatly T
1. armature current
2. torque : A
3. counter oloctromotive force : e T
4. field flux R .
5. specd : i e
because: : 0

(a) resistance decrcases current flow. - : . .

(b) more counter electromotive force is needed. o

(c) greater line voltage will be neccessary. v

(d) speed must decrease so the counter electromotive fo
will be decrcased.

(e) the field flux romaina unchanged.‘

OesRE S, cmo iy i wSE
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The gr@abest startmng torque obtaxnable from dircct current mdtors
- is provided by the: e ;
E 1. shunt conncction _?““'* rEGTLE 4
| 2. series connection it WERHE o
' 3. cumulative conhection’
| 4. differential conncetion sk
| 5. ecumulative short ‘shunt’ commection 2
6. cumulative long shunt connection L ‘””?i‘;“f
- becauses: gy £6 P, o
(a) the shunt connoction glves constant field flux and v1riable
armature flux.
(b) the scries connection gives maximum field When armature
currdnt is greatest.
(¢) the cumulative connection 1ncruases pole flux somewhat with
armature current inerecase,
(d) the differential connection decroascs pole flux sombwhat
with armature current increase.’
(e) the cumulative short shunt has slightly less Shunt field
flux than the long shunt connoction gﬁves."

-

48, The greatest running torque obtainablc from dircct current'motors
is provided by the !
1. shunt connection _ ) ok
2. sories connection - : sl P EEEN GRS
3. cumulative connection 1L : &5
4. differential connection
5. cumulative short shunt connoction
6. cumuletigc long shunt connéction
because.
(a) the shunt connecction gives constant field flux and variable
armaturc flux.
(b) the series connection givos maximum field when armatnre
current is greatest. -
(c) the cumulative connection incrcases pole filux sombwhat with
..gpeater armature currents.
(d) the differential connection decrcases pole flux xomewhat
with armature current incrcase.”
(e) the- long shunt cumulative connection vrovides a trifle more
pole flux than the short shunt connection.

49, Speea rogulation is measured’ dnst -
1. change from no load to full load
2, feet. per minute i
3. revolutions per minute
4, revolutions per second
5. feet per second , :
and per cent regulation is based on _ R 2%
(a) no load spced i b
(b) change in speed from no load to full load AIGRLE

(e) full load speed
(d) half load specd
(e) overload speed |

(I apge s idralon ar sy’ il LR
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50,

51,

52.

53.

because:

D-c. llotors and Con’
Thq best sPeed regulation obtainable from direct current-
for moderate load is provided by the: ik 1
1. shunt motor HBulds -ﬁ ‘ f.:j*
2. series motor - :
3. short shunt cumulative compound mqtor
4. differential compound motor. - F
5. long shunt cumulative eompound mgter 2
as this connection: , o
(a) provides practically no speed variation w1th load
(b) is.classed .as . constant :speed motor. . . {
(¢) has some decrease in speed as load.is addad. _ '
(d). provides higher voltage-on the shunt field unde load,
(e) varies the speed greatly with lqad change..s :

T
Armature reaotion is the same as the. ;
l. cross magnetization of the armature
2. magnetism in the air gap . _
3. flux from the interpoles
4, compensating winding
5. distortion of the main pole flux

an? is caused by the: . 4 w

'a) action of the interpole flux on the main flux. e
(b) compensating winding correcting the &rmature actioné_
(c) armature action on the pole flux 88 : ; -
(d) effect of the air gap. aq
(e) voltage generated by the snort circultad coila. h ¢§

It | a:..?‘
Worn bearings on a dircet curren’c machine will qqquﬁe (piqﬁ
wrong statement.) e
. L. -Loss of capacity
2. heating
..3. eirculating currents in the armature -
4. unbalanced magnetic circuits o
5+ increase in speed :

. (a) unbalanced magnetic circuits will weaken the fieldsnﬂﬁ
cause the motor to run faster.
(b). the cinepltaing currents use up the canacity of tnal
'"'conductors 4o carry useful current. f
(c) the extra currents cause an increase in the heating._j
(d) unbalanced magnetic circuit sets up unequal VOltagear
on the coils between brushes. LD
(e) heating will increase the armaturec resistance. .ﬁ 'g-
I - p{ 4l
When the prony brake is used to find motor output thﬂ quaﬁﬁ
measured is: , 4
l. speed
2. horsepower L Bact Al N
3. input : (L8 : i TERRE A
4. output E : E fivy (A
5. torque . Eiys 4K \
because s hralw
(a) the speed is found with a tachometer.
(b) the input is found from the meter recadings.
(¢) the onput is ecalculated from the torque and specd.
(d) the torque is the product of the arm and the scale Ié:
(e) 33000 ft. lbs. per minute equals one horscpower.
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)

4. The brushes on a direct currcnt motor should: (pick wrong
~  statement)

1. be equally spaced around the commutator

2. 211 have the same pressurc against the commutator

3. always be all sct at the same angle with the commutator

4. always be sey at a trailing anglc to the commutator rdation.
5. always have good contact area with commutator

(a) equal precssures cut down circulating currents.
(b) the samec anglec helps keep brushes equally spaced.
| (c) good contact with commutator insurcs high conductivity.
| (d) equal spacing helps insure equal voltages hetwecen brushes.
(e) the trailing angle provides best brush operation in the
holder.
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DES 4-10.1 D,C. Machinery

DeCo MNobtors &
Control Apparatus
70B: Test and diagram 3-point and 4-point starting boxes

ﬁiterials, tools, equipment:
S-point starting box, 4-point starting box, load bank, hand tools,
ammetor, voltmeter, lead wire

goneral instructions: .

Read this job sheet carefully. You are doing this job tc become
familiar with the construction and internal connections of various
typos of starting rheostatss Put your name, section, job sheet
number, and date finished on your report.

operat1n~ ateps:
1 Select S-point and 4-point boxes from the rack.
2, Inspect the drawings of the starting box diagrams on window curtains
in the shops
5. Mako a front view drawing of the box, showing and marking the
" torminals and external connections.
4, Using a load bank in series with one side of the line, check the
- external points which have connections insides
5. Indicate them on your drawing. :
6, "ollow the diagram as shown in Figure I, and measure the resistances
. between each of the points connected.
7. "lace these values on your diagram.
8. I the boxes have any apecial features explain their uses.s
9. liote the holding coil connection in these boxess
10. Ts there special provislon made to protect the holding coils?
11. Inspect the insulation and construction details of these boxes.
12, Compare these boxes.
Sketeches:

100 V DyCe lOI Gfi—ﬂ/ '
Fige I 3

SW

Procautions:

Do not take these boxes apart except for repairs,

Avoid short circuits and use a short circuiting switch for all

annetersq

stions:

1« What are the resistances between the series of contacts used for?

2¢ IHlow much current will the resistance permit to flow at the
rated voltage on the boxes?

3. Now does this compare with the name plate current for the motor
corresponding to this starting box?

44 How much above normal current does the starting box permit %o
start D.Ce¢ motors? See Codes

5. If the holding coils of these boxes were connected directly acros:
the line by mistake calculate the current which would pass througl
thom.

€+ Vould the coils carry this amount of current?

Te Under proper conditions how much currept do the holding coils
have throuch them?

Quo
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gstions (con't)

Be Is this true of all boxes, both 3-point and 4-~point?
9., If the name plate became lost from a gtarting box how could
you determine the size of motor this box would start successfully
10, How much time normally is used in starting a motor?
11. Why are these boxes for starting duty only?
12. In what ways do these boxes protect motors?
13, Does the code specify other protection for motors in addition
to the starting box?
14, . hat would you use to lubricate cutting contacts on a starting
box?
15. Do these boxes introduce resistance into the shunt field circuit
of the motor when starting?
16. That percent increase is made by this added resistance?

Written renort questions:
l. Turn in complete diagrams of these starting boxes connected to
shunt motors.
2. hat is the function of a starting box?
Se Give the code specifications for installing starting boxes.

Reforences: Klectric liotors and Control - Fox
Electrical Machinery - Annett
Elements of Electricity - Timbie
Croft's Handbook
Principles and Practice of Electrical Engineering - Gray

6/14/35
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oEs 4-10.2 D.C. Machinery

i DsCe Motors & Control
Apparatus

goB: Test and diagram speed regulating rheostats

Metorials, tools, equipment:
- gpeed rogulating rheostats, Cutler hammer and VWestinghousa, load
bank, hand tools, ammeter, voltmeter, lead wires

gencral Instructions:
Read this job sheot earcfully. It may be for any regulating duty
rhoostat,
You arc doing this job to become familiar with the construction and
\ internal connections of various types of starting rheoostats.
Put your namo, section, Job sheet number, and date finished on your
rooort.
‘Operating stops:
l. Mako a front view sketch of the boxes showing and marking the
torminals and external connoctions.
2e Test and connoct the internal circuits.
« Note the heavy duty character of tho armature starting resistance,
(Jestinghouse startor)
4. Note how the high resistanco is connoctod. Speod ropgulation may
? be accomplished in oither of tho two following ways -~ high
| resictance may bo added to the field circuit to incroaso speed
or low resistance may be connected in soriocs with the armature to
reduco the spoeod.
5., Noto any distinctivo mochanical or clectrical featurcs of theso
rhecostats.
6. Tiecord the namo platc data,
7. Noto the rosistanco matorial and its installation iIn the box.
3. licasurc tho amounts of the resistances in thosc boxos.
Skotechos: To bo mado by studont,.
\Prccautions:
| 3¢ vory carcful not to break lcads or grids on thoso starting and
rogulating rhoostats,
dandlo metors carofully.
Cast rosistance grids arc vory brittle and oasily brokon.
Oucustions:
1. Namo the parts of thoso boxas.
2o TThat is tho function or usoc of oach ono?
5, In this box used to incrocasc motor specod above ratcd valuc by
incrcasing rosictanco in tho fioeld circuit or is it uscd
to rcduco motor spocd bolow ratod valuo by tho usc of resistanco
in the armaturc circuit? Can both high and low spcoeds boe obiainod
with onc rhoostat?
4. Docs cvach havc both rosistancoes?
5. why is tho armaturo rosistanco moro rugged and open in this typo
of box than in ono usod for starting duty only?
6o How is tho arm hold in thc various running positions?
7« Doocg it moko uso of a holding coil?
8. Is a starting and rogulating rhoostat suitablc for shunt,
compound, and sorics motors? Why?
9, Has this box any protoctive foaturcs to proteet tho motor?
Sxplain thoir function if thoro is ong,
10, Vihy docs tho rosistanco used with tho ficld circuit have to bo
so much groatcr thon the armaturc cireuit rosistanco?
= 11, lamo tho two factors which causc volt drope.
P 12, That is tho cost of a box of this typo?
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wuootbions (con't)
- 13, What arc tho code roquiromonts for mounting starting and
regulating rhoostats?
14. What insulation is uscd for intornal connoctions for boxos of
this type? (Socc Wostinghouso Startor)
15. What aro the code spocifications on this wiro?

written roport questions:

1. Turn in noat drawings of the wiring conncctions for thoso
starters.

2. "ritc tho spocifications for ordering thoso rhoostats.

Roforoncos; Llecetric Motors and Control - Fox

' Bloctrical lMachinory - Annott
Croft's Handbook
Prineciples and Practico of Iloc. Ing. = Gray
Catalogs and bulletins

6/14/35
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Apparatus
Inspoct, tost and diagram a G.E. Typoe B. 109=-A drum controlloer
JBGOBB?

watorlals, tools, ocquipmont:
Boat-tost sot, hand tools, controller, rosistancc and lead wiro.

gonoral instructions:

' This oqufnmont is oxponsive and should be handled carcfully. Thoeso
piccos of oguipment with slight changes in contacts and lcads may
be used wilth soveral circults and various industrial applications.

Oporating stops:
1. Inspcet the controllor for idontifying numbers.
. 2, Inspoct tho grid rosistancoe and notc the contacts and mcthod
| of insulating tho various soctions.
5. Test tho rosistanco with the boll test sot in order to find tho
circuits through it.
. 4, Removo tho cover from tho controllor by loosoning the nuts on tho
| sidcs and swiging thom oute.
NOTS: Toosoning tho thumb nut at the top of tho controllor allows
tho nlato covering the contactors to swing back out of tho way.

5. Inspect and tost tho circuits through tho controllcor. Noto
that tho rotating olomont is cylindrical in shapc and that this
is laid out flat on tho drawing.

G. Sccurc an oxtra copy of this drawing and mark the polarity of tho
linc and follow tho path of tho curront through thoe diagram
nging arrows with numbors as follows: l.——% for tho first
contact, 2, —— for socond contact, otc. CAUTION: DO NOT
MARK TIIZ JOB SHEET. Use two colors on arrows, onc¢ for lowor
and tho othcr for hoiste. Note the dotted 1linos from top to
bottom. Thoy indicatc the various handlo positions which tho
rotating eloment takos,.

7. Put the controller handle into a roversc position and indicato
tho curront paths as in 6, but usc dottod arrows or colored
ponecil for idont:fication.

8. Carofully romove two or threoo of tho contact fingors and oxaminc
thoir construction and assombly.

9, Yoto tho mochanical construction of this controllors,

10, Inspoct tho condition of tho cloctric contacts and also tho
prossuroc on cach,

11, Tote tho provisions madoe to provont arc damage.

12, Aftcr noting tho gquostions loave tho apparatus complotoly
roagsscmblod as it should bee If in doubt about this consult
tho instructor.

15, Rocord tho namo plate data.

Skotchos: Soo following pago.
Procautions:

Handle this apparatus with judgemont and rcoport anything which doos

not appcar right.

Do not connocet to tho lino in this job.
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puostions:

le

-
54
.

L]

G Ul
-

~1

(s Rl

10.

11l.
12,
13,
14,

"hat typo of motor is this controllor used with?

““hy arc all contacts heavy duty?

lhat would you usc to lubricato any contacts or parts which
woerc cubting?
Tow is thoe rotating olcoment stopped and held on the contacts?

That would probably rosult if this mochanism was out of ordor?

How docs the construction of parts and the provisions madec for
carrying curront comparc with tho throo and four-point starting
boxoes?

What is tho diffcronce botweon starting and rogulating duty

and controllor duty?

hat doos a controller do that a rhcostat doos not do?

That is the purposc of the platos with tho shiclds mountcd on
thom? ‘

That takos placo in tho motor circuit whon the controllor is in
reversof?

Could this controllor bo usod on a shunt or compound motor?

Why is tho cast grid so hoavy and so frooly vontilatod?

Is thorc any protecction for tho motor in this controllor?

That doos tho code roquirc for protoction of motors usod with

controllors?

Skotechos: Scc separate sheot.

Tritton roport quostions:

(9
iv e

Turn in a drawing with currcent diroctlons complotoly indicatod
by arrows.
rito an ordor to thc company for purchasc of this controllor,

IRefurcnccs: l. Zfloctric lotors and Control - Fox

2 Bloetrical Circuits and lMachinory - Morccroft -~ Hohro
3« BEloctrical Machincry - Croft
4, Bullctins and catalogse
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Sketches;

Field Brake
G.E. Type B-10,94
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Apparatus

Tnapect, test and diagram a 1% H.Ps Ge%., Type R=-301 Dynamic

prake controller ;/359138

torials, tools, equipment:
‘Boll-test set, handtools, controller, lead wire

Meral instructions:

whis equipment is expensive and should be handled carefully. There
are varilous methods for obtaining dynamic breking. Controller
lenpineering practice utilize the equipment for as many methods as
s nossibles This is done %o cut down engineering and factory

ting steps:

Insnpect the controller for identifying numbers.

Inspect the controller for location of resistance - Do not take
apart,

Remove the cover by loosening the nuts at the sides and swinging
the holding bolts outward. :

Inspect the moving contacts.

Test the various circuilts through the contacts and fingers.
Consult the drawing on the shop curtain. Note that the moving
element is cylindrical in shape but is laid out flat on the
drawing.

Jecure an extra copy of the diagram and mark the polarity of the
incoming lines (+) and (-) and follow the path of the current
through the drawing 8 and 9, For armature circuilt only.

8, Indicate these directions using arrows and numbers as follows:

le woo—> Tfirst contact path, 2. — second contact path,
etce DO NOT MARK THE JOB SHEET.

Put the controller handle in reverse position and indicate the
current paths as in 8, but use dotted arrows or a colored pencil,
Inspect the construction of the contact fingers and examine the
adjustments and condition of the contact surfaces.

llote the provisions made to prevent arc damage.

After noting. the questions on this sheet carefully reassemble the
apparatus as it should be., If there is any doubt on this part of
the job, consult the instructor.

Record the name plate data.

Save your noates. You may need them on a data job.

lichos: Soc noxt pago.

Cautions:
Handle this apparatus with judgement and report anything which does
I appear to be right. Do not attempt to connect to the line on

Stions:

s ‘hat types of motors can this controller be uscd with?

» 'hy aro all contacts heavy duty on this controller?

;_uhat would you use to lubricate cutting contacts?

f¢ Ilow i3 the rotating element stopped and held in the proper
Position for making contacts?
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fuostions (con't)

5., ~hat would result if this mechanism did not function?

6., “hat provisions are made to reduce arcing and guard against
arc damage?

7+ Doos this controlleor offer any motor protection other than for
starting tho load?

8. How 13 tho motor roversed with this controller?

9. Vhat is dynamic braking?

10, Ilow 1s this obtained with this controllor?

1l. Zow ia the spoed variod from 150 ReP.M. t0o 1800 RePsMs with this
controller?

12 “hon 1s the ficld rosistance introduced with this controllor?

Wiritton roport quostions:

le Turn in a drawing with curront dircctions indicated as called
for in this job sheot.

2. Draw diagrams showing motor connections which will produco
dynamic braking.

. 3xplain how dynamic braking is accomplishod,

Roforcncos: Elcetric liotors and Control = Fox
Lloetrical Circults and lMachinery - llorceroft & Hino
Elcectrical lMachinery - Croft
Principles and Practico of Eloct. Engs - Gray
Croft's Handbook
Trade Catalogs and bulletins

16/14/35
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' D.C. 'otors and Control
Apparatus

go5; oonnect and opovatc a 2 H.Pe shunt motor using throo-point

and four-point starting boxos.

gatoricls, tools, uquipmont:
. Ilotor, starting boxes, hand tools, prony brake, ringcer test sot,
load wire, platform scz2le, wator pan, ammoter, apccd indicator

goncral Instructions:

I Follow this job shoot carcfully. In thia job you should lecarn to
conncet a motor with a S-point and 4~point starting boxos. Work
intolligontly - do not guosse

lecad your roeferoncos, 2ec that tho motor has oil.

Pporating stepas
1, Usc¢ tho starting rhoostats on the framo with a 2 H.,P. motor.

2. Mako a skotel from tho information you have on sbtarting boxas,

showing tho connoctions to tho motor.

S« Test and mark all lecads,

Lo From your diagram and the information found from tosting, connoct

the throc-point starting box to tho motor,

5 Usu the circuit broaker on tho framc above tho motor as a lino

switch,

8, ‘ut tho prony brakc on the pulley and set up tho scalc. Have

brake arm horizontal., DO NOT TIGHTINW THI BRAKE,

Ve Gompletc the conncetions to tho 1linc and chock tho motor rotation

with roference to the brake arm roguiromonts.

CAUTIONs If tho motor doos not start on tho third contact or
boforc, hold thoe starting box arm stationary and opon tho line
clreuvit broakcrs THIS IS IMPORTANT,

£+ Place the ammecter in the linc to tho motor and aveid placing tho

motor whore wabtor may got on its Usc tho metor tables.

U« liotu tho action of tho ammotor as the rhoostat arm is moved

glowly from contact to econtact.

Chuelr and rceord tho spood at no load,

Tako tho voltage at tho motor whon load is full valuo, Adjust
this to the namo plato value whon readings aro being takon.
0TE: If tho mobtor spood incroascs whon load is added tho
brushes probably nocd sotting. Consult instructor.

i2, Tighton the drum on tho brako arm until the ammotor roads full
load valuc of curront., Put wator insido pulloy drum for cooling.

13« 3&lance and record tho platform scalo roading for full load
curront. Stop the nmotor by oponing tho broakor.

14, 7ith brake arm sct as in 13, start up tho motor and notc ammoctor
doflcections whon starting a load.

15, Talo a good fiold rheostat from tho rack and place it in the
ficld eircuits With aboubt 75 ohms addod to tho field circuit
rorun stops 12, 15, and 14,

16, Tighton drum until scaloc reading was tho same as full load undor
normal conditions, i.0. bofore rosistanco is added to fiold

_ cirecuit.

Procautions:
I'ale surc the fiocld circuit is complcto.
If tho motor fails to start aftor tho rhecostat arm has passod two
or throo contact studs, do not move the handlc farthor, but
0F7N THE MAIN SWITCH OR CIRCUIT BREAKER, and bring thce handle back
to tho starting voint, NEVER STOP THE fioTor BY PULLING BACK THE
CTARTING HANDLE, Always opon the main-line switch.

= O
L]

I._l
L]
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precoubions: (con't)

Tho handle of the starting box must nover be movod too rapidly.
To do so dofoats The purposc of the starting-boxs Tho motor must
not Do allowod to run for any longth of time with tho starting
rogsistance wholly or partly in tho eircuit, To do so is apt to
ovorhoat the rosistanco colls.
gucstlona: .
ls lWhy docs a motor havce to haveo a fiold and an armaturo circuit?
Hie !h“ ls it so ossontial to havo fiold leoads mochanically and
cluctrioally zood?
5e How is the holding coil conncctod in this circuit?
4. Doos this in any way affcct the fiold strongth of tho motor at
name plato vold &Pu9
5. How is the torquc devoloped in a motor?
6e If tho ficld was woakonod how would the samc amount or moroc
torquc be dovalopod?
Ve Comparcu tho valuos of armaturc curront whon various rosistances
aro in the Tficld ecircuilt for samc brake arm roading.
8. Lxplain tho findings from the provious quesation,
9. Dofine torquo.
10, Iow img torque produced olectrically?
1l., How did woakonln~ tho fiold affcet tho spood?
12. Bxplain the roason for this,
13+ Vihy did tho ammctor go so high on tho first contacts and thon
gradually drop back?
14, "That two factors limit tho curront in starting a motor?
15. VVhich ono inecroasos and which docroascs as tho mobor is startod?
Zxplain,
Ge If the motor ficld bocamo too woak what would happon?
T« If tho mobtor has load on it would this incroase in spood
always take placo? Ixplain.
12+ Tould the overload protection provided protoct the loaded motor
against a woak ficld?
10+ VVhy do all manufacturors of throo-point starting boxes dosirc to
have complcto information regarding tho motor you proposc to
oporato with tho box?
zUe “hat will the holding coil rosistanco do to tho operation of the
motor?
21l. Ropoat the above proccdurc using tho four-point box. Uso tho
samo lino voltagoe in both casos,

dritton roport guostions:

1, llake a diagram of your hook-ups for this job. ;Fu LOAD I
2o 111 in the following tablo for both tests. +WITH
SCALI : Wi AK
. -HO LOAD RPN NO LOAD I:VOLTS:FU LOAD I:FU LOAD RPM:READ :FPITLD
:é__‘_k"l.: e . . ; ; :. :
2 o6, : : : : : :
5. That conclusions have you as GO © and 4 point starking DOX
oporation?

Roforoncos: Eloetric lMotors and Control - Fox
Eloctric Circuits and Machinery - Morccroft and Hehro
Blectrical Machinory - Croft
Croft's Handbook
Catalog and Bulleotins
_ LEloctrical Machinory - Annott
6/14/35
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Ay LOTO0L EIDCTRIC DEPARTMENT
Duo 4=1le2 D.C. MACHINERY
D.C. Motors & Control
Apparatus

Connect and operate a 2 ¥,'is 115 V. GeEs Company generator
s & shunt mobtor: (1) using Cutler-harmer multiple switch starter
a) using Testinghouse Type I regulating rheostat

Jaterlals, tools, equipment:
Hand tools, ammeter, voltmeter, speed indicator, rheostats, mobor,
lead wire, prony brake, scale, test set,

Genocrnl instructions:
This Job should inerease the students knowledge of mobtor starting
and regulating apparatus. . Ule learn when we think -~ doing without
thinking is wasted time and effort. . liake these jobs moan something
to you.

Operating stoeps: Part I.
I l, Test and diagram the multiple switch startor,
V 2e Hotec its construction details and mothod of operation.
Je liale a dilagram showing connections to tho motors
‘ 4, Connecct the starter to the mobtor, putting the ammebter in tho line
| to tho nmotor.
h HOTZ: With this type of starter a maice=line switeh or elrcuit
broaker is not necessary. . Fuses only noed be provided, .
5. Cheek the direcction of rotation of tho motor.
» Put on the brakec and level the arm on the platform scalo,
. T“ith the brake drum loose start up the motor and notdé the
\ armetoer deoflections.
e Tighten the drum wntil the machinc is taking ono-half of
| full load curront.
. Adjust voltapge to namo plato valug at the motor.
« Balanco tho secale and rcad the bcam.
« Shut tho machine down without loosening the brako drum.
. Start the machine undor load and compare the starting curront at
cach step with thoso for no load.
153. Chock the timo intervals in both casos that i1s the time betwoen
closing tho ono contact and the noxt.
0TI+  Hold ono arm down as long as the curront is decrcasing =
thon eloso tho noxt: chock the timoe interval.

PART FT

14, Hopuat steps k,2,3 and 4 using tho Westinghouso Typo I starvor,
In stop 4 put an additional ammotor (34) in tho ficld circui: use
o short circuiting switch with this motor,

1€, Cheek rotation of tho motor. It should bc right for your

ronybrake sctting.

13, Start tho motor noting the deflection of tho ammotcr betweon

stopse. Cheeck timc,.
17. fecord tho dofloctions and tho time the spoed 1s incroasing
botwoon contacts. At tho samo time note tho ficld currcnt on

| cach stop and rccord your findings.

. 13, liovo tho handlecs ao that tho fiold rosistanco is introducced into
the cireuits. Tabulato your rosults, fiecld amps, armature amps
and spocd, - BE SURE YOU HAVE PROPLR VOLTAGE AT THE TERMINALS
OF THE 10TOR.
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19, Tighton tho drum until you havo onc half of tho name plate
arperes with starting box handle on normal running position.
Nocord scald buam woilghts.

2u. shut dovm the machine and start 1t up again undor thoso
load conditilons. Iotc rosults when 17 and 18 are ropcatod undor
load conditionss Koeup tho scalc boam balancods

21¢ okt o comploic vocord of all your findings.

ke selicpy  To be modo by studont,

Procatitions

DANGERYIY  Avoid all possibilitios of open Fiold eiprcuibsid
Tendle all apparatus intolligontly.

Use 304 fuscs for protoction on this jobs Choek diagrams and
cirenit conncetions carcfully.

Rucstions: PART I

Le Fov mony stops arc used in starting this motor with tho multiploe
switch startor?

2 Why ig it not nccossary to provide a main lino switch with this
atarter?

3¢ "Thy doos tho mobor tako morc starting curront whon the brake arm
is tightonod?

L. Vhy ig the tihao intorval grcator with thon without load?

¢ If tho holding coil did not trip whon it should, how could
wou rozulatc this?

¢. Doos tho holding coil on this startor have to be dosignod for
any anceial amount of current? Thy?

7. Supposo you dosired to change motors with this startor what
things must be considered?

s "That arc sonmc of tho advantages you can think of for this
cguipmont?

Y, vhat are somo of the factors against 167

10, Thy is a nmain lino switeh not nocossary with thoe multiplo
awitel: startor?

PART II

11, How docs this starting rhoostat diffcr from tho provious
ons in its control of tho motor?

12, How 18 the arm on tho controllcr hold in the various running
pogitionsa?

15 Why is it noccssary to koop tho samo scale roading whon moking
thoso tosts?

14, Plot a eurvoe showing the variations of the ficld and
armaturo eurronts with armaturc amps as the baso,

15. Plot 2 curve of armaturce curront and spocd on tho samo shoot,

1é.that do these graphs show?

. 17. Dous spood rogulation cost oxtra monoy? Why?

Vritten roport quostions:

Le llako a diagram of cach of thoso rhoostats.

S« Tabulatc tho datn of both tosts and turn in tho eurves callod

_ for in 14 and 15

fefurcneos:

le Tloctric liotors and Oontrol - Fox

as Sloetrie Circuits and Ifachinery < Moreccroft and Hohro

Je sloctrical loghinory - Croft

4, Croft's Handbook

5, Catalogs and Bullotins

€s Zloectrical Hochinory - Annott

luout 6/15/35
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THE WILLTAM HOOD DUNWOODY INDUSTRIAL INSTITUTE

DAY SCEOOL LLECTRIC DEPARTHENT
DES 4=1143 ' D,C. Machinery
D«Cs Motors & Control
Apparatus

joB: Connect and operate a 2 HyP, Peerless motor using a Cutler-
hammer speed regulating rheostat

Materials, tools, equipment:
Motor, hand tools, two ammeters, speed indicator, rheostat, Prony
brake, platform scale, voltmeter, test set, lead wire

General instructions:
Information on the effect of speed regulation devices on the
operation of motors is the chief objective in this job as well as
to increase the students knowledge of starting boxess

Operating steps:
l. Test and diagram this starting box
2e Note the construction details as well as the method of operating

ite

Draw a diagram showing this box connected to the motor.

Connect the starter to the motor. Use the circuit breaker as

a main line switch and use 30A fuses in the cabinet

Put on the brake loosely and check the direction of rotation,

on the motor armature.

8. Level the brake arm on the platform scales

7+ Uith the brake drum loose start up the mobtor and note the
armeter deflection, both armature and field.
NOTZ: Handle this starting box properly as it will are badly if
used as a switch,

> 0
- L]

i
.

Be Take the speed reading when voltage at the motor is at name plate

value.

¢, love the arm so that the speed is increaseds Make records of the

speed, armature current, and field current at each point on the
starting box above normal speed.

10, Tighten the drum until the motor is taking nearly full load
current, balance and read scale, and then shut it down.

11, Start up the motor with this load and note ammeter deflescticns.

12, Hepeat Step 9 under load conditions and record results of
armature curront, field current and speed. Keep scale and
balanced when making this test.

13, BRecude the voltage to 105 volts and repeat 12,

14, Raise the voltage to 120 volts and repeat 12

Sketches: To be made by student.

Frecautions:
Do not take chances on poor connections.
Protect your meters and testing apparatus as it is easily damaged
and ias expensives

CGuostions:
l. Can this box be used for lowering the speed below normal? Vhy?
2. What actually makes the speed of the motor increase?
5. Vlith'less field current why is there not less torque?
4, If the motor speed could not increase with wecakened field what
would happen?
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Go 111 over-load protoction save a motor under these conditions?
6. How does low line voltage affect the current a motor requires?
7. How doeos this affect tho speed of the mobor?
o If this motor was driving a production machine in a factory, by
what percentage would production be roduced by this change of
10 volts below normal?
9. How much was the armature current changed?
10. How does over voltage affect the speed and the armature current?
11l. If the voltage was high what part of the motor would likely
to be ovorheated?
12. Yhat part of the machine would burn out first due to low
voltagze? hy?
13, How l1a the holding coil on this box protected against too
weall field current when the moitor is run above normal speed?

Fritten report questions;
l. Make a disgram of this set-up.
2« Plot a sot of curves of armature current and field curront
at normal voltage, armature amps as hase,
3. On this samo shoet show specd and armature curront.
4, Show how spoed and field current vary.

Reforences:
le Bloctric motors and control - Fox
2o Blectric circults and machinery - Morecroft and Hehre
3. Electriecal lMachinery - Croft
¢, Crof't's Ilandbook
5. Catalogs and Bullotins
Ge Bleoctrical lMachinery -~ Annett

6/15/35
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THE WILLTAM HOOD DUNWCODY INDUSTRIAL INSTITUTE

DAY SCHOOL GENERAL SHOPS DEPT,
DES 4-11.4 D.C. MACHINERY
D.Cs MOTORS & 0O NTROL
Apparatus

JoBy OConnect and operate a 3 H.Ps G.E. Company motor using a G.E.
manually operated speed regulating starter.
Materials, tools, equlipment:
Hand tools, ammeter, speed indicator, rheostat, Prony brake, plat-
form socale, voltmeter test set, lead wire, load bank, field rheostats
gencral instructions:
Additional information on the effect of speed regulating devices
on the operation of motors is the chief objective of this Jjob as
well as to increase the students knowledge of starting bbxes.

operating steps:

1, Test and diagram this starting box.

2. Note the construction details as well as the method of operating
it ‘

3. Draw a dilagram showlng this box connected to the motors

4, Connect the starter to the motor., Use the circult breaker as
a main line switch and use 30A fuses in the cabinet,.

5, Put on the brake loosely and check the direction of rotation of
the motor armature.

6. Level the brake arm on the platform scale,

7« With the brake drum loose start up the motor and note the
ammeter deflection both armature and ficld.

3., Take the speed reading when voltage at the motor is at name
plate value.

O« Move the arm to the flrst notch and take the speed of the molor
and volts across the armature and regulating resistance separately.

10, Repeat (9) for each contact tabulating the data,

11, Tighten the drum until the motor is taking about two thirds full
load current, Adjust the voltage until you have name plate value
at the motor,

12, Shut down the motor and repeat (9).

15. Repeat the test at 1/2 and fuwll load,

14, Repeat 12 at 10% over voltage.

15, Repeat 12 at 10% under voltages so it will not rotato

16. Tighten drum securely to pulley/and take scale arm readings as the
armature current 1s varied in 2 ampere steps  -from O to 20 amperes.
Tabulate your results,

17+ Place a 16A current through the armature and vary the field curren
in 12 steps by the use of field rheostgts, from O to full value,

Sketches:s To be made by the student.

Procautionss
Do not take chances on poor connections.
Protect your meters and testing apparatus as 1t is easily damaged

. and is expensive,

Questionss

ls Can this box be used for raising the speed above normal? Why?

“e What does the starting box actually do to decrease the speed
of the motor?

d¢ With less armature ocurrent is there less torqus?

4., At normal line volbtage and this box could you overheat this
armature with too much load?

9« Is overload protection needed for a mobtor with this type of
speed regulating device?

11/5/33
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6. What does over voltage do to the spoed?

7. 'Tould a varying sourco of voltage change the spocd of motors
connocted to suchx a source?

8« How is tho nolding coil connected on this box?

9. '"Thet moans is used to hold the rheostat arm on the various
positions for running?

10, Doos this box provide for no voltage reclease? Explain,

11. Does tho volt drop across the armature added to the volt drop
across the rheostat oqual the lino voltage?

12. F7ith armaturo roadings as horizontal values plot curve showing
how torquo changos (Scale readings vertical) Shunt ficld
constant. !

13, "lith field roadings as horizontal values plot another curve
showing how torguec changes. (Scale roadings vertical)
Armature curront constant.

14. Undor normal oporating cgonditions with a shunt motor how is
variablo torquo producod %o moet a changing load condition?

Written report quostions:
l. liake a diagram of this job.
2. ‘'hat 1s tho relation of speed to volts across the armaburog
3. Uxplain why thorc is no change in field current with this type
of spoed rogulation.
4, Turn in the graphs showing how torque varies with armature current
whon voltagoe is normal and also above and bolow normal.

Ref'orcnees: Blectric motors and Control - I'oXe.
BElo etric Circuits and Machinory - Morecroft and Hohro
Bloectrical liachinery = Croft
Croft's Handbook
Catalogs and Bulletins
Zlectrical Machinery - Annett

6/15/55
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TGO ELLCTRIC DEPARTMENT

D_'.‘:.- LC: \ {
D.C. Motors & Control
Apparatus

JoB: Connect and oporato a 2 H.P. 115V Roth sories motor using
Unior LZlactric Controllor

Materials, tools, equipment:
liotor, controller, tost sct, PFrony brake, scalc, ammeter, voltmeter,
lcads, speod indicator,

Goneral instructions:
Sorieoa motors unless goarcd or diroct connectod to thoir loads aro
oxtromely dangerous. Illotors of this type over two horsepower will
wroelk thomsolvos through excossive speed.

gporating stops:

l. Tost and mark motor lcads.

2. Test and mark controller and resistanco leads.

3. Follow the drawing and connect the motor for oporation with
anmobor in tho circuit. Use tho circult broaker for a line
switch,

4, Chock for corroct diroction of rotation, Clockwise rotation
of armaturc from the commutator ond should bo forward.

S, Attach the prony brake arm (drum loose) and sct up your secalo
so the brake arm is horizontal.

6. With bralkoc drum looso check spccd and curront on cach stop.
Choeclt voltage at tho motor.

7« Apply the load, tighten brako drum, in ton steps . about 1% amps,
por stop and take tho curront and spood at cach stepe. Tabulato
your rcsults.

8. Change the Prony brake and repeat stop 7, running tho motor in
tho rovorsc dirocection. Make suro your lince voltagoe doos not
change norc than a volt or two,

Ye Socurc an oxtra copy of tho stoncilled diagram for this job.

10« Mark with (+) and (=) signs tho incoming line wires to the
hook-up and indicatc with arrows the dircction of the curront
through the circuits. 14 —> first stop, 2+, —— socond stop,
ote.

Usc dottod arrows or colored arrows for the reversc direction.,
DO 10T MNARK THE JOB SHIET.

Roecord all namo plate data on this controller and motor,
Tighton the brakc arm socurcly to the pulloy.

Takc a set of roadings of the current and brake arm prossures
for cach step on the controllor, Balanco tho scalo at ocach
current rocading.

Sletehos: foo attahcod shoet,

=t
i.._l'
.

e
YGRS

Procautions
Do not .throw the motor from forward inte reversc with tho ammoter
in tho circult. Do not allow tho motor to run at high spcad
longer than nocossary.
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qucstlons:

1

ol
2]
v e

De

4,
De

6o
Te

Be
e
104
1l.

0
12

e

&

14,
15,

‘hat type of circuit is maodo in this job?
Will this controllor work with a shunt or compound motor?

Oxplain what is nocossary 1f it is uscd with othor than a

" gorics motor.

How is tho rovorsal of the motor accomplishod?
Is this rosistanco and controllor madc for constant or starting
duty«

‘’hat typcs of jobs arc¢ best porformed by tho scrics motors?
pro any provisions mado to prevent or take carc of arecing
in this controller?
How does tho ecurrcont vary with the load on a sorics motor?

Toww doos tho spood vary with the load?
Docs the mobtor work cqgually well in both dircctions of rotation?
Wihy dous tho sorios motor spood raco with light loads?
How oo gorios motors connoctcd to loads in industrlal
cpplicationa?
rlot o curvo of load and spocd using thoe load (amporos) as the
h041vonual variable,

rlot tho torquec and amperos on the samo shoots.
ow doos tho torque vary with the armaturce curront in scerics
motory

Writton reyort guostions:

l.

LB
e

e

Turn in your copy of tho hook-up in this job with curront
diroctions indicatod.

Turn in thoe data and curves callod for.

Lzplain how torquo is dovolopcd in a scriocs motor.

Refuronces: Hleoetric llotors and control = Fox

Bloetric Circuits and Machinery - lorceroft & Hohro
Eloctrical llachinory - Croft

Croft't iHandbook

Tradoe Catalogs and Bullotins
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‘ THE WILLIAM HOOD DUNWOODY INDUSTRIAL INSTITUTE
| pAY SCHOOL ELECTRIC DEPARTMENT

DES 4-12.2 D.Cs Machinery
D.Cs Motors & Control
Apparatus

JoB: Connect and operate a 3 HiP: GiE; sories crane motor with
solenold brake and reveraing controller.
Materials, tools, equipmenty
Motor, solenold.brake, controller, resistance grid,hand tools,
ammeter, leads, Prony brake, speed indicator, romote controlled
line switch.
General instructions:
The deoing of this job should teach you how to connect electrical
erane and hoist equipment.
operating steps:
1. Refer to Job 10.4 for dlagram and circuits in t he controllera
Z2e ollow this diagram and connect the apparatus listed.
S¢ Connet the ammeter in the line circult to the motor.
4, Use the single pole circuit breaker in one side of your line.
be Close the breaker and turn the controller handle to tho first
notch in the holst position. If the motor starts proceed to the
next point, etc,
6. Note the ammeter deflectlion at each step.
7+ Check the lowost and highest spee¢d of the armature on hoisbting.
Also at intormediate pointass
8. lote the action of the solenoid brake, Just when does the brake
function?
0. Check the reverse direction or lowering and note the ecurrent
through the armaturo.

10« Check the speed on lowering all pointses NOTE:; The motor may not
start to rotate until tho second notch on the controller is
reaciheds This gives some little control when lowering the load.

11, What does the bralke dc when the speed gets rather high? MNote
the armature current at this time. Check thils on both holst
and lowerings,

12, Note¢ the heavy duty shaft and the taper ends, alsoc tho means of
fastening the brake pulley and the drive gear.

15. Note the construction of the motor frame and the housing.

14, Attach the brake arm and put load on the motor-holstings.

15, Hold the brake arm down and try in a lowering positi one

16, Connect the line starter switech in the cirecult and overload the

motor=holsting.
17, Allow the thsrmal element two or three minutes to cool before
resotting.
18, ®xplain how thils across-the~line starter switch operates.
19, Make a dlagranm of its 22, Doos this controllor provido
Z Trace the hoisting circuits cynamic brakin§?
21, Trace the lowering circuit. 23. ifark tho eircuit on 103 diagram
Skotchess Use the samo stencil as in DES 4-10.3 with bluc poneil,
Precautions:

Do not throw the controller handle from one direction to the other

without stopping at the "off" position until the motor stops,
Questionss

l. Is this motor reversible in the frame?

2% Can this motor be used out of docrs?

3¢ Why is the armature and commutabtor so much larger than for other

motors of the same ratingy
4, Why does tho motor run better hoisting than lowering?

[11/5/55



<19
DES 4-12.2 Pago 2 ELZCTRIC DEPARTMENT

quostion (con't)

5 How doos tho brake function?

6« Why does it 1limit tho spocd of tho armaturc? Why?

7e¢ Would it hold the load if tho powor failed? How?

: 8. What other typcs of brakes arc uscd for hoists?

9., Yould this apparatus bo satisfactory for an clovator? Why?

10. What doos clovator work require that this apparatus cannot do?
11l. Look up the VWard Loonard Control system for olovator work.

12. That is mcant by tho torm "micro-adjustment" drivo?

Writton renort quostions:
‘ le Turn in a diagram of your hook-up for this job using the
' "eross-tho-linc” starter switch.
2. Bxplain the oporation of a thormal rolay.
' 3. Explain tho action of the so-called solenoid brake.

Roforcneceos: Electric liotors and Control - Fox
Eloctric Cirecuits and Machincry - Morccroft and Hohro
Electrical Machinory - Croft
Trado Catalogs and Bulletins

6/15/35
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THZ WILLIAIT ITOOD DUNY/OODY INDUSTRIAL INSTITUTE
DAY SCHOOL ELECTRIC DEPARTMENT
\ IS 4=1243 D.C. Machinory
| DeCs Motors &
Control Equipment
 J0B: Conncet and opcrato 15+H.P. shunt motor with dynamic brako

caontrol
f Materials, tools, oguipmont:
I l'otor, controllor, hand tools, lcad wirc, ammotor O-conter scalo

‘. if possiblo.

gonoral inastructions:
iofor to Job 10,4 for diagram of this starter. Road tho roforoncos

| and analyzo what you arc doing.

! Operating stops:

- l. Tost and mark tho motor loads.

2. Follow the diagram and connoct tho controller to thc motor
without bralking.
3.Choecl: the spood of tho motor at cach notch on the controllor.

i At the same timo make a record of the armaturc curront for

‘ cach contact.

. 4, Brinﬁ tho motor up to full specd and quickly swing tho handle to
tho "off" position. Notc tho time tho armaturc and flywhool
coast.,

# Ropoat #4 in the rovorsc diroction.

Connoet the dynamic braking foaturc and repocat (4) and (5).

Connocet the ammoter in an armaturo load and note thoe curront

through armaturc on running and braking,

8s Chock tho stopping timo from full spcod down. k .

9, With the armaturc stoppod and the control handle in the "off”

| position test for magnetism in tho ficld.

ﬂ NOTE: Do this by carefully bringing the point of your scrow-

| driver ncar tho pole facos If tho fiocld is on the scrowdriver

' will be drawn to tho polo.

10. Start tho motor. Bring it to full speode. Trip tho broaker and
quickly bring tho controllor handlc to the off position and nctao

what happons.
skotchos: Gamo stonecil as DES 4-10.5 for this jobe.

Procautions:
Do not swing the controllor handlo past tho "off" position whon

motor 1ls running.
Do not advnaco controllor arm too fast as the flywhoel has a vory

high momontum, Watch flywhool for any signs of loosonoss or
unbalancinge.

Quostionss
le List all the purposoes this controller will accomplish in
operating a motor.,
2. That 1s dynamic braking?
5. How is it accomplishod in this job?
4, Why is tho armaturo so largc on this motor, its rating is only
on¢ and onc half horscpowor?

R
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gucetions (con't)

5, If tho powor would fail could this machinc be made to control
tho load? How?
6o Vould a motor used with dynamic broaking ovor bc to small to
hold any load it would start br hoist? Why?
7. What aro some advantagos of dynamic braking in industry?
8. That 1is rcgoncrative braking?
9. How is it accomplishod?
10, Where is it uscd most advantagecously in industry?
1le That is tho diffcrcncc botwoen dynamie and rogonarative braking?
12, 'That advantago doos rogoncrativo braking havo ovor dynamic
braking?
13+ Vhat is tho advantage of dynamic braking over mochanical braking?
14. "hat is tho purposo of the flywhocl on this motor shaft?
15, "That is tho maximum safo periphoral speed for cast iron flywhools?
16, How docs this comparc with safo armaturc poripheral spocds?
17. hat safoty protection docs this controllor give to tho
motor if any?

Wiritton roport questions:
le Draw a graph showing tho rclation of the armaturc curront and.
gpeod, armature curront as baso,
2. List tho advantagos and disadvantages of dynamic braking.

Roferencos: Eloctric Motors and control-Fox
Eloctrical Circuits and Machinory - Morceroft & Hohre
Eloctrical Machincry - Croft
Croft's Handbook
Trado Bullctins and Catalogs

8/15/35
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THE WILLI.M HOOD DUNWOODY INDUSTRI.L INSTITUTE

D.LY SCHOOL ELECTRIC DILP,RTMENT
DES 4=13.1 D.Cs M.CHINERY
DsC. liotors & Control
apparatus

JOB: Conncet and oporate & 1% HePe - GeE. motor with a 115 volt
Cutlor hammer push button startor
Matcerials, tools, cquipments
Motor, startor, hand tools, ammotoer, voltmetor, lecad wirec
Goneoral instructions:

sutomatic starting and control oquipment is intricato and exponsivo.

For theso rcasons it should bo handled with carc and judgomont.

Be suro to rcad tho manufacuror's bullotin? on this oquipmont if

thoro is ono.

Oporating stops:

l. Study the wiring of this apparatus.

2. Road tho description of the operation of this equipment soevoral
timos.

5« Opon or romove the front cover so you can sco the construction
of tho startor.

4, Inspoct the apparatus and test tho circuits with a tost sote.

5. Locato and idontify corrosponding points on tho diagram and in
the startor.

6. Whilc tosting with the test sct push the various contactors in
with the fingors and dotormine what they do in tho cireuit whon
thoy closc. Be carcful of the adjustmont while you arc doing
this!

7« Tost and mark tho motor loads.

8e Conncet the motor and the startor to tho lino. NOTE: Uso tho
singlo polo circult broakor as a main lino switch.

9« Push tho start button and noto tho action of tho startor,

10, Push tho stop button and sco how tho apparatus functions.

11, Chock the time betwoen closing of the starting contactors. NOTE:
Opcrate motors at ratod voltage for best rosults,

12. Push the start button boforoe tho armaturc has complotoly stopped
and noto the time botwoon closing of tho contactors.

13+ Check tho ammotor dofloctions as tho starter starts tho motor.

14, Trace (on your copy of this diagram) tho powor circuit in
heavy black linos and tho control circuit in light rod linos.
DO NOT M.RK THE JOB SHEET.

15. Rocord thc namo plate data of all oquipmont for this job.

16. How can tho timo of starting be adjusted to various loads the
motor might have to oporato?

Skotchos: Soo soparatoc sheot.

Procautions:
Do not attompt to altor or change this oquipmont in any way. If you
do not undorstand it consult tho instructor.

Quostions:
l, How many stops in tho starting resistance with this startor?
2, How and whon is tho shunt fiold circuit for tho motor madc?

3. How is tho startor button shunted whon the motor starts?

4, Is thore a control circuit and a powor circuit in this startor?
Tracc thom.

S5« What dotormincs or limits the time of starting tho motor with
this startor?

6« Coan tho timo of starting be controlled with this starter? How?

7« Is thore provision mado in this startor to protect tho motor
against over-loads?
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Be

e
10.
11,

16.
17.
18.

19.
20,

Explain how it works. Doos it opon the control circuit or tho
power circuit directly? Is it thormally or magnetically oporated?
Wvhat provisions arc madc to provont or take carc of arcing?

What doos a starter of this typo cost?

What advantagos doos automatic starting have over manual starting
of motors?

Would the sizo of tho motor have any boaring on tho sclecction

of the starting oquipment - i.0., manual or automatic?

1711l this startor roversc the dircction of rotation of tho motor

without changing tho conncctions?

Mark tho incoming linos to this startor with (+) and (-) signs,
on diagram,

Indicatc with arrows tho direction of currcnt in tho various
circuits: l, —> 2. —— first contact, socond contact,
respectively.

Trace and indicato tho control circuit for starting on diagram.
Trace and indicate the power circuit on tho starting position.
Tracce and indicate tho control circuit on cach suceocoding
position.

Tracc and indicato the powor circuit on each succoeding position.
Lotter your diagram with your own lottoring and writc a
doscription of tho oporation of this startor.

Writton roport work:

1.
2o

Turn in a markod drawing of the circuits in this startor,.

Writo completo doseription for ordoring this startor.

Rcforonces:; Electric Motors = Fox

Croft's Handbook

Principles and Proctice of Eloc. Enge = Gray
Eloctric Circuits and Machinory - Morecroft & Hchre
Trade bulletins

6/17/35
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THE WILLIAM HOOD DUNWOODY INDUSTRIAL INSTITUTE

DAY SCHOOL ELECTRIC DEPARTMENT
DES 4=-13,.2 D.C. MACHINERY
D.C. Motors & Control
Apparatus

JOB: Connect and operate a 2 H.Ps =~ G.E. C.R. 4012-Cl C.E.M.F,
starter with relay coils to a 2 H.P. motor

Materials, tools, equipment:
Motor, starter, handtools, ammeter, voltmeter, wire, Prony brake,
water pan.

General instructions:
Automatic starting and control equipment is intricate and expensive,
For these reasons it should be handled with care and judgement. Be
sure to read the manufacturers bulletin? on this equipment if there
is one,

Operating steps:

l., Study the wiring of this apparatus.

2. Read the description of the operation of this equipment several
times.

3« Open or remove the front cover so you can see the construction of
the starter. NOTE: Do not remove the apparatus from the case.

4, Inspect the apparatus and test the circuits with a test set. |

5., Locate and identify corresponding points on the diagram and in
the starter.

6. While testing with the test set push the various contactors in
with the fingers and determine what they do in the circuit when
they close. Be careful of the adjustment while you are doing this

7. Test and mark the motor leads.

8. Connect the motor and the starter to the line. NOTE: Use the
single pole circuit breaker as a main line switch.

9. Push the starter button and note the action of the starter.

10, Push the stop button and see how the apparatus functions.

11. Check the time between closing of the starting contactors.

NOTE: Operate motors at rated voltage for best results,

12, Put the brake on the pulley and adjust friction so that armatuie
is drawing full load current.

13, Stop the motor. Start it and note the change in deflection ol
ammeter and also time between closing of the second contact.

14, Trace (on your copy of this diagram) the power circuit in heavy
black lines and the control circuit in light red lines, Use
arrows, DO NOT MARK THE JOB SHEET.

15. Record the name plate data of all equipment for this job,

16, Change the weight setting on the pendulum arm and repeat 13.
CAUTION: Use care and do not operate with cover off.

Sketches: See tracing attached.
Precautions:

Do not attempt to alter or change this equipment in any way. If
you do not understant it consult the instructor.
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Questions:

le
Ce
5.
4.
S

G
T

B,
Qe
10,
11.
124
13.

14,
15.

16,

How many steps in the starting resistance with this starter?
How and when is the shunt field circuit for the motor made?

How is the start button shunted when the motor starts?

Is there a control circuit and a power circuit in this starter?
Trace them.

What dotermines or limits the time of starting the motor with
this starter?

Can the time of starting be controlled with this starter? How?
Is there provision made in this starter to protect the motor
against ovor loads?

Zxplain how it works. Does it open the control circuit or the
power circuit directly? Is it thermally or magnetically opcerated?
What provisions are made to prevent or take care of arcing?
What does a starter of this type cost?

What advantages does automatic starting have over manual starting
of motors?

Would the size of the motor have any bearing on the selection
of the starting equipment - i.e., manual or automatic.

Will this starter roverse the direction of rotation of the
motor without changing the conncctions?

Mark the incoming lines to this starter with (+) and (=) signs.
Indicate with arrows the directions of current in the various
circuits: l¢ ——— first contact, 2. —— soecond contact, otc.
Lottor your diagram with your own lettering and writec a
description of the operation of this starter.

iritten report work:

1.
2e

Turn in a marked drawing of the circuits in this starter.
Write complote description for ordering this starter.

Referonces: Electric lMotors - Fox

Croft's Handbook

Principlos and Practice of Elec. Eng. = Gray
Electric Circuits and Machinery -~ Morecroft & Hehre
Trade bullotins.

6/17/35
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THE WILLIAM HOOD DUNWOODY INDUSTRIAL INSTITUTE

DAY SCHOOL ELECTRIC DZEPARTMENT
DES 4-13.5 D.C. Machinery
D.C., Motors & Control
Apparatus

JOB: Connect and operate a 2 H.P. - G.E. motor with a 1% H.P.
CelNe 4-65 - A-8 push button controller

Materials, tools, equipmeont:

Motor, controller, hand tools, Prony brake, wire, ammcter, voltmeter

wator pan.

General instructions:

Automatlic starting and control equipment is intricate and expensive.

For these reasons it should be handled with care and judgement.

Be sure to read tho manufacturers bulleting on this equipment if

there is one.

Operating steps:

1, Study the wiring of this apparatus.

2., Read the doscription of the operation of this oquipment several
times.

3. Open or rcmove the front cover so you can see the construction
of the starter,

NOTE: Do not romove the apparatus from the case,.

4, Inspect the apparatus and test tho circuits with a test sct.

5. Locate and identify corresponding points on the diagram and
in the startor.

6. While testing with the test set push the various contactors in
with the fingers and determine what they do in the circuit when
they close, Be careful of the adjustment while you are doing this

7.Test and mark the motor leads.

8. Connect the motor and the starter to the line, NOTE: Use the
single polo circuit broeoaker as a main line switch.

9. Push tho start button and note the action of the starter.

10, Push the stop button and seec how the apparatus functions.
11, Check the time between closing of the starting contactors.
NOTE: Operate motors at rated voltage for best results.
« Put the brake on the pulley and adjust friction so that armature
is drawing full load current.
13, Stop tho motor. Start it and note the change in defloection of
ammeter and also time botween closing of the second contact.
14. Trace (on your copy of this diagram) the power circuit in heavy
black lines and the control circuit in light red lines. DO NOT
MARK THE JOB SHEET.
15, Tighten drum until motor is drawing 20 ampores and chock the
time bofore thermal clement opens the circuit?
NOTZ: Wait three minutes before resetting the thermal device.
This allows it time to cool.
Skotchos: Sce attached sheet.
Precautions:
Do not attempt to alter or change this equipmont in any way. If
you do not understand it consult the instructor.
Questions:

l. How many steps in tho starting resistance with this starter?

2. How and when is tho shunt field circuit for tho motor made?

3. How is the start button shunted when the motor starts?

4, Is there a control circuit and a power circuit in this starter?
Trace them.

5. What detorminos or limits tho time of starting tho motor with
this starter?

h

o



DES 4-13.3 Page 2 ELECTRIC DEPARTMENT

e
s

B4
9
10,
11.
12,
13.

14,
15,

16,

Can the time of starting be controlled with this starter? Why?
Is there provision made in this starter to protect the motor
against over loads?

Explain how it works. Does it open the control circuit or the
power cireuit directly? 1Is it thermally or magnetically operated’
What provisions are made %o prevent or take care of arcing?

What does a starter of this type cost?

What advantages does automatlc starting have over manual starting
of motors?

Would the size of the motor have any bearing on the selection of
the starting equipment - 1.,e. manual or automatioc?

Will this starter reverse the direction of rotation of the motor
without changing the connections?

Mark the incoming lines to this starter with (4+) and (=) signs.
Indicate with arrows the direction of current in the various
circuits 1. first contact, 2. second contact, etc,
Lettor your dlagram with your own lettering and write a
desoription of the operation of this starter.

Written report work:
l, Turn in a marked drawing of the circults in this starter,

2

Write complete description for ordering this starter.

References: Blectric Motors - Fox

Croft's Handbook

Principles and Practice of Elec. Eng. - Gray
Electric Cirecuits and Machinery = Morecroft and Hehre
Trade Bulletins.

11/6/33.
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THE WILLIAM HOOD DUNWOODY INDUSTRIAL INSTITUTE
DAY SCHOOL ELECTRIC DEPARTMENT
DES 4=13,4 D.C. Machinory

JOB: Conncct and oporatec a 3 H,P4 - G.E. motor with C,E.M.F.
startor ocquipped with thermal protoction and push-button
starting.

Mateorials, tools, equipment:
liotor, starter, ammoter, voltmetor, test sct, wirc, Prony brake,
hand %tools, wator pan.

Genoral instructions:
Automatic starting and control equipment is intricate and exponsive.
For theso rcasons it should be handled with carc and Judgomont. Bo
surc to road tho manufacturors bullctins on this cquipmont if thoro
is onc.

Oporating stops:

l. Study the wiring of this apparatus.

2. Road tho doseription of the operation of this equipmont scvoral
times.

3s Opon or rcmove tho front cover so you can sec tho construction
of the startor. NOTE: Do not remove tho apparatus from the caso.

4, Inspecct the apparatus and tost tho circuits with a tost set.

5. Locate and idontify corresponding points on tho diagram and in
the startor,

6, Whilo testing with tho tost sot push tho various contactors in
with the fingors and dotorminc what thoy do in the circuit when
they close. Be carcful of the adjustment while you are doing
this.

7. Tost and mark tho motor loads,

8. Connoct the motor and thoe starter to the line. NOTE: Uso tho
singlo polo circuit broaker as a main linoe switche.

9, Push the start button and noto tho action of tho startor.

10, Push the stop button and sco how the apparatus functions.
11l. Cheeck tho time botweon closing of the starting contactors.
NOTE: Oporatc motors at rated voltage for best rosults,
12. Put tho brakec on the pulley and adjust friction so that armature
is drawing full load curront.
13, Stop the motor, Start it and noto the change in doflection of
ammetor and also timo botwoen closing of tho socond contact.
14, Traco (on your copy of this diagram) tho powor circuit in hoavy
black lines and tho control circuit in light rod linos.
DO NOT MARK THZJOB SHELT.
15, Rocord tho namo plate data of all cquipmont for this jobe

Skotchos: Seo attachod shoot.

Procautions:
Do not attompt to altor or change this oquipmont in any way. If
you do not understand it consult the instructor,

Questions:
l. Eow many stops in tho starting rosistance with this startor?
2. How and whon 1s the shunt fiocld circuit for tho motor mado?
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Se

Be
7

13.

14,
15,

16.

How 1s the start button shuntod whon tho motor starts?

Is thorc a control circult and a power circuit in this startor?
Traco thom.

Wthat detormincs or limits the timoe of starting tho motor with
this startor?

Can tho timo of starting be controllod with this startor? How?
Is thoro provision made in this startor to protcct the motor
against over-loads?

Explain how it works. Doos it opon tho control circuit or the
powcr circuit diroctly? Is it thormally or magnotically oporatod?
""hat provisions aro made to provont or takec caro of arcing?
WWhat doos a startor of this typo cost?

That advantages docs aubtomatic starting have over manual
;starting of motors?

Would thoe sizc of tho motor have any boaring of the soloction of
tho starting oquipment, i.o., manual or automatic?

Will this starter roversc tho diroction of rotation of tho
motor without changing tho connoctions?

Mark tho incoming lincs to this startor with (+) and (=) signs.
Indicate with arrows tho dircection of currcent in tho wvarious
circuits (1) —— first contact, (2) ——> socond contact.
Lotter your diagram with your own lottoring and write a
description of tho oporation of this starter.

Writton report quostions:

l.
2

Turn in a markod drawing of tho circuits in this startor.
Writc a complete description for ordoring this starter.

Reforonces: Elocectric Motors ~ Fox

Croft's Handbook

Principles and Practico of Eloc. BEng. = Gray
Eloctric Circuits and Machinery - Morecroft and Hohro
Trado Bullotins

6/17/35
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THE WILLIAIL HOOD DUNWOODY INDUSTRIAL INSTITUTE
DAY SCHOQL ELECTRIC DEPARTMENT
DES 4-13.5 D.C, Machinory

JOB: Connoct and opaoratc a 3 H.Pe motor to a Sundh push-button
startor.

Matorials, tools, oquipmont:
Motor, startor, ammotor, voltmeter, tost sct, wire, Prony brako,
hand tools, wator pan

General instructions:
Automatic starting and control cquipment is intricatc and cxponsivo.
For theso rcasons it should be handled with caro and judgoement. Bo
surc to road tho manufacturcrs bulletins on this cquipmont i thore
is onc,

Oporating stops:

l., Study tho wiring of this apparatus.

2. Road tho doscription of tho oporation of this oquipmont scovoral
timos.,

3, Opon or romove tho front cover so you can sco tho construction
of tho startor. NOTE: Do not romove the apparatus from thoe caso.

4, Inspoct tho apparatus and tost the circuits with a tost sct,

5, Locatc and idoentify corrcesponding points on tho diagram and in
the startor,

6. Whilo tosting with tho test sot push the various contactors
in with the fingors and detcermine what thoy do in tho circuit
whon thoy closos Bo caroful of the adjustmont while you aro
doing this!

7. Tost and mark tho motor loads,

8« Connoct the motor and tho startor to tho linc. NOTE: Uso tho
singlo polec circuilt breaker as a main lino switch.

9. Push the start button and notc tho action of tho startor.

10, Push tho stop button and sce how the apparatus functions.

11l. Choeck the time betwoen closing of the starting contactors,
NOTZ: Oporato motors at ratod voltago for bost rosults.

12, Put tho brakc arm on the pulleoy and adjust until tho motor is
drawing about 20 ampercs,

13, Stop thc motor. Start it up and noto chango in the doefloction
of the ammoter as tho motor starts.

14, Cheek the timo of starting both with load and without load,

15, Trace (on your copy of this diagram) the power circuit in hoavy
black and the control eircuit in light red lines. DO NOT MARK
THE JOB SHEZT.

16, Rocord the namo platc data of all oquipmont for this job.

Sketchos: Sco tracing attachod.
Procautions:

Do not attompt to alter or change this oquipment in any way. If
you do not undorstand it consult tho instructor.
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Quostions:

le
24
O
4,
Se

6.
Te

8.
9.
10.
11,
12,
13,

14,
15.

16.

How many stops in the starting rosistancc with this startor?

How and whon is tho shunt field circuit for the motor mado?

How is tho start button shuntod whon the motor starts?

Is therc a control circuit and a powor circuit in this startor?
Traco thom.

What dotormines or limits the timo of starting the motor with
this startor?

Can the timo of starting be controlled with this startort How?
Is there provision made in this starter to protoct tho motor
against ovor loads?

Explain how it works. Doos it opon the control circuit or the
power circuit dircctily? Is it thormally or magnotically - _
operated?

What provisions arec mado to provent or take caroc of arcing?

What doos a startor of this type cost?

What advantages docs automatic starting havo over manual starting
of motors?

Would the size of the motor have any bearing on tho scloction

of the starting ogquipmont - i.e., manual or automatic?

Will this startoer rovorse the diroction of rotation of the motor
without changing tho connoctions?

Mark tho incoming linos to this startor with (+) and (=) signs.
Indicate with arrows the dircction of currcnt in the wvarious
circuits: 1, ———> first contact, 2. — > socond contact, otfc.
Lettor your diagram with your own lettering and write a
dogcription of thc oporation of this starter.

Wiritton roport questions:

le
Lo

Turn in a diagram marked as indicatod in quostion #15.
Trito tho spocifications for ordering this oquipment.

Reforoncos: Elcctric Motors - Fox

Croft's Handbook

Principlos and Practicc of Eloc. Eng, = Gray
Eloctric Circuits and Machinery - Morcecroft & Hohro
Trode bullectins,
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THE WILLIAM HOOD DUNWOODY INDUSTRIAL INSTITUTE
DAY SCHOOL ELECTRIC DEPARTMENT
DES 4-13.6 D,Cs Machinery

JOB: Connect and operate a 3 H,Ps. motor with a Westinghouse time-limit
push-button starter.

Materials, tools, equipment:
Motor, starter, ammeter, voltmeter, test set, wire, Prony brake
hand tools, water pan.

General instructions:

Automatic starting and control equipment is intricate and expensive.

For these reasons it should be handled with care and judgement. Be

sure to read the manufacturers bulletins on this equipment if there

is one,.
Operating steps:

l. Study the wiring of thls apparatus.

2. Read the description of the operation of this equipment several
times.

3. Open or remove the front cover so you can see the construction
of the starter. NOTE: Do not remove the apparatus from the case,

4, Inspect the apparatus and test the circuits with a test set.

5. Locate and identify corresponding points on the diagram and in
the starter.

6. While testing with the test set push the varous contactors in
with the fingers and determine what they do in the circuit when
they close. Be careful of the adjustment while you are doing
this.

7. Test and mark the motor leads.

8s Connect the motor and the starter to the line. NOTE: Use the
single pole circuit breaker as a main line switch.

9+ Push the start button and note the action of the starter.

10, Push the stop button and see how the apparatus functions,.
1l. Check the time between closing of the starting contactorse.
NOTE: Operate motors at rated voltage for best results.
12, Put the brake on the pulley and adjust the friction until the
motor armature draws 20 amperes,
13. Stop the motor, Start it up and note change in deflection of ths
ammeter and also time between o0losing of ocontacts.
14, Trace (on your copy of this diagram) the power circuit in heavy
black lines and the control cirecuit in light red lines. DO NOT
MARK THE JOB SHEET.
15, Record the name plate data of all equipment for this job.
16, Change the welight setting on the pendulum arm and repeat 13,
CAUTION: ©Use care and do not operate with the cover off,
Sketches: See tracing.,
Precautionss
Do not attempt to alter or change this equipment in any way. If you
do not understand it consult the instructor.
Questionss

1. How many steps in the starting resistance with this starter?

2+ How and when 1s the shunt fleld circuit for the motor made?

5. How is the start button shunted when the motor starts?

4., Is there a control circult and a power circuit in this starter?
Trace them.

5, What determines or limits the time of starting the motor with
this starter?

11 /8 74%%
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Ge
7

8.
s
10,
11,
12.
13.

14,
15.

16.

Can the time of starting be controlled with this startor? How?

Is thore provision made in this startor to protecct the motor
against ovor loads?

Explain how it works. Does it opon tho control circuit or tho
powor circuit dircctly? Is it thormally or magnotically oporated?
Vhat provisions arc mado to provont or take carc of arcing?

Yhat doos a starter of this typo cost?

What advantages docs automatic starting have over manual starting
of motors?

Ylould the size of thoe motor have any bearing on tho solection of
the starting oquipmont - i.o., manual or automatic?

Will this starter rovorsc tho dircction of rotation of the motor
without changing tho conncctions?

lark tho incoming linos to this startor with (+) and (-) signs.
Indicate with arrows the dircction of currcnt in the various
circuits; 1, ——— first contact, 2. ——> socond contact, otc.
Lettor your diagram with your own lettoring and writec a dosc=-
ription of the operation of this startor.

Wiritton roport quostions:

1.
2

Turn in a diagram as called for in quostion #15.
Ordor this piocco of oquipmont.

Rofeoroncos: Eloctric Motors - Fox

Croft's Handbook

Principles and practicc of Eloces Engs - Gray
Eloctric Circuits and Machinory @ Morccroft & Hohre
Trade bullotins

6/17/35
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THE WILLIAM HOOD DUNWOODY INDUSTRIAL INSTITUTE
DAY SCHOOL ELECTRIC DIPARTMENT
DES 4-13.7 D,C. Machinory

JOB: Conncct and oporate a 2 HeP. 115 V., motor with a Cutler-Hammor
CeLE.ll,F. spood rogulating, push-~button startor.

Materials, tools, cquipment:
Startor, motor, wire, brake arm, ammotor, voltmetor apood
indicator, hand tools, water pan.

Goneral instructions:
Automatic starting and control oquipmont is intricate and oxponsivce.
For thosc roasons it should bo handlod with carc and judgcmont,
Be surc to road the manufacturers bullotins on this oquipment if
thoro is ono,

Opcrating stops:

l. Study the wiring of this apparatus.

2., Road tho doseription of tho oporation of this oquipmont
sovoral times.

5. Opon or rcomove the front cover so yo1 can sco tho construction
of thc startor.

4, Inspeoct the apparatus and tost tho circuits wibh a tost sot.

5. Locate the identify corrosponding points on the diagram and
in the startor.

6., Whilo testing with the tost set push the various contactors in
with the fingers and detormine what thoy do in tho circuit whon
thoy closo. Bo carcful of the adjustmont whilc you are doing
this!

7. Test and mark tho motor lecads.

8. Connoct the motor and the startor to the lino, NOTE; Usc tho
singlo polc circuit broakor as a main lino switch.

9, Push tho start button and noto the action of the startor,

10, Push thc stop button and scce how the apparatus functions.

11, Chock the timc botweoon closing of thoe starting contactors.
NOTE: Opceratc tho motors at rated voltage for bost rosults.

12, Put tho brakc on tho pulley and adjust the load on tho
armaturc to 15 amporos.

13. Stop tho motor., Start it up and noto tho (1) curront through
tho armaturo (2) timo of closing of tho contacts (3) spood of
motor (4) voltage across tho armaturc.

14, Sot tho controlleor arm so that tho motor is rumning bolow normal
spood and repocat 13.

15. Chango position of th¢ arm and ropoat.

16, Sot tho arm so that tho motor is above normal speod and repoat
14 making a rocord of tho rosults.

17« Ropoat 17 on two difforont sottings of tho arms Rocord rosults
cach timo,

Skotchos: sco tracing.
Procautions:

Do not attompt to altoer or chango this cquipmemt in any way. If
you do not undorstand it consult tho instructor.
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Quostions:

11,
12,
13,

14,
15,

16,
17.

How many stops in the starting rosistance with this startor?
How and whon is tho shunt ficld circuit for tho motor mado?

How is the starter button shunted whon the motor starts?

Is thoerce a control eircuit and a power circuit in this startor?
Tracc theom.

What doterminos or limits tho timo of starting tho motor with
this startor?

Can tho timec of starting bo controlled with this starter? How?
Is there provision made in this starter to protoct the motor
against over loads?

Dxplain how it works. Doos it open tho control circuit or the
power circuit dircctly? Is it thermally or magnotically opcratoed?
What provisions arc made to provont or take carc of arcing?

What dous a startor of this type cost?

What advantages does automatic starting have over manual starting
of motors?

flould the sizo of tho motor have any bocaring on tho scloction

of tho starting oquipmont - i.c,, manual or automatic?

Will this startor roverso the dirocction of rotation of the motor
without changing tho conncctions?

Mark the incoming linos to this startor with (+) and (-) signs.
Indicate with arrows the diroction of curront in thce various
circuits: 1. ——— first contact, 2. ——> socond contact, ote.
Lotteor your diagram with your own lottoring and writec a
doscription of the oporation of this startor.

How doos this startor start a motor whon tho spoed is abovo
normal? Ixplain tho advantagos of this mothod of starting a
motor,

Uritten report questions:

1.
2

Turn in a diagram as callcd for in quostion 15.
Ordor this picco of aguipmont.

Roforoncos: Eloctric Motors - Fox

Croft's Handbook

Principlos and Practico of Elcc. Eng. - Gray
Elcctric Circuits and Machinory - Morceroft & Hohro
Tradc bullotins.

6/17/35
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THE WILLIAM HOCD DUNWOODY INDUSTRIAL INSTITUTE

DAY SCEQOL ELECTRICAL DEPARTMENT
DES 4-14,1 D-c. Machinery
D-c. Motora and Control
Apparatus

JOB: Connegt and Cperate a 2 HP 115 V. Westinghouse Starting and
Reversing Controller with a 2 HP Compound Motor.

Materials, Tools s#nd Equipment:
Hand tools, wire test set, starter, motor ammeter, voltmeter,
Prony brake field rheostat.

General Instructions:
Automotic starting end reversing controllers are common in some
machine tool operations. The diasgrams with this job are copied
without change from the diagrams furnished by the manufacturer
of this equipment. Study them until you have a definite idea of
the parts that apply perticularly to this piece of equipment.

Operating Sieps:

1. Ckeck the diagram carefully.

2. Rgmove the cover from the controller box.

3. Locate the various connection points on both the diagram and
the apparatus.

4. Trace the wiring connections from the apparatus to the terminal
board.

5. With chalk or paper slips wrk the various connections on the
terminal board. Leave no permanent merks on the terminal strin.

6. I'ake the necessary connections from motof to terminal Strip.

7. Test the operation., CAUTION: (1) Make sure you can instantly
disconnect motor in case ofweak field. (2) Do not push reverse
button until motor has come to rest.

8. Fut Prony brake on pulley, ammeter in armature circuit and
fasten brake arm to frame 8o that it will not strike anyone
when motor is reversed. -

9. Tighten arm until motor is taking about half load and test
starter both forwerd and reverse operation. Check voltage
across field and armature for both directions of rotation.

10, Put a field rheostat in the field circuit so that the motor
speed may be increased above normal.

11. Repecat stcp 9 and not¢ what happens to the field relay. Also
armature current!

12. Make an assembled drswing similar to those issued to you for
previous jobs.

13. Indicate with arrows and numbcrs the current directions in all
parts of the circuit diagram for cach step of operation.

14, Return all apporatus to its proper location.

15. Make 1ist of all symbols with their meanings which are used
in this diasgram.

Sketches:
One supplied on additional sheets. One to be madc by student.

Preccautions:
Do not attempt to adjust these relays. Do not push the contmctors
in by hand when power is on. Inspeet but do not handle the
wiring on the panel.

(over)
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Questions:

1e

2,
Se

4,

19.

What is the cost of a control panel and cabinet similar to
this one?

Why arc thesce so e:pensive?

Which is rovorsed when the rotation of the armature is changed
the field or thc armaturec currcnt?

What operation docs a two button station give? a three button?
a four button?

What is the inch button used for?

Is this a c«e.msf. starter?

What 1is an elementary diagram?

What docs the fleld relay do when starting or running a motor
with toc much overloed?

Howdoes this thermal overloac rclay opcrate?

Does this starter have dynamic braking?

Trace the circuit with a third color pencil,

Whet is a jumper?

How many symbols used are standard?

How many are special with Westinghouse Co.?

Could this starter be used with a shunt motor?

What would have to be increased in number on this controller
if it werc used with a twenty-five horsepower motor?

What machines driven by electricsl motors would this starter
handle satisfactorily?

Is there any means provided on this starter for compensating
the thermal element for extremes in temperature, i.e., very
hot locations and extremely cold locations?

How could this be done?

References:
Croft's Handbook
Motor Controls by Fox
Trade Catelogues and Bulletins

7/16/37 D
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WESTINGHOUSE ELECITIC AND
Controller Wiring Diagrem
Typc "C" D.C. Controller
DWG. No. 467026

Control Panel

Sub. No.

(Rear View)

ELECTRICAL DEPARTMENT
D-c, Machinery

MANUFACTURING CO,, E. Pittsburgh, Pa. USA
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Table 1l.--RAW DATA:

EXPERIMENTAL GROUP

| —— — —
' ' Months ' Previcus ' T, K, Test :
Neme ' A8% 101 "4 v Tachool ' scores 52 Qs ' Bhop
¢ menths 'D.I.T. ! Sara P i 1 Grade
1 S e S » begin :complete 1
1
C.A., 298 12 12 7 30 86,0
HB., 237 14 12 13 35 83 .8
IO ' 28} 7 12 8 30 75.9
JD. B2 11 12 8 37 76,0
G.P, 241 11 12 4 35 T2
E.P. 221 11 12 4 30 72.0
J.H., 291 113 13 5 34 75.3
HM, 227 9 12 2 29 78,2
GM, 232 12 12 5 25 73,8
PP, 253 11 12 7 39 88.6
HW. 301 11 12 8 35 84,7
H.A., 259 13% 12 13 31 83,2
H.le P75 11 12 11 33 72.8
G.B. 269 13 12 14 35 83.8
E.8a 272 11% 12 6 33 70.6
J. £33 9 12 11 23 70.5
F. L. 256 7 12 15 30 71.6
H,L. 246 14 12 9 30 81.7
PR, 258 11 12 9 27 3.3
J.5. 27 12 13 9 31 72.0
P.T., 246 9% 12 11 36 77.8
B.E.. " R4) 10 12 7 22 78.5
g.6. 288 10 12 4 31 83.6
TD, PAS 13 12 7 40 83,1
G.G. 243 11 12 8 39 83,7
H.G. 261 9 12 10 34 81.3
G.G., 272 1 12 15 38 77.2
V.L. 241 11 12 4 35 80.9
H.M., 231 11 12 2 27 S
E.0, 258 11 12 5 35 69.9
H.O0., 227 12 lyr"u" 7 27 78.7
J.P. 253 12 12 0 37 88.1
G.R. 266 11 12 11 39 89.4
JR. 268 113 12 7 27 75 .4
S. 300 12 9 3 29 78.7
R.EB. 238 113 11 5 34 83.8
L.G. 245 10 12 5 33 72.5
A.G., 256 13 12 8 34 83.8
H.I. 240 133 12 7 35 81,7
T.J, 564 11 12 6 34 73,6
H.,K., 244 113 12 7 33 84,5
.0, 332 5 | 11 3 30 70.5




Table l.--KAW DATA: EXPERIMENTAL GROUP

(eentinued)

— -

1 !
 Months , Previous

T, K, Test

! !

'Age in ) i Shop
Name 1 S ths 'D %nI y school , scores 52 Qs L Giade

' tVedole o yORT'S ' begin ! complete ,

1 1 [ 1
H.S., 244 103 12 3 26 74 .5
J.S. 238 8 12 3 29 71.2
G.B. 247 13 12 9 23 8l.2
G.B. 255 133 12 6 23 2.2
J.D. 263 8 12 7 24 75,9
H.D. 260 133 12 8 28 75.3
H.G. 234 13 12 13 32 74,5
F.K. 247 9 12 14 30 83 .4
H.L, 234 12 12 8 37 83.8
G.M. 245 14 12 13 3l 69.1
H,N, 249 9 12 8 29 75.6
Jd.N. 260 13 12 12 40 69 .9
M.P, 276 b 8 12 13 23 79,0
R.R. 207 9 9 2 26 77 o1
G.S. 284 14 12 8 35 84.0
PV, 232 35 77.0

123 12 9




Table 2.-~-RAW DATA: CONTROL GROUP
=_-_' 1 [] ] T T ——
in fMonths t Previous ! T, K. Test '

Name ! Ag in ' school ' scores 52 Qs 1 Shop

s months lD.I.I. ! years ! ' r  Grade|

‘ § : , begin  complete |
G.,B., 275 10 14 14 33 79.5
.0, 2% 10 12 11 26 74 .5
H.H, 232 11 12 7 30 77.2
G.5. 289 8 12 7 30 77.0
7.F. 283 9% 12 8 32 78,0
P, T, 269 8 10 12 32 78.2
J., 831 11 12 8 36 80.8

H, 222 7 12 12 27 80,9

H.H, 249 8 12 11 20 75.8
Jig. 2o 105 12 13 31 79.5
G.M, 242 10 12 9 31 70.8
G.,0. 240 a 13 10 30 84.6
F.0, 282 8% 12 15 34 72.0
H.,P., 266 11 12 8 19 77 .5
F.R., 230 8 12 9 26 82.0
H.S, 247 13 12 15 30 80.8
¢. T, 235 134 12 10 24 76,3
G.B, 280 9 12 10 27 73 .4
¢.D. 298 113 12 15 32 76.3
¢.D., 268 13 12 14 37 78.4
F.F. 280 12 12 12 29 5.9
6.6, 248 12 12 8 30 88.1
G.G., 243 11% 12 7 34 70.9
H,H., 240 ) 12 5 30 71.8
K. | B5% 9 lyr WM 6 17 {7
P.L., 248 8 12 14 33 78,3
¢.M, 221 9 12 11 26 75.5
F.P., 253 113 12 4 21 77 .2
a.8. 274 9 12 5 25 73 .4
F.B. 243 9 12 8 23 . 74 4
G.B. 253 10% 12 3 37 86,2
H.B. 243 10% 12 7 31 78.5
J.C. 264 11 12 12 32 76.3
F.B. 256 11 12 5 35 71.3
A.Fe 271 9% 12 3 29 89,4
J.H., 249 10 10 4 28 86,0
F.H., 248 11 lyr"u" 2 24 72.6
H.H., 231 7% 12 8 28 79 .4
P.X. | 2 12 12 15 33 76.1
H.K. 226 11 12 15 41 76.3
B.1L, 225 113 12 10 28 80,9
J.0. 248 10 lyr"U" 4 31 77.5




Table 2,.--RAW DATA: CONTROL GROUP

(continued)

; ! Months ' Previous ' T.K, Test :
Name 'AB® 1N 1 4 1 "Sohool ! scores 52 Qs 1 Shop
y menths 'D.I. I, ! Sers 1 ' 1 Grade

: (regess B A , begin , complete ,
R, 221 11% 12 1 17 76 .3
T, 242 7 18 10 33 89.4
HB. 255 1 10 v 27 74,5
G.B., 235 14 12 9 22 72.2
HB, 244 113 12 15 22 73 .6
HB. 252 12 12 7 31 76 .4
¢G.C. 248 12% 12 8 35 92.6
P.D, 240 162 12 3 30 75,2
F.E, 236 14 12 13 35 755
M.E., 238 11% 12 5 30 73.6
G.G. 288 10 12 8 32 75.7
F.J. 320 12 12 12 35 82,7
H.R. 256 13% 12 9 30 85,5
c.8. 287 13 12 14 34 73,0
G.S. 250 11 12 5 18 69 .5
B.V. 235 14% 12 13 32 84,6
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