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Short Cuts to Bigger Pay

Your chance to procure one of these famous
McGraw-Hill Home Study Courses for ten

S

days’ free trial.

Croft’s Library of Practical Electricity

The only electrical library in existence that actually teaches
electrical practice as experts know it. 3,000 pages and 2,100
illustrations taken from electrical work itself. 8 flexibly bound
volumes, pocket-size. Easy to read and easy to understand,
and the principles easily applied to work as it is done. For
both the beginner and trained man, for reference or study.
Price $20, payable $2 in ten days and $3 per month.

Power Plant Library

The most used engineers’ library ever published. Over 30,000
power plant men are using them as a means of passing exam-
i

inationt and becoming chief engineers. 8 volumes, durably
bound in dark blue cloth. About 2,700 pages, 1,800 illustra-
tions. If you are interested in any branch of power plant work
vou must have these books. They will enable you to pass the
examination in any state. Price $16, payable $2 per month.

Not one cent in advance

Merely check the library in which you are juterested, fill out the
coupon and return to us. We will ship the set of your choice for
ten days’ absolutely free examination. Return at our expense if
you are not thoroughly pleased. Pay only the small monthly pay-
ments called for if you are satisfied the books will increase your
earning power, Bttt act now. Tomorrow may he too late.

McGraw-Hill Book Co., Inc.
239 West 39th Street, New York

Here are three of the McGraw-Hill
Home Study Courses that make promo-
tion sure. FEach represents practically a
life time of study and practice. They are
not correspondence courses. They are

self-teachers. All the information you

need is laid before you in plain language
and plain illustrations.

Machine Shop
Library

Machine Shop Library

The practical side of machine shop work, written by such well
known authorities as Colvin, Stanley, Lake, Goodrich, Haas
&c.. 3,000 pages, 2,000 illustrations. 9 volumes, dark re
cloth, morocco grained. Suitable to the needs of every man
connected in any way with the machine shop. Records of actual
practice that show the way to more pay. Price $20, payable
$2 in ten days and $3 per month.

Records of Work Itself

The fact that the matcrial in thes: librarics was taken from
the best in actual practice has made them the most used books
of their kind in existence. They are for progressive men who
insist upon the best in mechanical and engineering literature.
Of equal value to the beginner and expert. Positively written
in In;gunge that any man who can read and write can under-
stand.

FREE EXAMINATION COUPON

; McGraw-Hill Book Co.. Inc., 239 W. 39th St., N. V.

Genttlenten:  Send for ten daya’ free {(nspection the Library 1 have checked
helow:

Croft's Electricity, $20— payuble $2 per month,

Machine Shop Library, $:0—payable $3 per momth

Power Plant Llbrary, s16G--payahle £2 per month
i satisfactory I will send first payment in ten days and the same amount
ach month untit paid, If Lot wanted | owill return the hooks at your
expense,
SIGRALUIE ... ov. it i e e it iiias eesrerraecaiaes

Resldence address ........

City and State.............. S a668a800
Your employer ..........

His address ..............

Your occupation .............. .o k. D.4-t0,
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MATHEMATICS AND SCIENCE.

sible to fly. Langley battered this theory to death. James

Clark Maxwell brought forth a mathematical treatment
called the Electromagnetic Theory of Light. Twenty-two
years later, the brilliant young Hertz of Karlsruhe proved
experimentally that Maxwell was right. In the first case
higher mathematics were wrong; in the second case they
were right.

IT was once '“‘proven’ mathematically that it was impos-

IT requires a great intellect to theorize in mathematics as
Maxwell did, and few men are capable of doing it. The
man or men whose mathematics told them that flying was
impossible were probably incapable of handling .such an
involved problem.

THE value of mathematics to science depends largely upon
the men who use mathematics in a scientific way. The
mathematics of such men as Newton, Maxwell, Lodge, Kelvin,
Euclid and Arrhenius have been of tremendous value to the
world. A scientist wandering around in the upper regions
of mathematics must be sure of his step else he makes a mis-
take and misinforms the world on some subject of vital im-
portance. This would do more harm than good.

ATHEMATICS is the backbone of science. Without the

higher expressions in mathematics there would be no

science in a strict sense of the term. This means, then, that
progress is dependent upon mathematics.

THE wrong use of figures may bring about great catastro-
hes. It may cause a liner to sink at sea, an elevator to
drop, a building to collapse, a train to be wrecked or a city

to be flooded.
ATHEMATICS stand guard over human knowledge.

Mathematics prevent theory from running amuck.
Mathematics analyze things. Few things are of greater im-
portance to the world.

HE science of figures has made possible great things. The

difference between rule-of-thumb procedure and real
science is mathematics. It would be impossible to build a
Brooklyn Bridge, a Woolworth Building or an Empire State
Express without the science of figures.

ATHEMATICS lead into infinity. The science is as vast

and endless as space itself. One can never hope to get
to the end. The “bottom-bottom™ of mathematics is as be-
clouded with mystery as any one of the great cosmological
problems.

RAYMOND FRANCIS YATES, Editor.
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Books For The PRACTICAL MAN

Henley’s Twentieth Century Book of Recipes, Formu-
las and Processes.

Edited by Gawoner D. Hiscox. The most valuable techno-chemical
formule book published, including over 10,000 selected scientific,
hemical, technological and practica reclyes and processes, This book
of 800 pages is the most complete book of receipes ever published, giv-
ing thousands of recipes for the manufacture of valuable articles for
everyday use. Hints, helps, practical ideas and secret processes are
revealed within its pages. It covers every branch of the useful arts
in every respect. Contains an immense number of formulas that every
one ought to have that are not found in any other work. New
edition. Cloth.

Model Making.

By Ravumonp Francis Yates. A new book for the mechanic and
model maker. This is the first book of its kind to be published in
this country and all those interested in model engineering should have
a copy. The first cight chapters are devoted to such subjects as
Silver Soldering, Heat Treatment of Steel, Lathe Work, Pattern Mak-
ing, Grinding, etc. The remaining twenty-four chapters describe the
construction of various models such as rapid fire naval guns, speed
boats, model steam engines, turbines, etc. This book must not be
confused with those describing the construction of toys now on the
market. It is a practical treatise on model engineering and construc-
tion. 400 pages. 301 illustrations.

Price, $4.00

Price, $3.00

Automobile Repairing Made Easy.

By Victor W. Pack. A thoroughly practical
book containing complete directions for making
repairs to all parts of the motor car mechanism,

ritten in a thorough but non-technical man-
ner. This book also contains Special Instruc-
tions on Electric Starting, Lighting and Ignition
Systems, Tire Repairing and Rebuilding. _Au-
togenous Welding, Brazing and Soldering, Heat
Treatment of Steel, Latest Timing Practice,
Eight and Twelve Cylinder Motors, etc., etc.
You will never “Get Stuck’ on asjob it you
own this book. 1,000 specially made engravings
on 500 plates. 1,056 pages (5%x8). 11 fold-

ing plates. .
Price, $4.00

How to Run an Automobile.

By Victor W. Pack. This treatise gives concise instructions for

starting and running all makes of gasoline automobiles, how to care

for them, and give distinctive features of control. Describes every
step for shifting gears, controlling engines. 178 pages. 72 illustra-

tions- Price, $1.50
Automobile Welding with the Oxy-Acetylene Flame.

By M. Keitu DunsaM. Explains in a simple manner apparatns to be
used, its care, and how to construct y shop equip Pro-
ceeds then to the actual welding of all automobile parts, in a manner
understandable by everyone. 167 pages, fully illustrated.

Price, $1.50

Abrasives and Abrasive Wheels,

By Frep E. Jacos. A new book for everyone interested in abrasives
or grinding. A careful reading of the book will not only make me-
chanics better able to use abrasives intelligently, but it will also tell
the shop superintendent of many short cuts and efficiency-increasing
kinks. The economic advantages in using large grinding wheels are
fully explained, together with many other things that will tend to
give the superintendent or workman a keen insight into abrasive
engineering. 340 pages, 200 illustrations. This is an indispensable
k for every machinist.
Price $3.00

Machine Shop Arithmetic.

By CoLvin-Cueney. Most é)opular book for shop men. Shows how
all shop problems are worked out and “why.” Includes change gears
for cutting any threads; drills, taps, shrink and force fits; metric
system of measurements and threads. Used by all classes of me-
anics and_ for instruction in Y. M. C. A, and other schools.

Seventh edition. 131 pages.
Price, 75¢

Steel: Its Selection, Annealing, Hardening and Tem-
pering.

By E. R, Marxuanm, This work was formerly known as “The Ameri-
can Steel Worker,” but on the publication of the new, revised edition,
the publishers deemed it advisable to change its title to a more suitable
one. This is the standard work on hardening, tempering, and anneal-
ing steel of all kinds. This book tells how to select, and how to work,
temper, harden, and anneal steel for everything on earth. It is the
standard book on selecting, hardening, and temgering all grades of
steel. 400 pages. Very fuily illustrated. Fourth edition.

Price, $3.00

The Lathe—Its Design, Construction and Operation,
With Practical Examples of Lathe Work.

By Oscar E. Perrico. A new revised edition, and the only complete
American work on the subject, written by a man who knows not only
how work ought to be done, but who also knows how to do it, and how
to convey this knowledge to others. It is strictly up-to-date in its de-
scriptions and illustrations. A number of difficult machining opera-
tions are described at length and illustrated. The new edition has
nearly 500 pages and 350 illustrations.

Price, $3.00

House Wiring.

ny Tuomas W. Porre. Describing and illustrating up-to-date methods
of installing electric light wiring, Intended for the electrician, helper
and apprentice, Contains just the information needed for successful
wiring of a building. 125 pages, fully illustrated, flexible goth.

rice, 75¢

Electric Wiring, Diagrams and Switchboards.

By Newrton Hamrrison, with additions by Tuomas Porpe, This is the
only complete work issued showing and telling you what you should
know about direct and alternating current wiring. It 1s a ready
reference. The work is free from advanced technicalities and mathe-
matics, arithmetic being used throughout. It is in every respect a
handy, well-written, instructive, comprehensive volume on wiring for
the wire-man, foreman, contractor or electrician. Second revised
edition. 303 pages, 130 illustrations. Cloth.

Price, $2.50

Starting, Lighting, and Ignition Sys-
tems.

By Victor W. Pagk. A practical treatise on
modern starting and ignition system practice.
This practical volume has been written with
special reference to the requirements of the non-
technical reader desiring easily understood ex-
g]ana_tory_matter relating to all types of automo-
ile ignition, starting and lighting systems. It
can be understood by anyone even without elec-
trical knowledge. Nearly 500 pages. 297
specially made engravings. New edition,
Price, $3.00

Motor-Boats and Boat-Motors.

By Victor W. Pack and A. C. Lrirca. All who are interested in
motor boats, either as owners, bnilders or repairmen will find this
latest work a most comprehensive treatise on tgeudesign, construction
operation and repair of motor boats agpd their power-plants. It is
really two complete books in one cover as it consists of two parts,
each complete in itself. Part One deals with The Hull and Its Fit.
tings. Part Two considers The Power Plant and Its Auxiliaries. A
valuable feature of this book is the complete set of dimensioned work-
ing drawings detmlmfg the construction of five different types of boats
ranging from a 16-foot shallow draft, tunnel stern general utility
craft to a 25-foot cabin crniser. These plans are by A. C. Leitch, a
practical boat builder and expert naval architect and are complete in
every particular, Full instructions are given for the selection of a
power plant and its installation in the hull. Valuable advice is in-
cluded on boat and engine-operation and latest designs of motors are
described and illustrated. The instructions for overhauling boat and
engine are worth many times the small cost of the book. It is a
comprehensive work of reference for all interested in motorboating
in any of its phases. Octavo. Cloth. 350 illustrations. 500 pages.

Price, $3.00

The Modern Gasoline Automobile, Its Design, Con-
struction, Operation. .

By Victror W. Pack, M.S.A.E. This is the most complete, practical
and up-to-date treatise on gasoline automobiles and their component
parts ever published. In thé new revised and enlarged 1920 edition,
all phases of automobile construction, operation and maintenance are
fully and completely described and in language anyone can under-
stand. 1,000 pages. 1,000 illustrations. Price, $4.00

The Model T Ford Car, Its Con-
struction, Operation and Repair,
Including the Fordson Farm Trac-
tor. The F. A, Starting and Light-
ing System and the Worm Drive
1-Ton Truck.

By Victor W. Fagk. This is the most com.
plete and practical instruction book ever pub-
lished on the Ford car and the Fordson Trac-
tor. Illustrated by specially made drawings
and photographs, All parts of the Ford Model
Car are described and illustrated in a com.
prehensive manner—nothing is left for the
reader to guess at. The construction is fully
treated and operating princi?le made clear to

everyone. 425 pages, 150 illustrations.
Price, $2.00

TTHEMODELT

'FORD CAR

AND FORDFARM TRACTOR

8% Aoy of these books semt prepaid om receipt of price. FREE—Our mew 1920 Catalog of Practical Books sent free en request

THE NORMAN HENLEY PUBLISHING COMPANY

Dept. E. E.

2 West 45th Street, New York

Please mention EVERYDAY ENGINEERING MAGAZINE
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Get Bigger Pay
/~ELECTRICITY
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3 o by using your set,of

5 ‘ HAWKINS Electrical

- Guides Every Day.

They tell you just what
you need to know.

/AHAWKINS
| Electrical Guides

place electricity at your fingers’ ends. They
cover every subject, principle, theory, prob-
lem, trouble, and way of doing things electri-
cally. Every subject is indexed so that you
can turn right to it. They are a study course and
a reference guide in one, written in plain every day
language—no wasted words—only what you need to
know—full of up-to-the-minute electrical knowledge.

$1 a NUMBER
$1 a MONTH The guides are a complete course in electrical en-
gineering.

They will help you in every detail of the day’s work. You can’t ask an
electrical question that Hawkins Guides can’t give you help on.

The WHOLE SET sent
for your inspection FREE

The books are small enough to slip into your coat pocket—
handsomely bound in flexible black covers.

You can carry each volume with you until you have mastered its con-
tents. 3,500 pages of actual information and 4,700 illustrations. Once you
see these books and put them into actual use you will never again want to
be without them. Try it at our expense.

.
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\""h\

Flexible Covers
Handy Pocket-Size
10 Volumes

350_0_Eges
4700 Pictures

READ THIS PARTIAL LIST OF CONTENTS
Ne. | Contalns 348 pages, 388 illustrations. Electrical signs and
symbols—static and ourrent electricity— cells—conductors
and insulators—resistance and conductivity—magnetism—indu-
tion ocolls—dynamo principles—classes of dynamos—armatures—
windings—oommutation—brushes, etc,
Ne. 2 Contains 348 pages, 394 illustrations. Motor principles—
armaturs reaction—motor starting—caloulations—brake borse-
power—selection and installation of dynamos and motors—gal-
vanometers — standard cells — current measurement — resistance
measurament—voluneters—wattmeters—watthour meters—operation
of dynamos—operation of molors, ete.
Ne. 3 Contains 300 pages, 423 illustrstions. Distribution systems
—wires and wire oaloulations—ineide, outside and underground
gn fashers—lightning protection—rectiflers—storage bat-
tery systems, etc.
Ne. 4 Contains 270 pages. 370 illustrstions. Alternating current
principles — alternating ourrent diagrams — the power factor
siternator principles—alternator construction—windings, etc.
Ne. 5 Contains 320 pages, 614 illustrations. A. C. Motors-—syn-
chronous and induction motor principles—A. C., commultator
motors — Induction motors — transformers: losses, construction,
emneotions, lests—converters—reoctifiers, ete,
Ne. 8§ Contains 293 pages, 472 {llustrations. Alternating current
systems—switching devices—current breakers—relays—!lightning
protector apparatus—regulating devices—synchronous condensers
—indicating devices—meters—power factor indicators—wave form
measurement—ewitch boards, etc.
No. 7 Contains 315 pages, 379 illustrations. Alternating current,
power statlons—turbines: management, selection. location,
arection, testing, running. care and repair—telepbones, etc.
Ne. 8 Contains 232 pages, 436 illustrations. Telekraph—simulta.
neous telegraphy and telephony — wireless — slectrolysis bells +—
sleotrio lighting—photometry, etc.
Ne. 9 Contains 322 pages, 627 illustrations. FElectric rallways—
slectric locomotives—car lighting—trolley car operation—mis-
osllanecus applications—motion plctures—gas engine ignition—
antomobile self-starters and lighting systems, electric vehicles. ete.
Ne. 10 Contains 513 pages, 599 fillustrations. Elevators—cranes
—pumps—air compressors—electrio heating—electric welding—
seldering and brazing—Industrial el 1 lectro-platl

18
eleotro—therapentica—X-rays, etc.
Also a compiete 126 page ready reference index of the complete
Ubrary. This index has been planned to render easlly accessible
all the vast information contained in the 10 electrical guldea.
There are over 13,0600 cross references. You ——

find what you want to know Instantly

"whereas & year ago 1

TO EARN MORE—LEARN MORE

It will cost you nothing to receive these books—to look them over—ask
them all the questions you can think of—use them in your work—study them—pick
up some information that will increase your earning ability.
entire set of 10 volumes entirely FREE.

This is a sign of our confidence in the guides.
Keep them for seven days and if you do not decide that you can’t get along
without them, return them to us and owe us nothing.

When {ou decide to keep them you onmly have to pay $1.00 down and remit the
$9.00 on the easy payment of $1.00 a month till paid for.

It will pay you many times over.

tested.

balance o

Use the coupon to get the books.

What Users Say:

Beoome a Superintendent

Hawkins Guldes are worth double their
price. 1 have been able to secure higher
pay and & better posxsg,ionwwlmumeu aid.

. b onard.
Supt. Brskine Light & Power Plant,
Erskine, Minn,

$5.000 Saved

The ten dollars I invested in Hawkins
Electrical Quides mnetted the company
by whom I am employed somewhere
sround $5,000.

The knowledge gained from your books
enabled me to save & transformer house,
should have
thought myself in great danger and

have run.

Use this letter as you please as I am
truly thankfu} for having the Iittie won-
ders, A. L. Foster, Opher, Colo.
Handy to Carry

The great beauty of them is that you
can carry them in your pocket. That
suits me for I never want to be without

Collins.

em, . 8. £
Richardson Engineering Co., Hartfard,

ONEY- USE THE COUPON ==

I Reference

We will ship you the

Pure gold does nmot object to being

THEO. AUDEL & CO.
12 Fifth Ave., New York, N. Y,

THIS COUPON BRINGS THE GUIDES

THEOQO. AUDEL & COMPANY
72 FIfth Avenue. N, Y.

Please submit me for examinauos

Hawkins Electrical Guides (price $)

each). Bhip at once, prepsid. the 10 num-

within: seven “San cod b ‘Hcber moif Jou §!
ays an

each month until pyald urever maliByon G

Slpnature
Occupatlon ........
Employed by......

Residenoe .....................

Please mention EVERYDAY ENGINEERING MAGAZINE
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with your present work.

if you will train yourself to fill it.
or two a day with these books.

Big Pay for Jobs paying
Trained Men $5000.00 a

year are waiting for men who can
qualify as Electrical Engineers—Sub-
station Operators — Troublemen —
Switchboard Operators—DynamoTend-
ers—Electricians. Electricity is the
greatest force in the world and it is
growing bigger and bigger every day.
More and more men are needed all
the time. Why don’t you get into
this big paying field now?

Jobs paying

whole week FREE.

to you by express collect.

Dep'l E-354,

Any big job that you want in the electrical field is yours
It only takes an hour

6 a8adl

it
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Learn Eleciricity
=the New Way

T’S no longer necessary to go to school or serve an ap-
prenticeship to learn electricity. With this new library
of APPLIED PRACTICAL ELECTRICITY you learn

right at home—in your spare time without interfering

Good Jobs I vou o
- ¥ rain n
Al‘e Walllné somebiaml:h

of electricity you will never have to look
for a job. The job and the big pay will
be looking for you. You can’t dodge a
good job if you have the “know how"”
under your hat. Let these 27 great en-
gineers help you to the best kind of job
with their books.

Send the coupon below and get them

for FREE examination. See our free
offer below.

The World’s Greatest
Electrical Books
LOANEDIoYOU

We will lend you this wonderful library to use in your own home or shop a
It won’t cost you one cent.
Just fill out and mail the coupon today and the set of eight volumes will come
You be the judge and find out for yourself what the
books will do for you. Use them as you please. Show them to your friends
and get their opinion. Then if you have any doubt as to their value send them
back at our expense and you won’t owe us anything.

Only 7 Cents a Day

If you like the books after a week’s examination you pay us only $2.00 and the same amount
each month until $24.80 is paid. This is only 50 cénts a week—7 cents a day. You can't afford
to pass up a better job on these easy terms. MAIL THE COUPON NOW.

American Technical Socielty

DON'T SEND ANY MONEY.

CHICAGO

This is the 1920 edition—new from cover to cover—chuck
full of the latest methods and most recent discoveries in
this fascinating field. Everything is written in plain, good
old U.S. language by 27 of the greatest experts in the busi-
ness. The eight volumes with 3800 pages make up a com-
plete course in electrical engineering.
course for the beginner and a handy reference guide for
the expert combined.

Everyday Engincering Magazine for April

It’'s a home study

Elements of

What_ the Elemen
BooksTeach &5t a

Measurements—Electric Wiring— Un-
derwriter’s Electrical Requirements —
Theory, Calculation, Design and Con-
struction of Direct Current Generators
and Motors—Types of Generators and
Motors—Management of Electrical Ma-
chinery—Electric Lighting—Alternating
Current Machinery —Power Transmis-
sion—Electric Railways—Self-Propelled
RailwayCars—Trackless Trolley—Power
Stations—Switchboards and Switching—
Storage Batteries—Applied Electro-chemistry—
Electric Elevators—Electric Welding and Heat-

ing — Wireless Telegraphy and Telephony —
Land and Submarine Telegraphy.

Free Service Jiochs

. R of these great
electrical books we give a one year membership
in this society. This entitles you to consult our
engineers and experts on any electrical prob-

Jem. Write as often as youlike. Ask as
many question as you like for one year.

Coumon is
All You
Need—

American
Yechaical
Society

Dewpt, E-354
Chicago, U, $. A.

Please send me the 8-vol-
ume set of Electrical En-
ineering for 7 days’ examin-
ation, shipping charges collect.

If 1 dceide to buy I will send $2.00
within 7 days and balance at the
rate of $2.00 a month until $24.80 has
been paid. Then you will send me a
receipt showing that the set of books
and the Consulting Membership are mine
and fully paid for, If I want to get along
without the books, 1 will return them, after
7 days, at your expense,

Reference.

.

Please mention EVERYDAY ENGINEERING MAGAZINE
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The Auto Centeris the
Loglc%_al Place
n C To

_ more than seven
. million cars and trucks
licensed in "the United States
. during 1919. Thousands more are be-
ing added to this astounding number every
day and still the demand is far ahead of pro-
duction. A nd Detriit is the Heart of this Tremendous | stry

Auto Factories Endorse School

The Auto Factories here in Detroit—THE HEART OF THE AUTO
INDUSTRY—do not hesitate to endorse our school. We have letters from
such factories as Packard, Maxwell, Hudson, Chalmers, Hupmobile, King,
International Harvester Co. and others, endorsing the school, They employ our
graduates and furnish us with their latest chassis for our students’ use. 2

Earn $100.00 to $400.00 Monthly

Trained men are always needed and can get Service stations are after our graduates to ili posltions as
the big high-salaried jobs. Trained men are in managers, foremen, etc., at big salarles. Auto owners pre-
big demand and we constantly have a greater demand fer to put their cars in a competent mechanic’s hands and
than we can supply—both from Detroit and throughout the  our graduates have no trouble getting business and hoiding
country. There are thousands of good locations for garages it. Our graduates who are in business make $5,000 to $10,000

f\
Traim
Head and

and the big factories help our graduates get these fine locations, and more yearly.,
Read What PP T : Complete T
the Factories COMPlete Trainingin  Train in Detroit e clJ::;“ Course
¢ Factorie Auto Electrics Detroit, with its more o , ™
say of the M.S.A. S. Our course in Auto Electrics is* than 180 Auto, Truck, Ou are given complete instruction
" e. Standard kilmgc equip- Tract(;r aind hAecleuloni OR care and operation of Farm Tractors
mnent for autos, trucks and tractors  factorles is the logical in our r ular il
== is In actual operation for students place to learn the Auto, i incregin Auto fC? urste. Constant
ey to wc;r:(d on, dStudlentlss are taught Truck am'iy Tracttl)lr busi- tyraine d tra%t ‘:Se 0 ra(i\';)rs gauts for
N/ to quickly and easily locate electri- ness. 79% of all auto- Oor men, anuiacturers
HUDSON MOTORYCAR COMPANY cal troubles. Hundreds of gradu- mobiles manufactured have placed machines with us to give
OELTROIT. MICH. V.8 A. ates are filling high salaried posi- are made in Michigan— our students the benefit of tical
The Michigan State Aute School in our tions In electrical service stations. 719 of them are made o " practy
opinion, s the finest institution of its kind Every quarter of the globe recog- in Detroit alone. Can mSthtl.On. Hundreds of students are
o m:"tmm;r In fact. we endorse its mcthod nizes our school as the world's you think of a better completing our course and returning to
We have rv.('(;mmendod a grellumlny students Elf:l'll?::f a,lélcc:a;'ogsAUto. Truck and {:le';:" to learn this busi-  the farm, competent to care for their
: R b b A 5
% The Alichigan Stote Auts Seia ooy’ high tractors and the tractors of their neigh-
Pﬁll in the sllnul(llrd (:ds(;l&oog‘s). Ilalﬁgulpvgg:;ll Y N . . . bors.
nn 8eCol ne.
is' considered onie "of e wost eMicient” sepomia Brazing, Welding and Tire Repairing  not A one-man
im_the country. Taught SCHOOL
14 youl lnh-n'u'l to h;lsll any ';'l‘.hoob‘('l men b{ a'II This th'choobles" founded
Ruto "School. 80 far ag wie Know, 15 the oot These two subjects are taught in separate courses. gng t%,0et  newest
M "":;:Yaar:;né?;::ué?fh ’:":’: :" | Hundreds of students take them with the Complete inginals in the Auio,
0 OMPANY, ness, O is
Service Department Auto Course. Others take them separately. Competent I;ullt onurth:o“::ledut 20 N
men are in big demand in both fields. Brazers and oF" et Co-operation * :
== Welders are nceded in every field—Tire Repair men are RN T aona
X s always in big demand. Oho Mman's ideas,  but

:)l:e go[:;blned {’den of
- e o est and most
ad) maDE im AmEmICA

successful men in each
Derrom M t15A. Graduates Pass State Students From All  fii™) "o 0 o
The Michigan State Auto School enjoss a very and City Examinations Over the World

{
4
enviable reputation, and is probably one of the

best of its kind in the United States. Have no Graduates of the M. 8. A, S, Men are coming to our SEND THIS Eaupn" TUDAY
hesitation in recommending it in every particular. have no difficulty in passing School from every quarter of

Yours very truly required examinations for
PACKARD MOTOR CAR COMPANY. VTR nln:chanics, chgut- ::l:rlg;?sbet::lc:l?g‘z‘:fa"c? t‘l;: MICHIGAN STATE AUTO SCHOOL
feurs, etc. No matter where 3964 Auto Bldg., 687-89-91 Woodward Ave.
m ANYE_;_ruRI'\‘l ':'OA:II-'HgETF?\gIIJI- you go, our training will en-  auto, truck and tractor me- Detrott, Mian U, oo
AND R R 2 able you to handle the work chanies because of the close Gentlomens Fleass send mp luuiy -
R !:“i‘;“{nﬁ'l‘.:'&‘;“’ I?‘;,"',‘; oK Dot g“en::z’; easily and quickly. factory co-operation. NGentiemen: Ploase send me, letllome TREE,
in the nrlz? buslneis, prenl;loln to opeula,uldjusl l;lecll:)wl News,”” and information as checked
and repalr {our mac] es yourself—save b
thousands of dollars in repair bills as well ay BIG
v Auto and Tractor Course. Tire Repairing.
o8 the Hotey’ vou. %"&?u"’&'&“k T.'.!’."r‘é'h-‘il‘,’,‘.’;- 176-Page Open All Year— = i G (I
1 Al our nef r's machines .
el ?rmll: a small !hog on your own farm or al Catalog Start Al‘ly Time (Mark each course you are interested in.)

some conveniently located place nearby. Or, better still, you can expect me about

Our school is open the year
DETROIT | VONEY-BACK Send the A todgy for  +round, Enter the classes any
mencanof meAzownsy | GUARANTEE Dl 176 page catalog and €opy 4ay Yoy can get started the |
N ( We guarantee to quall- of latest ““Auto School > e\;ls. same day you arrive. Our
fy you for a position They tell about coursesl—s OW  welfare department will assist
as ~chauffeur, repair more than a hundred pictures you in finding a good room 10
man, demonstrator, of equipment—give letters and splendid meals
auto electrician, garage from big auto factorles and -
man, "_lu'tomb':‘gf“".'i’; graduates. Our Courses are
::-d ::,','.rm,, paying reasonably priced—so reason- Street
from $I100 to $400 able in fact that many have jumped on train and comeoto
monthly or refund your Detroit without having stopped to write for‘catalog. ur
money, provided you do  Money-Back Guarantee protects you. If you can’t come, get the &0 S
] your part and attend catalog. Resolve to learn the business in Detroit—the Heart _
") our classes. of the Auto Industry. Use the coupon NOW.

MICHIGAN STATE AUTO0 SCHOOL

‘Most Progressive Auto Schoolin America’—‘In ti;e Heart .of the Auto Industry”
3264 Awut BPriildin .
e87-89 01 Wwoodwara Ave. Detroit, Mich.,U.S.A.
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How Columbia Students
Succeed

(More letters on request)

“I have accepted a position as drafts-
man, paying $2,640.00 a year to start.
I had no previous drafting experience
aside from my training with you, which
has proven all that was nceded for me
to become a professional draftsman.”
Laurence P. Johnston. (Mr. Johnston
is making as high as $200 a month ex-
tra in his spare time, which makes his
total income from Drafting over $5,000
a year.)

“Several firms have offered me $40
and $45 a week to start. As I am do-
ing nicely as draftsman up here and
about to receive my second increase in
salary have decided to stay. I find
that there are hundreds of openings for
draftsmen, and if I quit where I am I
could secure another position in three
hours’ time. There will be a still greater
demand for draftsmen.” Geo. Murray,

Jr.

“I wish to express my appreciation
for your courteous treatment and sin-
cere interest in the progress of my
studies and for aiding me, upon com-
pletion of your course, to secure a very
desirable position at $140 a month to
start. I am getting on well and the
chances for advancement are excellent.”
A. L. Gash.

“I have accepted a good position with
a large manufacturing concern in Chi-
cago and wish to thank you for the
training your school has given me.”
Emil B. Johnson.

A few of our many other successful
graduates are:

G. Tangorra $2,800 a year
T. R. Brown 2,860 a year
R. Fowkes . 5 3,700 a year

)

If you are a person of even average ability, you
can master this profitable profession in your spare

' The World of lndustry Needs §

You Can Learn Quickly by Our
Practical Method

time at your own home through our fa-
mous “Home Study Course.” You can,
in a short time, become a first class

Draftsman because our training is most “)‘7" ‘
thorough and practical and because you Y
will be personally instructed and coached

by the President of the school, Roy C. Rrovy c.CLAFLIN, President
Claflin, whose long experience as a  TheColumbia et
draftsman and a teacher especially quali-

fies him to give you the kind of training you need. We
teach you to make drawings just as you would in an actual
drafting room, and when you finish our regular Mechanical
Drafting Course you are given your choice of one of our
Special Post Graduate Courses, without extra cost.

Draftsmen Get $35.00 to $100.00 a week

On account of the importance of his work, the Drafisman is paid
an excellent salary and is always in line for advancement. Drafting
is not only one of the best paying professions, but is the stepping
stone to bigger opportunities. Many men, receiving up to $40,000
a year and over in technical positions, owe their success to their
knowledge of Drafting. General construction companies, manu-
facturers of machinery, locomotives and automobiles, desxgners of
tools and specxal equipment, makers of aeroplanes, large engineering
companies, in fact all branches of industry need Draftsmen today
in greater numbers and at better salaries than ever before.

“Columbia” Graduates Are the Kind of Drafts-
men That Are Needed

The properly trained Draftsmen, such as those graduated from the
COLUMBIA SCHOOL OF DRAFTING, are the ones who get the
preferred positions and best salaries. The success of our graduates
proves this to be true. Columbia Graduates are filling important
positions as professional Draftsmen throughout the country and
prominent concerns are continually offering positions to our graduates.

No Previous Training Required

Drawing Outfit
Furnished' Students
We furnish, without extra
charge, an individual draw-
ing outfit to all our students
for use throughout the
course. This becomes your
own property as soon as the

course has been paid for.

SEND THIS COUPON TODAY

or write to

COLUMBIA SCHOOL
OF DRAFTING

ROY C. CLAFLIN
President

Dept. 110! t4th and T Sts,,

N. W.,, WASHINGTON, D. C.

As our students are given practical Drafting work from the beginning of our
course, no previous training or drafting experience of any kind is required to
take up this work with us.

secure a position as Draftsman.

The training we give vou is all that is needed to

COLUMBIA SCHOOL OF DRAFTING, Roy C. Claflin, Pres.
Dept. 1101, 14th and T Sts., N. W., Washington, D. C.

I am Interested in your practical training in Drafting. Therefore,

without obligation to wie, please send me E your Iillustrated book

of particulars, testimonials, terms, etc. 1 am particularly Interested In

the Coursv checked below.
Mechanlical Draftin ...Patent Drafting .
Architectural Drafting ..Sheet Metal Drafting
.Structural Drafting .Topographie Drafting
.Electrical Drafting .Ship Drafting
.Highway Drafting .Statistical Drafting -
.Aeroplane Drafting .Automobhile Drafting
.Special Machlnery Drafting .Builders’ Course

NAME
ADDRESS

CITY § . R——0C . STIE . . ot oo oo
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HoEammsiS0aWeek
- Repairing Aufos A\

HOUSANDS of men everywhere are doing the same.
Many are getting more than this. Some are opening
garages of their own. Why don’t you get into the o w
auto game too? Men in other lines with a little mechan-
ical ability have doubled their earnings after getting into
the fascinating field of auto construction and repairing.
Ten times the number of men now engaged in the busi-
ness are needed. Fine, big paying jobs are waiting for
men who “know” to fill them. Read below and find out how you can fit

yqurself to hold one of these big, man’s size jobs in your spare time,
without going away from home at a cost of only 7c a day.

Learn at Home

No need to pay for an expensive course
that will take you away from home.
You can learn the auto game at a cost
of one-tenth the expense of going away
to school. You don’t have to serve an
apprenticeship either. Use spare time
only and keep right on with your pres-
ent work. This Library of Automobile
Engineering and Tractor Information
will make an expert out of you and fit
you for the biggest kind of job. Itis
in six thick volumes, with 2600 pages
and 2300 pictures, plans, diagrams and
blueprints, etc. Every part of everv
well known car is explained. They
teach you everything the best auto
schools teach.

Fifteen great auto engineers prepared
these money-making books for men
like you. You don’t have to know a thing about cars
to understand them. Every page is written in p.ain,
everyday language and they begin right at the begin-
ning. With every set we give FREE a consulting mem-
bership in our society. You can write our engineers o

any time and get their help on any proposition on Everythlng About Autos
which you get stuck. Automobile Motors; Welding; Motor Con-
struction and Repair; Carburetors and Set-

e S ' tings; Valves. Cooling; Lubrication; Fly-
xamlnatlon Wheels; Clutch; Transmission; Final Drive;
[ Steering: Frames; Tires; Vulcanizing; Ig-

. L . nition; Starting and Lighting Systems; {
Mail the coupon for free examination. Don’t send any money. Shop Kinks; Commercial Garage Design m’
We will ship the books (all 6 volumes) by express collect and vou and Equipment; Electrics; Storage Batter- ..

can have a whole week to use them as if they were your own. Give ies; Care and Repair of Motorcycles; Com-
them every test you can think of. Take them to your shop. Show mercial Trucks; Gasoline Tractors.

them to your friends and ship them back at our expense if you . .
don’t want to keep them. 1f you do keep the books to help vou 12 B]uepnnts of Electric

earn more, send us only $2.80. Youca1 send the balance of the Wiri D
$21.80 price the same way—$2.00 2ach month. Only 7 cents a day. irmng Liagrams
This is your chance to double your earnings—earn two dollars

in the same time it takes to Eet one now. The coupon is ’

your start. MAIL IT TODAY.
§ AMERICAN TECHNICAL SOCIETY
Money=-

g 0 —

Dept. A -354, CHICAGO, U.S. A.

Please send me the 6-volume set of Automobile Engineering for 7 I
days examination, shipping charges collect. If I decide to buy I will l
send $2.80 within 7 days and balance at _the rate of $2.00 a month
until $21.80 has been paid. Then you will send me a receirt show- I
ing that the set of books and the Consulting Membership are mine
and fully paid for. If I want to get along without the books, I will l

TOMOBILE  AUTOMOBIL'
PNGNEERING  ENGINEERIN

notify you after 7 days to send for them at your expense.

i
|
1
]
:
Thls :Name. - S e « g . o Sr
1
]
1
!
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American Technical
Society :: Chicago

IRMOBILE
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Free Proof tha
Raise Your Pay

No matter how much you are earning now, I can show you how

to increase it.

I have even taken failures and shown them how

to make $100—$200, and in one case as high as $2,000 weekly.
I am willing to prove this entirely at my risk and expense.

ET'S have a little chat about getting

ahead—you and I. My name is Pelton.

Lots of people call me “The Man Who

Makes Men Rich.”” I don’t deny it. I've

done it for thousands of people—lifted them
up from poverty to riches.

I'm no genius—far from it. I'm just a
plain, everyday, unassuming sort of man.
I know what poverty is. I've looked black
despair in the eye —had failure stalk IEne

ve

partner. Since that day I've never known.
what it is to want for money, friendship,
happiness, health or any of the good things
of life.

That “secret” surely made me rich in
every sense of the word.

Y sudden rise to riches naturally sur-
prised others. One by one people came
to me and asked me how I did it. I told
them. And it worked for them as well as

7T

tI1Can

around and hoodoo everything I did.
known the bitterest kind of want.

I have money
and all of the things.that money will buy.
I am rich also in the things that money

But today all is different.

won’t buy—health, happiness
and friendship. Few people
have more of the blessings of
the world than I.

IT was a simple thing that
jumped me up from pov-
erty to riches. As I've said,
I'm no genius. But I had the
good fortune to know a geni-
us. One day this man told
me a “secret.” It had to do
with getting ahead and grow-
ing rich. He had used it him-
self with remarkable results.
He said that every wealthy
man knew this “secret,”—that
is why he was rich.

I used the “secret.”
ly had a good test. At that
time I was flat broke. Worse
than that, for I was several
thousand dollars in the hole.
I had about given up hope
when I put the “secret” to
work.

At first I couldn’t believe
my sudden change in fortune.
Money actually flowed in on
me. I was thrilled with a
new sense of power. Things
I couldn’t do before became
as easy for me to do as open-
ing a door. My business
boomed and continued to leap
ahead at a rate that startled
me. Prosperity became my

It sure-

A Few Examples

Personal Experlences

Among over 400,000 users of
**Power_of “l'im.i,l": suchsmen as
Judge Ben B. ndsey: Supreme
Court Justice Parker; Wu Ting
Fang, Ex. U. 8, Chiuese Ambassa-
dor; Assistant Postmaster General
Britt; Gov. McKelvie of Nebraska;
General Manager Christeson of
;}'ellpFnrgo Express Co.; E. 8t

Metal Construction Co.: Gov, Fer-
ris of Michigan; E, T. Me
Sec’y of Agriculturist; and many
others of equal prominence.

$300 Profit from One Day's
Reading

*The result from one day’s
study netted me $300 in cash, I
think it a great book and would

not be without it for ten
the cost,”’—Col. . W, Wilke,
Roscoe,

Worth $15,000 and Wore
‘“The book has been worth more
than $15,000 to me.’’—Oscar B.
Sheppard.

Would Be Worth $100,000

*If I had only had it when I
was 20 years old, I would be
worth $100,000 today. It is worth
a_ hundred times the price.”’—S.
W. Taylor, The Santa Fe Ry..
Milans, Tex.

Salary Jumped from $150 to $800

Since I read ‘Power of Will'
my_salary has jumped from $150
to $800 & month.”’—J, F. Gibson,
San Diego, Cal.

From $100 to $3,000 a Month

‘“One of our who read
‘Pawer of WIII’ before he came
over here jumped from $100 a
month to $3.000 the first month,
and won & $250 prize for the best
salesmanship in the state.”’—Pri-
vate Leslie A. S8till, A, E. F..
France,

it did for me.

Some of the things this “secret has done
for people are astounding. I would hardly
believe them if I hadn’t seen them with my

own eyes. Adding ten, twenty,
thirty or forty dollars a week to
a man’s income is a mere nothing.
That’s merely playing at it. In
one case I took a rank fallure
and in a few weeks had him
earning as high as $2,000.00 a
week, Listen to this:

A young man in the East had
an article for which there was a
nation-wide demand. For twelve
years he ‘“‘puttered around” with
it, barely eking out a living. To-
day this young man is worth
$200,000. He is building a $25,-
000 home—and paying cash for
it. He has three automobiles.
His children go to private schools.
He goes hunting, fishing, travel-
ing whenever the mood strikes
him. His income is over a thou-
sand dollars a week.

In a little town in New York
lives a man who two years ago
was pitled by all who knew him.
From the time he was 14 he had
worked and slaved—and at sixty
he was looked upon as a fallure.
Without work —in debt to his
charitable friends, with an invalid
son to support, the outlook was
pitchy black,

Then he learned the ‘“secret.”
In two weeks he was In business
for himself. In three months his
plant was working night and day
to fill orders, During 1916 the
profits were $20,000. During 1917
the profits ran close to $40.000.
And this genial 64-year-young
man {8 enjoving pleasures and
comforts he little dreamed would
ever be his.

COULD tell you thousands of

similar instances. But there’s
no need to do this as I'm willing
to tell you the “secret’ itself,
Then you can put it to work and
see what it will do for you,

1 don’t clalm I can make you rich over night. Maybe
1 can—maybe I can't. Sometimes I have fallures—
everyone has. But I do clalm that I can help 30 out
of every 100 peolvle if they will let me.

The point of it all, my friend, is that you are using
only zbout one-tenth of that wonderful brain of yours.
That's wby you haven’t won greater success. Throw
unused nine-tenths of your brain into action and you'll
be amazed at the almost instantaneous results.

The Wil is the motive power of the brain. Without
& h trained, inflexible will, & man nas about as
much chance of attaining success in life as a rallway
engine has of crossing the continent without steam. The
biggest ideas have no value without will-power to ‘“‘put
them over.’” Yet the will, altho heretofors entirely
neglected, can be trained into wonderful power like the
brain or memory and by the very same method—in-
telligent exercise and use.

you held lyour arm in a sling for two years it would
become powerless to lift a feather, from lack of use.
The same is true of the Wiil—it becomes useless from
Jack of practice. Because we don’t use our Wills—
b we lly bow to cl we b
unable to assert ourselves. What our wills need is
practice.

Develop your will-power and money will flow in on
you. Rlich opportunities will open up for you, Driving
energy |you never dreamed you had will manifest itself.
You will thri]ll with & new power—a power that nothing
can resist. You'll have an influence over people that
you never though bl 8 in w form
you want it—will come as easy as failure came before,
And those are only a few the things the ‘‘secret’
will do for you. The ‘“secret’’ is fully explained in the
wonderful book ‘‘Power of Wil.**

How You Can Prove This
at My Expense

I know you’ll think that I've claimed a lot. Perhaps
ou think there must be a catch somewhere. But here
s my offer. You can easily make thousands—you can’t

lose & penny.
no money—no, not &
coupon and mail it to me.

cent. Merely clip the
By return mail you’ll re-
ceive not a pamphlet. but the whole *‘secret’ told in this
wonderful book, ‘POWER OF WILL.”

Keep it five days. Look it over in your home, Apply
some of its simple teachings. If it doesn’t show you
how you can increase your income many times over—just
as it has for thousands of others—mail the book back.
You will be out nothing.

But if you do feel that *POWER OF WILL' will do
for you what it has done for over four-hundred thou-
sand others—if you feel as they do that it’s the next
greatest book to the Bible—send me only $3.30 and you
and I'll be square.

If you pass this offer by, I'll be out only the small
profit on a $3.50 sale. But you—you may easily be out
the difference between what you’re making now and an
income several times as great. 8o _you see you've a lot
—a whole lot—more to lose than I.

Mail the coupon or write a letter now—you m. never
read this offer again. e ~

Pelton Publishing Company
156-H Wilcox Block

Meriden, Conn,

Pelton Publishing Company,
156-H Wilcox Block, Meriden, Conn.

You may send me ’‘‘Power of Will’’ at your risk. I
agree to remit $3.50 or remail the book to you in five days.

Name......ooovevieinenenninnes eecesercantactscecsrronn

Address. .......cconviniiiiiinans beseaernracanes ceeeee

Please mention EvERYDAY ENGINEERING MAGAZINE



T v s M 0«0 < o S OO T M

EVERYDAY
NG
NE

PRACTICAL MECHANICS
FOR EVERYDAY MEN

IT TELLS YOU HOW TO
MAKE AND DO THINGS

MAG /&

APRIL, 1920 NUMBER 1
T P s e v S

Steam Turbines and How They Work

By Raymond Francis Yates

VOLUME 9
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BOUT eighteen hundred years I

have rolled by since the first
steam turbine was made. His-
tory credits Heron as being the inventor
of the first “steam-motor’” which was
really a reaction turbine. Although the
steam turbine had its inception long
before the reciprocating engine, and as
a prime mover is far more efficient than
the latter, it did not reach a point in
its development where it could be ap-
plied in the work-a-day world until the
early 80’s. Today the whirling, hiss~
ing steam turbine is proving its worth
in the power stations of the world; it
has come into its own.
The ordinary reciprocating steam en-
gine is inefficient for several reasons,
~When matter is set in motion, force is

required to overcome this motion, be- .

fore the body can be brought to rest.
When steam delivers an impulse to a
piston in an engine cylinder, the piston
is forced to the opposite end of the
cylinder and when it reaches this point
it must stop and its motion
is reversed by the crankshaft.
When the piston stops a cer-
tain amount of the force rep-
resented bv the steam is used

S

While the average man generally un-
derstands the operating principles of
the reciprocating steam engine, few
thoroughly understand the operation
of the steam turbine, which is really
a far more interesting machine. This
is probably due to the small amount
of literature which treats of the
— steam tunrbine in a popular strain. —
- Realizing this the author has at- —
- tempted to set forth the principles —
i of the turbine in an “‘everyday” way.
= The subject of the steam turbine is
- full of interest for the man who
“likes to understand things”.

A

i

I

in overcoming its motion. The general
efficiency of the steam engine is fur-
ther added to by its great number of
sliding surfaces. These cause part of
the useful energy to be used in over-
coming friction.

The steam turbine is far more effi-

cient as a prime mover than the steam
engine as it possesses no reciprocating
parts. It has one moving member
which is the rotor and this revolves in
one direction only. The absence of a
number of sliding surfaces also con-
tributes to the general efficiency of the
steam turbine. In most machines only
two bearings are used.

The De Laval steam turbine first
made its appearance in 1883. This
machine is the A-B-C type of the tur-
bine family. It consists simply of a
single disc with lunette buckets ar-
ranged about its periphery. The steam
is directed against these buckets by a
number of nozzles which are mounted
at an angle of from 15 to 20 degrees. -
The steam exhausts from the opposite
side of the wheels into the atmosphere
or condenser. The power produced by
a turbine of the De Laval type is ob-
tained entirely through the impact of
the live steam delivered to the nozzles
against the buckets.

The steam ejected from the
nozzles of the De Laval tur-
bine reaches the almost unbe-

Rotor for a 7500 kva. turbo-

A Westinghouse automatic bleeder turbine, single flow, type

1200 RP.M.

A 2500 kw. turbo-generator umit in operation
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lievable velocity of from 2,000 to 4,000
feet per second. The latter ﬁgure is
equivalent to a speed of over three-
quarters of a mile per second. This
steam velocity would theoretically pro-
duce a rotor surface velocity of from
90,000 to 120,000 feet per minute,
which would involve a rota-
tional speed as high as 80,000
R.P.M. with a wheel 6 in. in
diameter. This tremendous
speed is too excessive for prac-
tical application and the ordi-
nary speeds of turbines of this
type range from 30,000 for the
smaller sizes to 9000 for the
larger types. Even these speeds
are far too high for direct con-
nection and the power is trans-
mitted through a train of spiral

l((( (
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side of the blades than on the entrance
side. A reaction Parsons turbine has
about three thousand blades compared
to 300 for a De Laval turbine of the
same size. The Parsons turbine, how-
ever, is by far the most efficient of the
two.

During the
passage of steam
through a tur-
bine there is a

£TEAM CHEST

(((((( ((C

w ) )W
(((( (( ( ((((C
J D) A

E((((( (

gears which reduce the speed to
the proper value. The speed is
reduced to 1/10th of its original
value by means of the gears.
The Parsons steam turbine
was first introduced in the year
1884, This machine originally
consisted of a number of discs
mounted upon a single shaft re-
volving as a unit between sta-
tionary blades. FEach disc has
blades or buckets mounted upon
its periphery. The method of
sandwiching the stationary blades with
the revolving blades is shown in the
illustrations. It will be understood
that the stationary blades are mounted
on the inside of the turbine casing. The
steam enters the turbine casing at high
speed and pressure and sort of ‘“el
bows” its way through- the spaces be-
tween the movable and stationary
blades. By refering to the sketch it
will be seen that the direction of the
steam is altered as it passes from the
stationary to the movable blades. A
turbine with the blades arranged as
described is said to be of the reaction
type. In this type of machine the pres-
sure of the steam is less on the exit

By-poss
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Int et
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Steam turbines are made to operate
on different pressures; high pressure,
low pressure and mixed pressure. High
pressure turbines operate at about the
same initial pressure as triple expan-
sion steam engines. Low pressure tur-
bines generally operate on the exhaust
steam of a reciprocating engine and
they are generally interposed between
the engine and the condenser. Mixed
pressure turbines operate on the exhaust
steam of engines which is sup-
plemented with live steam for
heavy loads.

Steam does not flow through
high pressure turbines .in one
continuous stream, but rather in
blasts or puffs at regular inter-
vals. These puffs of steam are
admitted by means of a cam on
the governor, a spring-operated
piston and a steam relay which
causes about three impulses per
second. The steam admission=>
are not throttled in proportion
to the load and at full load the
steam puffs merge into an al
most continuous flow. On the
larger machines an automatic
cutoff is placed on the steam

!

[T |

|

considerable thrust. This thrust is
overcome in the multistage machine by
three balancing pistons on the opposite
end of the rotor shaft. This arrange-
ment will be noticed by refering to the
sketches of the turbines. These bal-
ancing pistons are connected by pas-
sages to the different stages of the tur-
bine so that as the steam is passing
through each stage it will exert an equal
and opposite pressure against the bal-
ancing piston. In this manner serious
end thrust is eliminated. The balanc-
ing pistons never come into contact with
the cylinder in which they revolve and
there is little added friction to the mo-
tion of the rotor.

o+ Dummres Single Flow ----.

Reaction Element

Reaction Element /*

== Equrhidrium Pipe

Section ot a Parsons Type

Smg\e-FlowTurbme

Reactron Element ...

Exhoust -

====-~Impulse Wheel!

|

The arrangement of the blades and valves on a Curlis turbine

= s
Norzle Chamber

line which will cut off the sup-
ply if the speed of the turbine
gets beyond a certain predeter-
mined limit.

The Curtis type of steam turbine is
assumed to be a combination of the
principles of action of the De Laval
and Parsons types, in that the first im-
pact of the steam is from a series of
several expanding nozzles in groups of
two or three, at equal distances around
the revolving wheel directly upon the
revolving blades and from a reaction
by a fixed blade disc, and in that a
further impact occurs upon the second
revolving wheel blades, the steam thus
expanding through two or three stages
and terminating in the condenser. The
vertical arrangement of the shaft with
the horizontal range of motion is one

--==Impulse Wheel

= Dumnmy

- Reactron Element
—_—

- Exhoust

Section of a Combination Impulse and

Reaction Single ~Flow Turbine.

Nozzie Chomber
Reaction Element

Exhaust —

Section of a Double-Flow Turbine.

Impulse wheel _. Reaction Element

~&Exhoust

Section of a Double-Flow Turbine.
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of the distinctive features of the Curtis
type of steam turbine.

One of the drawings shows the ar-
rangement of the steam chest valves
and nozzles, and moving and stationary
blades for a Curtis turbine. The most
vital point in a steam turbine are the
buckets since they, and the spaces be-
tween them, must be shaped exactly
right to give the correct direction of
flow and highest mechanical efficiency
and also provide for the progressive ex-

e
L
e

The arrangement of the blades in a turbine

Stati
B/ad:;m v

Stationary
Blades

Stationary
Blades

pansion of the steam. The buckets or
blades for the Curtis turbine are cut
out of the solid metal by a special
bucket cutting machine.

In the following lines will be found
a more detailed outline of the various
turbines and their principles of action.

In the reaction turbine approximate-
ly one-half of the expansion in any one
stage takes place in the stationary
blades, imparting to the steam a veloci-
ty substantially equal to that of the
moving blades so that it enters them
- without impact. The remainder of the
expansion takes place in the moving
blades, the spaces between which grad-
ully grow smaller from the inlet to the
‘exit side of the turbine forming a ring
of moving nozzles. The velocity im-
parted to the steam by reason of the
expansion occurring in the moving
blades produces a reactive effort on
these blades which turns the rotor of
the turbine. This effect is very simi-
lar to that produced by water issuing
from an ordinary hose nozzle.

In the turbines of the impulse type
the complete expansion for any one
stage takes place in the stationary
blades or nozzles and the steam is de-
livered to the moving blades with a
velocity somiewhat more than double
that of the blades. The passages be-
tween the moving blades are of uniform
or even slightly increasing cross-sec-
tion from inlet to outlet. The moving
blades check and reverse the velocity
of the steam current and the reluctance
of the steam current to having its di-
rections and velocity altered gives rise
to a force against the blades which sets
the rotor in motion.

Each of these two general classes of

turbines has its partisans and doubt-
less always will have. The modern
practice in turbine construction seems
to be in the direction of a combination
of the two types.

The use of a single impulse for the
first stage of the expansion is desirable
inasmuch as it replaces without any ap-
preciable sacrifice of economy a con-
siderable number of rows of reaction
blading in the least efficient part of
the reaction turbine, and makes possible
a shorter and consequently stiffer rotor.
For the intermediate and low-pressure
sections, in which the volume of the
steam is sufficient to require reasonably
long blades moving at considerable ve-
locities and extended. experience con-
firms the belief that reaction blading
has a decided economic advantage.

The all-impulse type necessitates a
rotor built up of discs mounted on a
shaft of smaller diameter in order that
the circumferential clearance between
the shaft and the diaphragms separat-
ing the pressure chambers may be as
small as possible so that the consider-
able pressure drops between adjacent
stages will not cause too much leakage

In the reaction type the pressure
drops between adjacent stages are very
much smaller and the body of the rotor
may be built up in the form of a hollow
drum. The drum construction is much
stiffer than the shaft and disc design
and it is believed much safer. When
a disc is heated it develops internal
strains that are impossible of calcula-
tion and which are liable to start cracks
in the metal, resulting in many in-
stances in complete rupture. On the
other hand, in a rotor made up of a
comparatively thin drum of consider-
able diameter and rings of large bore
no such strains are encountered. Again
the drum construction of rotor makes
the turbine very much more accessible
for examination and repairs. In most
of the later designs of Westinghouse
turbines the upper half of the cylinder
can be lifted without interfering with
the governor steam chest or pipe con-
nections.

Bleeder turbines are for use in plants
which are required to furnish not only
power, but also considerable and vary-
ing quantities of low pressure steam
for heating purposes. In these turbines
a part of the steam after it has done
work in the high pressure stages may
be diverted to the heating system and
the remainder expanded through the
low pressure blading and exhausted
into the condenser. In this way none
of the energy of the heating system, due
to the difference in pressure between
the boiler and the heating system is
wasted. On the other hand, if no steam
is required for heating purposes, the

turbine operates just as efficiently as.

though the bleeder feature was absent.

Steam turbines have been brought
into use for the propulsion of ships.

The real high speed of the turbine pre-
vented its being adopted for this use
for a long time. Finally a very effi-
cient reducing gear was developed
which made it possible to apply the
turbine in this field. These reducing
gears have been perfected to a point
where they transmit 9814 % of the pow-
er delivered to them. Turbines have
been designed to operate on low pres-
sure steam and these run on the exhaust
steam from the engines. On the great
steamship Olympic steam turbines are
fed from the exhaust of the compound
engines and a saving in fuel of from
12-15% is realized. The impossibility
of reversing the turbine makes it neces-
sary to install a separate unit when
running astern.

TIN AMALGAM

TIN and mercury combine readily
at ordinary temperatures. If 3
parts of mercury are brought into con-
tact with -1 of tin, 6-sided crystals of
tin amalgam are formed. Tin amalgam
is used for silvering looking-glasses.
When pulverized and rubbed on the
polishing-stone it forms a kind of
mosaic silyer. Electric amalgam may
be made by melting tin and zinc to-
gether in various portions in a porce-
lain crucible. The mixture is well
stirred up, and when on the point of
solidifying the mercury is added and
worked into the mass. The whole is
next transferred to the, mortar warm
enough to keep the amalgam soft, while
it is well worked together, after which
a piece of tallow or lard, not quite the
equal in bulk to the mass, is kneaded in
until the amalgam attains the proper
consistency.

SILVER AMALGAM

THIS is best prepared by the use of

pulverulent silver obtained by the
reduction of silver solution. It may be
prepared by bringing a solution of
nitrate of silver in 10 to 15 parts of
water into a bottle, adding a few small
pieces of sheet zinc and vigorously
shaking for a few minutes. The silver
separating in the form of a very fine
black-gray powder need only be washed
and dried to be suitable for the prepa-
ration of amalgam. This finely divided
powder may be directly dissolved in the
mercury, though it requires some time.
The object is more quickly attained by
heating the mercury nearly to boiling in
a crucible, then throwing in the pul-
verulent silver and quickly combining
the mass by vigorous stirring with an
iron rod.

WATCH

Watch for the announcement of a
new contest which will appear in one
of the early numbers of EvErypay EN-
GINEERING. This announcement will
greatly interest all men who use tools.
Several very substantial and worth-
while prizes are to be offered.



12

Everyday Engineering Magazine for April

Model Car Trucks

Two-and-a-half Inch Gauge

By Henry Greenley

Associate Member Institute of Locomotive Engineers, England

UITE recently the writer has
been required to design and
make patterns for some really

satisfactory bogies for certain well fin-
ished “working” models of British
Pullman cars. These trucks naturally
embrace most of the characteristics com-
mon to American railroad practice and
- the accompanying drawings have been
therefore rearranged in line with U, S.
A. conditions and also slightly modi-
fied to suit amateur construction,

The trucks are of the over spring
equalized type and as detailed in the
drawings herewith require three pat-
terns only viz: the side frames, stretch-
er or bolster, and the combined equal-
izer and axleboxes.
the amateur to build the trucks from
castings and make his own patterns
even if a small number of trucks are
required and all parts can be cast in,
gunmetal (bronze) thorughout if fine
soft cast iron is not obtainable for the
frames and bolster. With regard to the
wheels, these may be in cast fron or
turned from mild steel discs cut from
the bar.

The chief feature of the trucks lies
in the arrangement of the equalizer and
axleboxes and in the attachment of the
bolster to the car body. Although the
wheels and equalizer can take up the
position shown in an exaggerated de-
gree in the sketch, Fig. 3. The bolster
is provided with a half round trans-
verse rib on its upper surface. This
rib bears on a metal plate attached to
the underside of the car transom beam
and gives lateral stability to the truck.
any direct side roll being taken up en-
tirely by the equalizer springs. The
truck is, however, quite free to rise and
fall at the ends to accommodate itself
to longitudinal waves in the track—i.
e., such as are encountered at changes
in gradient. The position taken up in
Fig. 3 would therefore not be possible
except in a slight degree, depending on
the restraining action of the rubber
"washer fitted in the recess in the under-
side of the bolster casting under the
head of the pivot screw or bolt.

The combination of the equalizer
side springing with the “scale-beam”
type of support for the bolster should
provide for the roughest track and at
the same time prevent the coach body
from oscillating in a lateral direction.
Nothing looks so bad as to see a model
coach—and many do this—*‘dithering”
and wobbling from side to side as it
proceeds along the railroad.

To provide for the action indicated
in the rough sketch, Fig. 3, rectangular

It is advisable for

holes in the side frames of the truck
should be sufficiently free to allow the
combined equalizer and axlebox to take
up the position shown and to this end
the sharp corners of the square boxes
may be chamfered off to a substantial
amount where they pass through the
opening in the side plates of the truck.

Of course, separate boxes could be
used but if the prospective maker of
these bogie trucks is anxious to get say
a train of four or five cars ready—this
means 40 axleboxes—he will welcome
anything in the nature of labor saving.
With a view to the future use of the
patterns one is always requiring bogie

This is the third installment of Mr.
Henry Greenley's series’ on model rail-
way engineering. During the past two
years the Editor has received a multi-
tude of inquiries relative to the con-
struction of model car trucks and he
hopes that this article sets forth all
of the mecessary information on the
subject. —EDITOR.

trucks in the equipment of a model
railway—and to obtaining clean cast-
ings metal patterns are recommended.
For the side frames a piece of sheet
brass 14 in. thick should be cut out to
the shape required by detail drawing
Fig. 5 allowing for sand “draw” and
providing for shrinkage (3/16 in. to the
foot, approximately). On this the three
inside blocks may be silver soldered or
soft soldered and riveted. The raised
horn plates may then be cut out of
1/16 in. sheet and soft soldered on,
the plates being further secured by
countersunk screws driven from the
back with their points which should be
nicely rounded projecting through the
front to indicate rivet or bolt heads in
the final castings. The openings for
the axleboxes should be arranged for in
the pattern but enough metal should be
provided for filing to size and “draw”
on the sides of the hole should also be
ample,

In soft soldering several parts to one
base successive heats are necessary, and
care should be taken not to oxidize or
“burn” the surfaces and the solder by
overheating. The temperature to which
the metal is raised should be sufficient
to just melt the solder. Parts fixed in
the previous heats should be screwed or
riveted to secure them in the succeeding
ones. To hold several parts together
during the soft soldering operation,
strip steel clamps, as sketched in Fig. 4,
will be found extremely useful.
liness is necessary to successful solder-
ing, and a certain amount of practice
is required to produce a satisfactory

Clean- -

pattern. When completed it should
have nicely rounded corners and such
fillets—which are essential to sound
clean castings — may be obtained by
floating soft solder wherever it is re-
quired to form a fillet. Another point
to observe is that soft solder cannot
follow silver soldering until the whole
of the work is recleansed. To remove
the burnt borax the object should be
warmed (a black heat is sufficient) and
immersed in a pickle of sulphuric acid
and water, strength 1 to 20. The pat-
tern for the equalizer may be made out
of 14 in. x 34 in. brass strip, the ends
being silver soldered to plates made of
3/16 in. stuff. When shaped to
dimensions (plus allowances for cast-
ing shrinkage) the axleboxes may be
sweated on, also the small pieces form-
ing the spring bearings. These addi-
tions are similar in shape to the pieces
soldered to the side frames (see sketch
Fig. 4) and may be sawed out of 7/16
in. sound bar brass. To retain the
spiral springs in position the pattern
should provide for the small spring pin
shown in cross section drawing Fig. 6
and in Fig. 7.

If the latter course is adopted the
casting may be of L section in the center
to lighten it, although lightness in a
model truck need not be studied. A
little weight in wheels and trucks is to
be desired. The side frames are at-
tached to the bolster by three screws
(3/32 in. diameter) on each side, but
before the truck can be assembled the
work to the wheels and axles must be
completed, as the fixing of the side
plates secures the whole of the parts of
the bogie truck. It has been arranged
in designing the truck to make the
combined equalizer and axlebox (Fig.
7) quite flat at the back. These cast-
ings can then be quite easily finished by
filing, machining or “band-grinding”
the back and drilling 11/64 in. blind
holes for the 5/32 in. axle journals.
The rest of the casting, except for the
sides of the axleboxes and the all-im-
portant rounding of the corners where
the box passes through the side plate,
only requires fettling up to provide a
reasonably clean surface for the final
painting, -

The hole for the truck pivot bolt or
screw in the bolster casting should be
at least 1/32 in., if not 1/16 in. larger
than the pivot itself. The rubber washer
or disc will restrain the truck from any
display of sloppiness due to the clear-
ance between the hole and the screw
or holt, and at the same time the rubber
will allow of the equalizer action of the

(Continued on page 88)
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Systematic Lubrication and Maintenance

of Automobiles

An Exposition Dealing With the Importance of Giving an Automobile
Regular Care, and How to Inspect the Mechanism in a Thorough

Manner.

The Necessity for Periodical Lubrication to Reduce

Operating Expenses and Rapid Depreciation is also Made Clear
By Victor W. Pagé, M. S. A. E.

ORE automobiles come to an
untimely end by abuse than are
worn out by useful service and

more parts of the mechanism become
worn or broken by neglect than depre-
ciate from normal use. The average
motorist who looks after his own car is
apt to be neglectful and keeps the car in
operation as long as it will run. Even
the cheapest of automobiles represents
an investment of nearly a thousand dol-
lars, yet their owners do not always take
the care required to conserve the invest-
ment and lessen depreciation, which is
apt to be abnormally high because no
effort is made to give the mechanism the
care it deserves.

This is not always the fault of the
automobile owners, because in many
cases they have no idea of what parts
to inspect and what to look for even if
they do carry on a more or less hap-
hazard inspection of the power plant or
chassis mechanism. The care that an
automobile demands should not tax
even the busy man, as several hours per
week spent systematically will insure

that the car will be properly oiled and
that no serious defects will materialize
without giving notice in advance. The
instructions which follow are intended
to help the automobilist in caring for
the car in his charge and apply to most
standard cars. The subject of lubrica-
tion is considered first, then that of logi-
cal and periodical inspection.

Car Lubrication Important

Without question the subject of lubri-
cation is of more importance to an owner
than any other subject, because proper
lubrication contributes in no small de-
gree to keeping a not inconsiderable in-
vestment from depreciating too rapidly.
It does not suffice that the best of work-
manship and highest grade materials
are employed in manufacture. They
cannot give the owner that service he
has the right to expect if this feature is
neglected. The best of material will not
lubricate a bearing, and the finest work-
manship will not keep a piece of ma-
chinery out of the scrap heap if wear-

ing surfaces are not lubricated regu-
larly. Even slight neglect, not in itself
enough to destroy immediately, will
have damaging effect upon wearing
parts, and will cause not only increased
depreciation but lost time, increased
maintenance and operating cost, and a
performance not at all in keeping with
that which the automobile was designed
and constructed to give.

The instructions which follow can be
followed to advantage by drivers and
owners of practically all standard
makes of cars, though they will be sub-
ject to slight modifications as the ar-
rangement of the mechanism dictates.

Motor Lubrication

The oil reservoir, when empty, will
take two or three gallons of oil, de-
pending on the size of the motor. The
best oil to use depends on the type of
motor and the recommendations of the
manufacturer should be followed and
only lubricant of the best quality used.

~_OfL RESEVOIR-KEEP FULL OF OIL )
OIL EVERY S0OMILES —

EVERY SOOMILES FILL CUPS WITHCUP GREASE & TURN DOWN -

LUBRICATION ECEHART

\.' || =

500 WASHBALL JOINT EPACK WITHCUP GREASE — / o8
“ 500 - fiLcuPSWIHOL — e
1000 OIL SHAFT THRUHOLES - ————— — /" —
<1000 - FILL TRANS. WITHMDTOR O UP TOLEVEL PLUG- ag

IGO0 FILL PINON HOUSING WITH SOF T GREASE

1000 OW BRAKE ROCK SHAFT THRUHOLES

1000 PACK UNIVERSAL JOINTS WITHMEDIUM GREASE
S00 FILL CUPS WITHOL -

Chart showing localion of oil and grease cups on a popular light car, the Oldsmobile Six, also giving the periods when attention is needed
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The oil filler will be found located at
forward end of the motor on the left
side in most cars, though the locatien
will vary. Care should be exercised at
all times to see that the oil is kept be-
tween high and low marks on the gage
usually found at rear end of motor.
Watch oil circulation indicator on dash
carefully, and should it not register
when motor is running, investigate im-
mediately, ascertaining if the oil line is
stopped up, or if the reservoir is empty.
The oil reservoir should be drained
every five hundred miles through the
plugs located at rear of reservoir in the

starting and lighting system. One or
two drops of three-in-one oil injected
into the oil wells every thousand miles
will be sufficient. One of these wells is
located on the top of the distributor
housing, oiling the armature ball bear-
ing, the distributor plain bearing and
the oil wick in the timing lever body.
The other oil well will be found on the
extension of the end plate at the driv-
ing coupling, and lubricates the ball
bearing on that end of the magneto.
Oil cups will also be found on the bear-
ings of generator and motor of the
starting and lighting system.

lubrication of thé clutch is necessary if
a dry plate or cone clutch is used except
that the clutch throw-out bearing should
receive regular lubrication. This is
generally provided for by a large grease
cup located on the floor board, which
should be given one turn every morning
or noon.

Oil cups are provided on the steering
gear, and they should be kept filled with
a good grade of light oil. At each end
of the drag link is a socket in which the
ball of the steering arm operates, as well
as the arm on the knuckle arm. These
should be thoroughly greased at least
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Chart showing cross section of modern four-cylinder automobile depicts parts of mechanism that need regular inspection

bottom of crank case, and refilled with
fresh oil. The reason for this is ob-
vious; the grade of gasoline that is
being sold at the present time is such
that perfect carburetion is impossible
until the motor warms up, resulting in
considerable raw gasoline finding its
way into the oil reservoir, which grad-
ually thins the oil until it ceases to be
a perfect lubricant. For this reason,
heavy-bodied cylinder oils are often
recommended.

The oil system of modern automobiles
is nearly always the force-feed type and
pressure is maintained by a positive
gear-driven pump located in the bottom
of oil reservoir, generally to one side.
There is an oil strainer surrounding the
pump intake which should be cleaned
occasionally. This can be easily re-
moved for cleaning by simply taking
out cap screws or unscrewing a plug.
A grease cup is provided on the fan.
Fill this with grease weekly and turn
every day. Do not overoil the magneto
or the dynamo and motor of the electric

Chassis Parts

‘Grease cups are usually provided at
all points on the front axle where fric-
tion comes. Make sure that the grease
cups are filled with a high-grade light
grease free from acid and grit. Keep
reserve supply of grease in a tightly cov-
ered can so that no grit or dust can get
into it. If oil cups are used be sure to
keep these filled with fluid oil.

The bearings on the front wheels of
most cars are tapered roller forms and
may be lubricated with any light grease
or heavy oil if it is positively free from
acid. Plugs are sometimes provided in
the wheel for lubricating the bearings,
and' in addition the wheels should be
removed periodically, the bearings thor-
oughly cleaned with kerosene and re-
lubricated with light grease, using a
clean wooden paddle for spreading.

The transmission should be filled in
about 114 inches above center line of
the main shaft with a good grade of
heavy transmission grease or oil. No

twice a month. Grease universal joints
weekly with a good grade of cup grease,
using grease gun, and once every three
months joints should be completely
taken down, thoroughly cleaned and re-
packed.

Oil cups on brake flanges and grease
cups should be given attention once a
week. These lubricate the internal brake
cams of the rear axle. All external
brake joints should be given a few drops
of oil once a week. Fill differential
gear-case one-third full of heavy oil or
very light grease. Do not fill over one-
third full,

Every six months take out drain cup
in the bottom of case and thoroughly
rinse out old lubricant with kerosene
by pouring it in at top cap. After rins-
ing out with kerosene, then fill with
lubricant as above instructed. Rear hub
bearings on full floating axles can be
given sufficient grease by simply re-
moving hub cap and filling this with -
grease, then screwing back in position,
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This should be done about every three
months. Every six months the springs
should be taken apart and lubricated
with a good grade of grease mixed with
graphite. Spring-bolt bearings are pro-
vided with oil cups and should be oiled
daily. There are numerous other points
of friction such as control rods, cross
rods, rocker shafts, etc., not mentioned,
where a drop of oil occasionally will
materially benefit.

Daily Maintenance Routine

Engine: Examine all wiring termi-
nals for tightness. Clean magneto or
ignition distributor externally. Note
tension of fan belt. Inspect oil supply
in engine crank case. Inspect oil pump
for performing its proper function. In-
spect radiator water supply. Inspect
hose connection for leaks. Inspect
gasoline tanks for proper fuel supply.
Inspect fuel pipe line and all connec-
tions for leaks.

Brakes: Inspect for undue wear or
l60seness and tighten if necessary. In-
spect for proper operation. .

General: Inspect and thoroughly
clean all lamps. Inspect tires for air
pressure, cuts or damage. Make sure
spare tires are properly inflated. Tighten
all loose bolts and nuts.

Weekly Maintenance Routine

Engine: Inspect all wires for proper
support and freedom from damage.
Thoroughly clean engine externally.
Inspect all pump connections for oil
leaks. Inspect all water connections for
leaks. Inspect carbureter control con-
nections. Do not attempt to alter
carburetor adjustment unless this is
shown to be necessary when the truck
is in service.

Remove magneto or battery system
distributor cover and clean with gaso-
line and a clean cloth, Operate engine
at low speed and, with one wire at a
time separated from the spark plug in-
spect the spark given for length and ap-
parent hotness. Keep engine free from
carbon; inject tablespoonful of kerosene
into each cylinder, through pet cock or
spark plug holes. This should be in-
jected when the motor is hot and al-
lowed to stand over night. Remove,
clean and adjust all spark plugs.

Brakes: Inspect and thoroughly
clean and oil all brake connections.
Adjust if necessary.

Springs:  Inspect center bolt of
spring and spring clips for apparent
tightness.

Wheels: Inspect front wheels for
alignment with rear wheels. Inspect
tires for undue damage and wear. Jack
up wheels and inspect bearing adjust-
Inspect spindles and spindle
bolts. Inspect the steering rod adjust-

ment and all rod ends of the steering
linkage.

Clutch: Inspect entire clutch mech-
anism.

Transmission: Clean and inspect all
control connections.

Universal Joint: Inspect universal
joint for undue looseness and wear.
Clean and refill universal joint with
grease.

Differential:  Inspect differential
and propeller shaft bearing adjustment.

Body and Equipment: Inspect body
bolts, hood fasteners and all similar

General: Inspect transmission arm
bolts. Inspect front motor support
bolts. Inspect oil pan and transmis-
sion bolts. Inspect steering gear for
lost motion and lubrication. Inspect
speedometer drive.

ENGINE DRIVE FOR BICYCLES

N easily installed gasoline engine
drive for bicycles is not a novelty
in the United States, but those of do-
mestic design follow other principles
than those of a new German design
which is shown herewith. The power
plant is mounted on the front fork and

The Colibri drive for bicycles is a recent German development

bolts for apparent tightness. Inspect
tool equipment for completeness.

Monthly Maintenance Routine

Engine: Determine if carbon is
present in quantity in the engine. Ex-
amine and inspect engine for loose
parts, leaks, noises. Clean oil pump
screen. Grind valves if necessary.

Ignition: Clean magneto or distrib-
utor head, polish and adjust breaker
points. Inspect magneto or timer cam
for correct advance.

Clutch: Inspect clutch hub grease
tube. Inspect clutch operation. In-
spect clutch alignment.

Transmission: Clean externally and’
inspect for leaks, particularly the drain
plug and the rear bearing.

Springs: Thoroughly inspect and
clean spring shackle connections. In-
spect springs to ascertain damage, if
any.
Differential : Clean and inspect dif-
ferential housing for oil leaks. In-
spect brake arms and equalizers on dif-
ferential housing.

Wheels:. Remove hub caps and in-
spect for proper lubrication. Inspect
condition of bearings.

Universal Joint: Inspect universal
joint ring and yokes. Inspect housing
bolts inside joint housing.

pulls the bicycle by driving the front
wheel. The Colibri front drive is said
to reduce dangerous skidding, also the
weight will be less. It consists of an
air-cooled, four-cycle, single cylinder
engine of 134 H.P., mounted on a fork
frame of steel tubes. This is intended
to be attached beside the front fork of
the bicycle and is connected to the
bicycle frame by spring joints. The
vibrations of the engine are insulated
from the bicycle frame, which could not
stand such detrimental strains for a
long period owing to its light construc-
tion.

The engine drives a secondary shaft
through a short chain, this crankshaft
contains the clutching device and, from
this shaft, the chain wheel at the front
hub of the bicycle is driven with a
longer chain.

By releasing the clutch the bicycle
can be driven with pedals. The motor
has a high-tension magneto and jet
carburetor. The fuel tank is mounted
at the steering bar and from the handles
of this bar the throttle and clutch are
controlled by Bowden wire. To pre-
vent splashing of oil on the rider, the
back and top side of the fly wheel is
covered with a sheet metal guard. The
weight of the complete Colibri motor
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drive is 36.2 lbs. (16.5 kg.), the speed
ranging from 18 to 25 m.p.h. with small
fuel consumption that could be expected
from a low powered engine. This is
an interesting revival of the Clement
motor, a French design of over fifteen
years ago.

MORE COMFORT FOR THE
AVIATOR

HE pilot’s and navigator’s cockpit

in a recently devised machine in-
tended for long flights is fitted with
Triplex glass side windows and a floor
window in front of the pilot. Nor-
mally the seat placing allows the crew
to sit with their heads just clear of the
cockpit, but the design is such that the
cockpit may be converted into an en-
closed cabin. The seats are fitted with
clips which permit them both to drop
about a foot, and sliding doors are
pulled across the openings to close in
the cockpit. Some of the side windows
are made to open, and a pipe running
from the front of the radiator supplies
fresh air to the cockpit interior. Dual
control is provided, and the pilot has
two rudder bars one above the other, for
the two seat positions. There is a sys-
tem of pull-out tables for charts and
slots for instruments. The circular
opening for the pilot’s head is fitted
with an aluminum beading which is

liners can be made. The complete ma-
chine is also shown and the size of the
fuselage necessary to accommodate the
twelve passengers is clearly shown.
Illustrations of an earlier design have
been published previously in this maga-
zine, but the latest type is particularly
interesting in view of the improvements
that have been made and the luxurious
appointments of the “Pullman” body

Sl a_

_—

Luxuriously appointed cabin of Handley-
Page passenger-carrying airplane

LEAD BURNING

EAD burning consists in melting the
metals and causing the parts to
flow together and become joined with-
out the aid of solder. It requires con-
siderably more skill than any other
form of brazing or soldering. A long
step toward success may be taken by
the proper arrangement of the work.
It is usual to provide something which
may serve as a mold or guide for the
melted metal. For example, if two lead
sheets are to be united by soldering,
they are laid on a sheet of some non-
heat-conducting substance, such as
brick or asbestos. The work in the im-
mediate neighborhood of the joint is
carefully scraped so as to remove all
oxide or scale which would tend to bind
the melted lead and prevent it from
flowing freely. The metal at the seam
is heated by a very hot bit or the flame

from a blowpipe so that there is a uni--

form flow of lead across the seam. It
is sometimes necessary to add more
lead to the seam by melting a strip
held in the hand. A flame of some sort
is the most satisfactory source of heat
for the average lead burning job, be-
cause not only is the heat more uni-
form, but also more intense, and the

The Handley-Page twin-motored airplane is a converted bomber with a well-appointed cabin for passengers

graduated off into degrees for use with
a sextant. In the rear of the navigator
are cupboards for food.

It would seem quite possible even in
small single-engined machines to de-
sign a cockpit providing every facility
for piloting and navigation, which will
be thoroughly comfortable and livable
for the pilot as well as the passengers.
The accompanying illustration shows
the thorough ‘enclosure of the passen-
gers’ cabin in the Handley Page Lon-
don-Paris flyer, and shows how well
protected the passengers can be and
how luxurious the furnishings of air

provided for the accommodations of the
passengers who use the I.ondon-Paris
air route, '

The effect of temperature on the duration
of incandescent lamps has been the subject
of recent experiment. At 392° F. lamps
were used up in 40 hours, while at 36° F.
the duration was normal or better. This
explains the short life of lamps in luminous
signs, where being crowded together they
are kept at a high temperature,

A mixture of sodium silicate (water-glass)
baked in a kiln, forms a solid bonding ma-
terial, with a tensile strength of over 2,000
pounds to the square inch. It is said to be
used for abrasive wheels.

lead melts at the desired point before
the surrounding metal becomes suffi-
ciently hot to soften. There are sev-
eral types of blowpipe for this purpose
on the market. Some employ an alco-
hol flame, while others make use of
mixed hydrogen and air. The flame
is usually small, sharp-pointed, and
very intense. Lead burning is abso-
lutely necessary, and is insisted upon
in certain classes of work, for instance,
in lining tanks with lead for chemical
solutions, or for joining the grids and
lugs of storage batteries.
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~‘Building A Two;Passenger Seaplane

By Charles E. Muller, M.A.E.

PART EIGHT

FaBric COVERING AND ASSEMBLING
OF MACHINE

HE covering of airplane surfaces

has undergone decided changes,

principally in the improvement of
the material itself and the methods of
applying and doping the fabric. This
is far from being standardized. Each
manufacturer has his own method. Up
to about 1912 cotton and silk, oiled or
varnished, and some of the various rub-
berized fabrics then used for balloons
were experimented with. The princi-
pal objections with these were the dif-
ficulty in getting them sufficiently taut,
and the rapid deterioration by the oil
and gasoline from the motors. Also
they were weakened by the coating pro-
cesses then used. Cotton fabrics weigh

Consulting Aeronautical Engineer

machines, the fabric is lengthwise of
the wings with the seams, if any, near
the trailing edge. It may be tacked
along the rear wing bar by placing fill-
ing-in-strips between the rib cap strips.
The edge of the overlapping seam to
face the rear so that the air in the slip
stream cannot get under it. A brief
explanation of some of the character-
istics of fabrics that have been used
may help the amateur to select a sub-
stitute, a cheaper covering.

Substitute Covering Materials

Cotton muslins and percales are
comparatively strong and inexpensive.
Careful selection of the very best qual-
ity of closely woven unsized and un-
bleached grades, should test from 40 to
60 lbs. per inch. Sea Island and
Egyptian goods are the best cottons in

then cemented with dope or varnish over
the rows of tacks or stitches.

Dopes Used for T'reating Cloth

The history of the development of
dopes is an interesting one, but a few
pertinent facts will suffice for the needs
of the amateur. Those in use today
may be divided into two classes,
namely; those made from a base of
cellulose nitrate or pyroxylin and those
manufactured with a cellulose acetate
base. Both are dissolved in a suitable
solvent more or less a trade secret,
probably either alcohol of acetone.
Sometimes, other substances are added
to preserve its flexibility or to modify
the shrinkage.

The chief advantage of the acetate
dopes over the nitrates or pyroxvlin is

How cloth is cut on the pattern table to fit wing frames

from 1% to 4 ozs. per sq. yd. with a
tensile strength of 25 to 80 lbs. per
inch, depending on the weight.

Linen Widely Used

Closely woven linen, weighing from
3 to 434 ounces per sq. yd. with an
approximate tensile strength of 75 lbs.
per inch in the warp lengthwise of the
material to about 100 lbs. per inch in
the weft (crosswise of the material), is
now almost universally used. This is
carefully fitted, and smoothly but not
too tightly stretched over the frame
work. From 3 to 5 coats of cellulose
dope is then applied and finished with
a coat of spar varnish. On the large
airplanes the fabric is applied so that
the warp and the weft run diagonally
and tacked or sewed on to the cap strips
top and bottom of each rib. This tends
to assist in stopping and ripping or
tearing of the fabric. On the small

strength and durability. I believe
these are used exclusively in pneumatic
tires in which the stresses are lit-
erally terrific. Cottons are susceptible
to rapid deterioratjon by the elements
especially moisture, therefore must be
waterproofed by a “dope” explained
later and spar varnished.

Rubberized cotton balloon fabric 36"
to 50" wide, weighing 234 to 4 ozs.
per sq. yd., formerly sold for 90 cents
to $1.50 per yd. It is now seldom used.

The fabric on an airplane sustains an
average load at the C. P. (center of
pressure) of approximately 20 lbs. per
sq. ft. at seventy miles per hour. Abouit
75% of this is exerted on the upper
surface of the wings so it is therefore
essential that this surface be properly
fastened to the frame structure by cop-
per tacks closely spaced or sewed to
the cap strips by copper wire or flax
cord after the 2nd or 3rd coat of dope
is applied. Tape or frayed strips are

Slipping cloth covering made in the form of a bag over wing frame

the reduced inflammability of the
former. This will probably be appre-
ciated to a greater extent for commer-
cial machines, although the initial
cost of cellulose acetate dope is greater.
Some manufacturers apply three coats
of the pyroxylin followed by two or
three coats of the acetate. This gives a
fire-resisting surface even though the
doping is not non-inflammable all the
way through.

The writer built a Farman type ma-
chine in 1911 that was covered with a
single surfaced six-ounce cotton duck.
It was stretched tightly over the frame-
work with a pocket for each rib and
wing bar. One coat of hot paraffine
was applied with a stiff brush as rap-
idly as possible, then ironed with hot
irons top and bottom. This machine
was considered fairly efficient in the
pioneer days. This method is purely
experimental but may be worthy of
further exploiting.
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Some engincers recommend stretch-
ing the fabric on the frame as tightly
as possible, then use a dope of slight
shrinkage power, others stretch the fab-
ric less taut and depend on the dope to
shrink the fabric taut. Personally I
favor an intermediate course especially
for this seaplane. The frame construc-
tion of this plane was consistently de-
signed so far as practical to eliminate
the sewing of the fabrics and the easy
attachment thereof.

made by Zahm, Libbous, and others.
The desirable properties of a good wing
surface may be summed up as follows:
It should be taut, smooth, water- and
fireproof with dope adhering well to
the fabric.

The fabric should then be well doped,
the first coat should be well brushed in
especially along the edges and the cap
strips. It should be carefully rubbed
down with No. 0 sand paper and well
dusted. The last coat may be heavier

Stitching pieces of cloth together to form a bag to be used as airplane
wing covering

Securing Fabric to Frame

On the main wings the fabric may
be tacked to the entering and trailing
edges, and along the rear wing bar,
where cut out for the ailerons. The
aileron stabilizers and elevators are
covered and tacked on the trailing
edges. The rudder covering is made
in the form of a bag and slipped over
the frame and tacked to the rudder
post and under the part that extends
over the stabilizer.

The fuselage and the turtle back
cover may be covered with an inferior
grade of material and tacked where
convenient, then doped, similar to the
other surfaces.

Smooth Surfaces Important

The importance of a smooth aerofoil
surface is of far greater aero-dynamical
importance than most practical men
realize. This has been empirically
demonstrated by wind tunnel tests

than the others or may be a spar var-
nish of a grade that is recommended
for seaplanes.

The tape or frayed strips should be
applied after the third coat. If any
patching is necessary the spar varnish
must be removed with mineral wool
and the doped surface well washed with
the proper solvent. The patch is then
well doped, two coats or more then ap-
plied. The dope will then act as a
cement. After the dope has set, varnish
may be applied to the patched area to
protect it. ’

ASSEMBLING

When assembling we may divide the
airplane in three units, firstly, the
fuselage, with or without the motor,
usually with the landing gear in posi-
tion, the tail placed on a wooden horse
so that the upper longerons are hori-
zontal (level); secondly, the wings or
cellulose in twe sections (right and
left); thirdly, the empennage or tail
surfaces including the elevators and the

horizontal stabilizer vertical fin, and
the rudder. The rudder and vertical
fin are usually left attached to the
fusclage when transporting or storing
the airplane but they are considered a
part of the empennage. The next in-
stallment will explain the common
method of truing up the fuselage, em-
pennage and cellule.

The horizontal stabilizer is fastened
on the longerons by 2 3/16 inch U
bolts at the leading edge and braced by
two light 14 inch No. 20 gauge steel
tubing members from the trailing edge
to the stern post and from the enter-
ing edge to the longeron.

The vertical fin is then attached to
the stern post and to the horizontal strut
by 20 gauge steel plates. The rudder
and ele