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Testing the Largest Hoist

Some very interesting tests were made last winter on the electrical equip-
ment for the largest mine hoist ever buile.  The large motor (at the richt of
the picrure) is to be direct connected to the hoisting drum and must be revers-
ible.  Current for this motor is furnished by the motor-generator set, and
the moror is controlled and reversed by controlling the field current of the
generator.

The heavy fly wheel on the motor-generator set compensates for the peak
loads of the hoist.” Its action is controlled by the auromatic regulator which
consists of a motor operated warer rheos=ar connected in the sccondary of the
induction motor driving the ser.  As the load increases, the resistance of the
water rheostat is increased.  This allows greater slip in the induction moror so
that the flv wheel carries the overload.

All these tests were made by student engineers.  The Student Enginecrs
Course of the General Ele Company ofers an exeellent onvortunity for the
engincering graduate to sceurs practical experience.  See fucure issues of this
publication for further informasion.

General Electric Company

Largest Electrical Manufacturer in the World
General Office, Schenectady, N. Y. Sales Offices in fifty-four cities

4076
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SAVE 20%
On Your Books and Supplies

By Joining
The Co-0p
The store owned and operated by students
We solicit your mail orders

THE Co-op

R. E. BOLTE, Mgr.
508 State St. Madison, Wis.

The name to remember when you order

A WIRE ROPE
Why? Because it has stood for the best

in materials and workmanship since
wire rope was first used in America

John A. Roebling’s Sons Co.

Trenton, N. J.
Chicago Branch: 171-173 LaKe Street

Kindly mention The Wisconsin Engineer when you write.
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Milwaukee Mixers Lead
and Why Shouldn’t They?

When You Get 1009) More Value
For Your Money

Insist on a Milwaukee for Your First Job
and the Assurance of Your Success will be
Increased 100%

Rosebery says:

“It means a Milwau-
kee in the end. Why not
now?

Mixer Gompany
Milwaukee, Wis., U. S. A.

STEAM TURBINES
HYDRAULIC TURBINES
Transmission Machinery

STEAM ENGINES
GAS ENGINES

MOTORS
CRUSHERS

Flour Mills. Saw Mills

Mining and Cement
)

' __ Machinery

Y

Low Pressure Turbine--Diamond Rubber Company

ALLIS-CHALMERS MFG. COMPANY

GENERAL OFFICES—MILWAUKEE WIS.
Offices in all Principal Cities
For all Cinadian Business refer to Canadian Allis-Chalmers Ltd., Toronto, Ontario, Canada.

FOREIGN REPRESENTATIVES :

Frank R. Perrot, 204 Clarence St., Sydney, N. 5. W.

Frank P. Perrot, 883 Hay St., Perth, W. Australia.

H. I. Keen, 732 Salisbury House, London Wall, E C., London, England.
Mark R. Lamb, No, 87 Galeria Beeche, Casilla 2653, Santiago, Chile.

Kindly mention The Wisconsin Engineer when you write.




Volume 18 Founded 1896 Number 5

The Wlisconsin Engineer
$1.00 a Year 20c a Copy

Copyright 1913 by the Wisconsin Engineering Journal Association. Ar-
ticles herein may be reprinted but in all cases proper credit must
be given.

Entered as second-class matter Sept. 26, 1910, at the postoffice at Madi-
son Wis., under the Act of March 3, 1879.

CONTENTS

FEBRUARY 1914

Page

IHigh Ilead IIydro-Electric Power Development in the
Sierrd Nevadas cus e v v o mmenmesna s v 0 o v s s v o n 193
Briquets and Briquet Making ........ ... ... ....... 212
Microscopie Study of Electro Deposited Iron........... 218
Simple Gyroseopiec Action......c.covieieviviivnnanns 226
With the AJUmnd o .vvwverneevisiimnoiessioaaiasss 234
Fditorials ..o e 240

Published monthly from October to May, inclusive, by the
WISCONSIN ENGINEERING JOURNAL ASSOCIATION,
Engineering Bldg., Madison, Wis.

Ohairman—J. G. D. Mack, M. E., Professor of Machine Design.
Treasurer—M. C. BEEgE, B. 8., Professor of Electrical Engineering.
W. D. Pexce, C. E., Professor of Railway Engineering.

C. F. Bugagss, E. E., Professor of Chemical Engineering.

Address all communications to The Wisconsin Engineer.

Subscription price $1.00 a year if paid before February 1; $1.26 a
year after that date. Canadian subscriptions, $1.25 a year. Foreign
gubscriptions, $1.50 a year.




The Wisconsin Engineer

The New 4 Foot Smith “Mascot” Mixer

The new 4 foot Smith “Mascot” Mixer, retains the duo-cone
drum and other vital points of Smith Mixer design but combines with
themnewand unique features.

As engineers you will ap-
preciatewhat it means to have
the big drum gear and main
rollers entirely covered by a
dust proof casing-to elimi-
inate main rollers and edge
rollers—to have a rope-less,
sheaveless, geared sideload-
er. These are a few of the
interesting features of the
“Mascot’”” Mixer but there
are others.  Let us send you
our “Smith Mascot” folder
No. 90-A.

THE T. L. SMITH CO0.

1154 32nd St.
MILWAUKEE - WISCONSIN

Your Instrument Needs

for every class of work can best be

accommodated by the unusually com-
plete line of

Bausch & Lomb
Engineering Instruments

They combine many original
features with practical efficiency
in all models. Write to-day for
our new complete catalog,
containing full descriptive and tech-

No..0555 inch Transit; relnforced truss standards; cyllnder nlca] matter Of exceptlonal mterest.

axis bearings; variable power eyepiece; tubular compass needle

Bausch g5 [omb Optical (©.

1EW YORK WASHINGTON CHICAGO SAN FRANCISCO

LONDON ROCHESTER.NY FRANKFORT '

Kindly mention The Wisconsin Engineer when you write,
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Drawing Inks || Emancipate yourself from

Eternal Writing Ink | the use of corrosive and

Engrossing Ink ill-smelling inks and adhe-

Taurine Mucilage sivesand adopt theHiggins

"—__i.ﬂr Pheto Mounter Paste || Inks and Adhesives. They
{q Drawing BoardPaste will be a revelation to you,
‘”‘JL |l Liquid Paste they are so sweet, clean
Office Paste well put up, and withal so

Vesgetable Glue, Etc. efficient. For home, office

5 or school use they i-
w27 Are the Finest aud Best Goods of their kmd dalprabest,
At Dealers Generally

CHAS. M. HIGGINS & CO., Manufacturers,
Branches, Chicago, London. 271 Ninth St., BROOKLYN, N. Y

ROLLED FROM BEST QUALITY STEEL OVER 50,000 MILES IN USE

Continuous Joint Weber Joint Wolhaupter Joint
M P
THE RAIL JOINT CO., \Ew"i0’% &%
Makers of Base Supported Rail Joints for Standard and Special Rail

Sections, also Girder, Step or Compromise, Frog and Switch, and Insu-
lated R ail Joints, protected by Patents.

THE VILTER MFG. CO., 966 Clinton St.,

Milwaukee, Wis.

ESTABLISHED 1867

BUILDERS OF ALL SIZES
Corhss Engines

AND ——

High P:;es-ure Corliss (Engine Ice MaChlnes

NUBA0N,

dfundum (tystolon

GRINDING WHEELS

The success of these wheels in the various kinds of grinding tends to prove that they come nearer the maximum
both in long life and fast-cutting quality —maximum efficiency —than auy other grinding wheels.

New York, N. Y. NORTON COMPANY Niagara Falls, N. Y.

Chicago, Ill. Worcester, Mass. Chippawa, Oat., Can.

Kindly mention The Wisconsin Engineer when you wrile.
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ANDRAE, THE ENGINEER’'S MART

For fifty-three years Andrae has been the one dependable spot for engi-
neers to rely on for their

Electrical Construction Materials

No matter what it is you want—anything from an esti-
mate to 10,000 feet of cable, you can depend on prompt-
ness and despatch.

7,
% Send for our catalog and try us on your next installation
NI ; "
%,. Julius Andrae & Sons Co.
Milwaukee, Wis.
(SRS b e R B e e |

Mechanical Drawing Instruments
Richters—Dietzgen Instruments

Send for our complete drawing instrument catalogue

Ph. Gross Hardware Co.

Milwaukee, Wis.

WESTON

MINIATURE PRECISION INSTRUMENTS
For Direct Current

A new group of very small Indicating Instruments, Compact, Accur-
ate, Durable, Beautiful.

PORTABLE Vo tmeters, Millivoltmeters. Volt-ammeters, Ammeters, Mil-
Ammeters, are supplied in single, double and triple ranges, the triple range Volt-
Ammeter comprising SIX instruments in one.

This group also includes Battery Testers.
SWITCHBOARD Voltmeters, Volt- Ammeters, Mil-Am

This new line of Instruments represents the
latest development of the pivoted coil, perma-
nent magnet type for low ranges.

The refinement of design and mechanical work

in them has beenhtar;ied to a dex]:lee \:hich

. o would appear to be almost impossible of ac-

%3;‘!?&5?\.3{:%&]&:&}8 complishment, if the results were not evident
(one-quarter size) in the instruments themselves.

The several models and ranges offer a selection Model 267, Switchboard
from over 300 differentcombinations. Ammeter (quarter size.)

Bulletin No. 8, giving full information will b2 mailed upon request

Westor Etectibcald Frsbwmend Co,

Toronto, 46 Bay St. NEWARK, N. J.
Montreal Winnipeg | Northern Elec. & Mfg. Co.
Calgary Vancouver

Kindly mention The Wisconsin Engineer when you write.
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ENGINEERS!

When you are in need of Photographic
services of any nature, we will appreci-
ate your patronage.

The Photo Shop

521 State Street (Up-stairs)
W. L. McKillop, Magr.

Commercial Work Amateur Finishing
Flash Lights Enlarging
Groups Lantern Slides

Samuel Harris & Co.

Machinists’ and Manufacturers’

Tools and Supplies

114-116 North Clinton Street

CHICAGO
JOSEPH M. BOYD, Prest. H. L. RUSSELL, Vice Prest. FRANK KESSENICH, 2d Vice Pres.
CHAS. O’NEILL Cashier IRVING E. BACKUS Asst. Cashier at Branch Bank

BANK OF WISCONSIN

MADISON, WISCONSIN
Capital - - = - $300,000.00
Surplus - - - $60,000.00

SAVINGS DEPARTMENT

SAFETY DEPOSIT BOXES FOR RENT AT REASONABLE PRICES
(Branch Bank Located Corner State Johnson and Henry Streets)

Kindly mention The Wisconsin Engineer when you write.
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Fconomy 1s the Saving of Unnec-
essary Expense

The importance of Northwestern dividends is well shown by the
10 Payment Life Policy, which is identical with the 20 Pay Life and
the Ordinary Life except in number of premium payments.
Face of policy (amount of insurance) $1,000 Age 22

Annual Premium $47.69 Policy year Dividend Net Cost

1 $6.03 $41.66
D bk BB T & semes o me i e & v & i o wENE 8 6.52 41.17
B i s 0 s w G SOR ISR 1 S SUENE ST 3 7.02 40.67
T 7.54 40.15
B e v v v o pA T SR § SO SN SN SEE 8 3 8.07 39.62
B 8.63 39.06
T v o Das's 9807 P60 % 1A% BEnd 5008 fes = - 9.21 38.48
S 9.80 37.89
D i ounn v IEE F EE % B soe s st s e & 1 10.42 37.27
10 11.06 36.63
Total amount deposited with Company. .....$392.60

At end of ten years premium payments cease, dividends con-
tinue, and the insuranee remains in foree.

The figures furnished bty the Company for the first six yvears in this
illustration represent the dividends payable in 1914 on policies issued since
January 1, 1908 (when its present premium rates were adopted), and those
for later policy years the dividends that will thereafter be paid, provided
the same dividend basis remains in effect.

Any change in the dividend basis will necessarily change the amounts
of future dividends. The following figures therefore must not be considered
as promises or estimates of future results. Their purpose is only to show
the dividends the Company is now paying or such as it will pay if its present
dividend basis be continued.

If You Want Northwestern Dividends You Must Buy

Northwestern Policies

Send the coupon for further University Agency
) ) Pearson Bldg.,
information to Please send me information regarding

Northwestern insurauce.

J' P' Davies, Manager’ or NI B sveemisons amvssin Soesm s amisiy SRoHE §
Call No. 4831 AGEPeSS «vvenneinnr e s

Kindly mention The Wisconsin Engineer when you write.
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A HIIGH HEAD HYDRO-ELECTRIC POWER DEVELOP-
MENT IN THE SIERRA NEVADA MOUNTAINS,
CALIFORNIA.

Warter K. Jessup, "12.

At Big Creek, California, the initial development of one of
the most interesting power schemes in the country is being com-
pleted. The interest is because of the very high head used, the
large amount of power to be obtained from a comparatively
small flow of water, the extreme length of the transmission line
and the unprecedented height of the transmission line voltage.

Big Creek is an eight-mile tributary of the San Joaquin river
which rises in the snow capped Sierras at an elevation of about
8,000 feet and is located in Fresno county seventy miles east of
Fresno. The upper reaches of Big Creek flow through a moun-
tain meadow, which by the construction of dams across each of
the three natural outlets forms a basin or lake of nearly 125,-
000 acre feet capacity. The lake thus formed is about four and
one-half miles long and one-half mile wide.

On the north and east of this basin the snow clad peaks rise
to elevations varying from 9,000 feet to 11,000 feet enclosing a
drainage area of eighty-eight square miles. The warm moisture
laden winds from the Pacific Ocean striking this high barrier are
here relieved of a large part of their burdens and this accounts
for the high annual precipitation on this drainage area, usually
amounting to over eighty inches, The run-off from this drain-
age area, a large part of which is heavily forested, is about fifty
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inches annually, The basin contains sufficient storage to de-
velop 80,000 H. P. at fifty per cent. load factor for 180 days
with no water flowing into it. The run-off records covering a
period of several years show that with this storage sufficient
continuous flow to develop 90,000 II. P. at fifty per cent. load
factor can at all times be expected. The initial development of
80,000 II. P. requires approximately 240 second feet for peak
load.

Fia, 1.—Dam 3, the Basin Lake and the Intake Tower Leading into
Tunnel No. 1.

The site of this development is in a rough, rugged and wooded
country fifty-six miles from the nearest railroad connection and
the transportation of the 50,000 odd tons of cement, the machin-
ery, materials and supplies presented the first big problem. The
difference in elevation between the main line of the Southern Pa-
cific R. R. at El Prado and the site of Power IHouse No. 1 is some
4,400 feet. It was deecided early that the usual methods of
freighting in this distriet by twelve and sixteen-horse freight
wagons was out of the question because of the difficulties, the
length of time required to make a trip and the excessive cost.
Winter conditions in the mountainous distriets made the rate
as high as $20 per ton. Tt was estimated that with a twelve-
horse freight team arriving every ten minutes day and night
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on the site it would require four years to get the necessary
freight in.

Acecordingly a standard gage railroad was built from Il Prado
to the site of Power House No. 1 at Cascada. The railroad has
been incorporated under the name of the San Joaquin & Kast-

¥ia, 2—Hoist No. 1 Leading from Cascada to the Basin Maxvmum
Gradient 85 Per Cent.
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ern R. R. as a common carrier under the laws of the state of Cal-
ifornia. For half of the distance the route leads through an
easy rolling country where twenty degree curves and two and
one-half per cent. grades are the maximum but after leaving this
flat lower country at Auberry the railroad starts a rapid ascent
as it enters the Sierra National Forest Reserve and follows the
grade contour of the country very closely with sixty degree
curves and five per cent. uncompensated grades for the maxi-
mums, Sixty-ton Shay locomotives of the geared type are re-
(uired for the mountain division and have given very satisfac-
tory service. This division might well be called the Route of a
Thousand Curves and the natural scenery is of a tourist attract-
ing beauty and grandeur. The time required for the building
of the road, including the location surveys, the purchase of right
of way, the arrangements for government permits and actual
construction was but 165 days and probably sets a record for
rapid railroad building in difficult country.

At Cascada a complete railroad yard was laid out and con-
neeted with a standard gage hoist which operates up the 2,000
foot bill to the basin above. The top of the hoist, nearly 5,000
feet long, is connected with a railroad of some seven miles of
tracl, connecting the dams, the gravel pit, the saw mill and the
various camps in the basin. Kight construction locomotives and
a full equipment of dump, flat and gravel cars handled the ma-
terial for the construction of the three dams located here,

The floor of the basin is at an elevation of 6,800 feet and the
plans for the initial development ecall for a water elevation in
the lake of 6,915 feet. Dam No. 1, the largest on the project, is
built across the outlet through which Big Creck leaves the mea-
dow and is 140 feet high at its highest point and 812 feet long.
The central portion of the dam is arched upstream with a radins
of 954 feet and connects the end sections or retaining dvkes.
The section is of the triangular gravity type with the upstream
face vertical and the downstream face stepped and roughened
to bond the concrete which will be added to the section when
the dam is ultimately raised fifty feet higher. The added fifty
feet of storage will supply the ultimate development at such time
as the market for power demands it. This dam is constructed
of mass concrete and large pudding stone and contains 59,000
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cubic yards of concrete masonry. Three forty-two inch diam-
eter sluice gates operated by hand from the top of the dam are
placed so that the lake may be drained and were used to control
the flow of Big Creek during the construction period. Dams
No. 2 and 3, located across the two remaining natural outlets
from the meadow, are of similar design. Dam No. 2 is eighty-
one feet high, 1,015 feet long, arched upstream to a radius of
800 feet and contains 27,000 cubic yards of concrete masonry
while dam No. 3 is 126 feet high, 450 feet long, arched to a rad-
ius of 625 feet and contains 31,000 cubic yards of concrete mas-
onry.

The excavations for the dams were earried to solid rock forma-
tion found from twenty to ninety feet below the surface.
Gravel was hauled in form a pit in the basin now covered by the
lake, by locomotives on the railroad connecting the dams. Much
of the large rock and stone used was taken from the sites of the
dams and placed by stiff-legged derricks. Lumber for forms was
cut in a saw mill built for the purpose, the pine trees cut in
clearing the site of the lake being used. The motor-driven con-
crete mixers were located above the forms at an elevation high
enough to deposit the whole mass by gravity. Wooden chutes
led from the mixers to the space between the forms. The con-
erete plant was capable of depositing from 1,000 to 1,500 cubie
vards of concrete daily, the work being carried on continuously.
Provision was made in the tops of the dams for flashboards and
they have been installed, raising the elevation of the lake to
6.920, five feet higher than the top of the spillways,

Below the meadow the course of Big Creek is very precipitous
dropping 4,000 feet in six miles, all of which is available for
power. This drop is divided by nature into two mnearly equal
parts. the first 2,100 feet and the second 1,860 feet, and a power
house is now located at the base of cach of these power drops.
power house No, 1 being at Cascada, the end of the construction
railroad, and the other five miles farther down stream.

Water from the basin lake is taken into the tunnel and flow-
line pipe leading to the head of the penstocks of Power House
No. 1 through an intake tower located near the west end of Dam
No. 1. This tower is built of reinforced concrete with a twenty
foot internal diameter and a height of 104 feet. To prevent de-
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bris from passing in with the water the entrance, extending
from the top to the bottom of the tower, contains steel bar
screens,  The entrance screens are divided into three vertical
sections seven feet, six inches wide and are to be kept free from
clogging by debris by motor driven mechanical rakes designed
to operate over the whole area of the screens.

A nine-foot diameter gate at the bottom of the tower and op-
posite the screen controls the flow into tunnel No. 1. The gate
and its bearings are necessarily of heavy construction, the design
calling for a gate to stand the pressure head produced when
the lake level is raised to its ultimate elevation of 6,965, fifty

Fic. 3.—Lap Welded Penstock Pipe Showing the Tiwo Kinds of Joints,
the Flange Bolted and the Bell and Spigot Riveted.

feet hizher than the level of the present spillways. This would
produce a head of 140 feet on the gate and a total pressure of
some 275 tons. The disk is operated by two stems and the oper-
ating machinery is designed to open the gate under this maxi-
mum unbalanced pressure. However the pressure on the two
sides of the disk may be equalized by opening a twenty-four inch
diameter by-pass valve located just above the main gate and dis-
charging into a thirty-six inch diameter air shaft which leads
from the top of the tower to the tunnel. A foot bridge from
the top of the dam leads to the house on the top of the tower
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enclosing the rakes and gate operating machinery. The thirty-
six inch air shaft provides for an entrance for air when drain-
ing the tunnel and a ladder in it gives access to the tunnel for
inspection purposes.

The tunnel is twelve feet in diameter, 3,880 feet long and is
driven on a grade of two feet per thousand through a solid gran-
ite ridge along the shore of the lake. The tunnel has a eapacity
large enough to drive six 20,000 II. P. Pelton wheel units under
the 1,900 foot effective head available at Power House No. 1.
The tunnel has been made this excessive size to provide for fu-
ture installations in the power houses. After passing through
the ridge the tunnel connects with a 108-inch diameter pipe, one-
half inch in thickness, with double riveted longitudinal joints
and single riveted cireular seams, the connection being made
400 feet inside the portal. The pipe is securely anchored to the
bore of the tunnel and concreted into place with a pressure tight
joint. That part of the tunnel containing the pipe is lined with
concrete and is large enough in diameter to allow inspection of
the outside of the pipe. At the tunnel portal the 108-inch pipe
branches into two eighty-four inch outlets one of which is closed,
not being needed for the initial development.

From the other outlet an eighty-four inch pipe, capable of
supplying four-2,000 H. P. pelton wheel units, leads around the
grade contour of the mountain, 6,840 feet to the Lead of the pen-
stocks. This pipe is laid on a grade of eight and four-tenths
feet per thousand and as completed lies everywhere so that it
has at least one foot of earth covering for protection against
rolling rocks and freezing. Manholes for inspection purposes
are provided at intervals of 2,000 feet. The thickness of plate
varies from three-eighths ineh at the upper end to one-half
inch at the lower end as the pressure head increases. The longi-
tudinal seams of the three-eighths inch plates are double and
triple riveted as the stresses increase and the one-half inch
plates are all double riveted. This pipe was furnished by the
Willamette Tron and Steel Co.

The eighty-four inch pipe terminating at a point 1,942 feet
above Power House No. 1 and 4,500 feet thercfrom, divides here
into four forty-four inch diameter outlets two of which are
closed for the initial development. The remaining two outlets
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are connected through forty-two-inch hand and motor operated
valves direct to the head of the pressure penstocks. These valves
have electrical connection with the power house switeh board
below for remote control of the water leaving the flow line and
entering the penstocks. Just below these valves twenty-four
inch standpipes extend up the hill side a distance of 425 feet
and terminate in thirty-six inch vertical surge tanks extending
to an elevation equal to that of the water in the lake.

Just below the gate house for the two forty-two inch valves
the two penstock pipes begin their descent in two parallel lines

Fie, 4. —Power House No. 1 Completed Showing the Beginning of the
Transmission Line and the Tower Construction.

seven feet apart, with varying vertical and horizontal angles to
correspond to the topography of the steep and rocky slope to the
power house. The maximum slope angle is about forty-three de-
grees, corresponding to a gradient of ninety-three per cent., and
the minimum slope angle about five degrees corresponding to
a gradient of nine per cent. The pipes are of lap welded steel
tubes, manufactured and furnished by the Mannesman Rohren
werke of Dusseldorf, Germany. No lapwelded pipe of this size
and thickness has successfully been manufactured in this coun-
try to compete with that of German manufacture principally on
account of the price of labor, and it was deemed unwise to use
riveted pipe for the pressure produced by this extreme head.
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Each tube is about twenty-six feet long and varies from forty-
two inch diameter and three-eighths inch thickness at the top
to twenty-four inch diameter and one inch thickness at the bot-
tom. The sections vary in weight from three tons to seven tons
according to the thickness and diameter. Up to a head of 1,460
feet the joints are of a bell and spigot type, the circular joint
being made with a double row of rivets. For heads greater than
this bolted flange joints of special design with a rubber gasket
of five-sixteenth inch sectional diameter were used. For a given
diameter of pipe the thickness increases with the head until the
maximum allowable thickness of one and three-sixteenths inches
is reached when the diamter is reduced two inches and this diam-
eter used up to the maximum thickness again. This method was
used down to the 36”x26”x26” hreeches joint, 800 feet back of
the power house, where each pipe divided into two twenty-six
inch pipes, one pipe leading to each of the two nozzles of a unit.
Each pipe length was tested to one and one-half times the static
head required before shipment.

Just outside the power house each of the four twenty-six inch
lines conneet into twenty-four inech hydraulically operated
valves, this diameter continuing to the nozzles. These valves are
designed for a pressure of 1,000 pounds per square inch but
were tested out at 1,500 pounds per square inch without develop-
ing any weakness. They weigh 20,000 pounds each and were
manufactured by the Allis Chalmers Company of Milwaukee.
In order to facilitate the operation of these twenty-four inch
valves with an unbalanced pressure of nearly 200 tons when the
valve is closed, a four inch by pass is provided discharging into
the pipe leading to the needle nozzle beyond the valve, thus
equalizing the pressure on both sides of the main valve disk.

The power house is a reinforced conerete and structural steel
building eighty-four feet wide, 171 feet long and 103 feet high.
Tn it are built five floors and a basement, a stairway in the cen-
tral portion of the building making all parts readily accessible.
The room containing the main generating machinery extends the
whole length and half the width of the building, extending up-
wards to the fourth floor. A 100 ton Cleveland electrie travel-
ing crane is installed in this room for placing the machinery
and handling the apparatus. It was intended to use reinforced
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conercte as far as cconomical in the building but the great weight
of the transformers, oil switches, buss structures and switeh-
board above the main Hoor required structural shapes for an
economical design of the floors, and the conerete roof slab is sup-
ported on steel roof trusses. The present building is large
enough to house three 20,000 H. P. units, two of which are now
in place and has one end temporarily closed with expanded
metal lath and conerete plaster to allow of future extensions.
Each generating unit consists of a fifty-cyele 6,600 volt gen-
erator mounted between and on the same shaft with two pelton
tvpe overhung water wheels, one wheel being mounted on each

16, 5.—The Interior of the Main Operating Room Showing the Two
Units of the Initial Development Partially Installed.

end of the shaft. The shafts are hollow forged nickel steel,
twenty-seven inches in diameter at the rotor fit, twenty inches
in diameter at the bearings and twenty-nine feet in length. The
impulse wheels are ninety-four inches in diameter at the impulse
circle and have nineteen ecast steel buckets fastened to the nickel
steel wheel disk by three pressure fitted bolts. These are the
largest impulse wheels ever manufactured in this country and
operate under one of the highest heads in the world, The gen-
crator rotor and the two wheels were pressed onto the shaft with
a large hydraulie jack which serewed into the end of the shaft,
The rotor, shaft and water wheels weigh over 100 tons.
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The normal speed of the shaft is 375 R. . M. and the unit
generates 20,000 II. P. at this speed under the 1900 feet effec-
tive head. The rotating parts, however, are designed to stand a
runaway speed of 750 R. P. M. For purposes of comparison it
may be mentioned that the enormous turbines of the Keokuk
plant are capable of generating but 10,000 II. P. each, and are
of the same eapacity as one single 94" pelton type wheel of the
Big Creek Project. Each generator has a continuous rating of
17,500 kva at any power factor from eighty per cent. lagging
to a eighty per cent. leading current with an overload capacity
of 21,000 kva for one minute and 25,000 kva momentarily. No
larger generators of this type have been built.

The main shaft of a unit is supported on two self aligning bab-
bitted bearings twenty inches in diameter and sixty inches long,
one on cach side of the generator and between it and the run-
ners. The bearings are of the ring oiled water cooled type. The
clearance between the stator and the rotor of the generator is
so designed that while operating the electrical pull just about
halances the dead weight of the revolving parts and the thrust
due to the action of the jets on the wheels. When operating
under full load the water issues from the nozzles in jets five and
one-half inches in diameter and at a velocity of about 350 feet
per second. Tt is difficult to realize the energy in a jet of this
kind until one has had the opportuniy of seeing it in operation.

The nozzle is permanently fixed with respect to the bucket
cirele, and the needle, through the governing apparatus, regu-
lates the size of the jet to suit the load on the unit. The gov-
ernors, one for each unit, are of the automatic hydraulic oil re-
lay and hand operated type of the latest design, the fly ball
unit being enclosed and connected by belting to the main shaft.
An electrical connection between the main switch board and the
governors may also be used to adjust the jet diameter by operat-
ing the needle through the governor mechanism. The governors
are arranced so that either wheel of a unit may be operated
without the other although while generating more than 10.000
IT. P. both wheels will be operating and will be regulated sim-
ultaneously and equally by the governing device.

Should the load on a unit be suddenly thrown off or “‘lost™
the governor would suddenly close the jets and create and un-
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due water hammer pressure in the penstock line. To protect
the penstocks against this extreme pressure a pressure regulator
is connected to the inlet pipe back of the nozzle and can either

I'1e, 6.—Power Drop No. 2. The Hoist Line Appears on the Right and
the Penstock Idne on the Left Terminating at Power House No. 2
Located on the Creek Bank. Construction Camps Appear at the
Town, Half Way Down and at the Bottom of the Hill.
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be operated by the governor direct or used as a synchronous by-
pass. When acting as a by-pass the valve opens when the pres-
sure rises beyond the danger point and automatically closes as
it returns to normal. This type of regulating valve is of the
same capacity as a nozzle and the velocity of the water issuing
from it is absorbed by an energy absorber after which the water
discharges into the steel lined tail race below the main jets.

The two D. C. exciters located behind the main units, are
arranged for either water wheel or induction motor drive. They
are of 350 H. P. capacity and operate at 750 R. P. M, and 250
volts. Each execiter is of sufficient capacity to exeite both main
units. These small water wheels are 47 inches in diameter and
have twenty-four buckets bolted in place on the wheel rim. The
nozzle is fixed and the jet is one and five-sixteenths inches in
diameter. The speed is controlled either by operating the needle
nozzle by hand or by an automatic governor control. For a sud-
den release of load the water jet is deflected from the buckets
by a steel hood operated by the governing apparatus. The water
to supply these wheels is taken from an ecight inch header con-
necting the four penstock pipes just above the main twenty-four
inch valves and is brought to the nozzles in six inch pipes.

The exciting generator is of the interpole compound wound
type with the stunt winding arranged so that the two halves
may either be connected in series for self excitation at 250 volts
or in parallel for separate excitation by other regulating ex-
citer sets called agitators. An agitator set consists of a small
250 volt motor driven generator connected differentially to a
similar 125 volt generator to give 125 volts for normal excita-
tion but with a regulating range down to 0 volts. There are
two sets of agitators each of sufficient capacity to excite two
main exciters.

In the basement heneath the main operating floor the oil tanks
and pumps are located for the power house oiling system. The
214 inch rotary oil pumps are either motor or water wheel
driven, and take the oil from the main storage tanks and foree
it into the pressure tanks under a pressure of 200 pounds per
square inch. This oil under pressure operates the valves and
eylinders of the governors and then flows back through the filters
to the storage tanks. The pressure system is also connected to
the lower side of the main bearinge through a reducing valve so
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that oil under pressure may be foreced into the bearing before
the shaft has gained enough speed for the ring oiling system
to properly lubricate the bearing. This oil system also supplies
the transformers and the high tension switches.

The high tension electrical equipment is of interest, The
current, is generated at 6,600 volts and stepped up to 150,000
volts for transmission. These step up transformers are made
up of three single phase oil insulated and water cooled elements
carrying 6,600 volts delta connected on the low side and 86,700
volts Y connected on the high tension side. Each of these ele-
nments are fifteen feet in diameter and twenty-six feet high and
weigh when charged with the required 9,500 gallons of oil nearly
eighty tons. The 150,000 volt switches consist of three single
pole elements mounted in separate tanks of oil and are of the
remote control, non-automatie, electrically operated type. Each
switeh complete oceupies a space six feet by twenty feet ten feet
in height and weighs fourteen tons.

Just above power house No. 1 Pitman Creek, a tributary to
Big Creek, enters. It drains a small area adjacent to the basin
lake and the runoff therefrom ean be used to good advantage at
Power House No. 2 since the operating head is some 200 feet
less than at Power House No. 1 and will require, therefore, more
water for the same sized generating units. This water is col-
leeted and together with the water discharged from the power
house is diverted into tunnel No. 2 by Dam No. 4 which has been
built in the Big Creek gorge some 300 feet below the power
house.

The foundation of Dam No. 4 is on the exposed solid granite
formation of the narrow gorge and the dam is constructed of
mass conerete 73 feet high, 288 feet long and arched to a radius
of 150 feet. Tt is not of the gravity section and depends on arch
action for stability. The upper face slopes slightly upstream
from the vertical and the section is triangular in shape. A
seventy-two inch sluice gate is operated from the top of the dam
and was used during construction to control the flow of Big
Creek. Piers for supporting nine foot flash-boards are built on
the top of the spillway and with the sluice gate control the flow
of water going to power house No. 2 through the tunnel. The
elevation of the water in this small reservoir at the spillway ele-
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¥1a. T.—Laying Penstock Pipe on Line No. 2 Ninety-Three Per Cent
Grade Just Above Power House No. 2.
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vation of 4,814 feet may be raised to within five feet of the noz-
zles in the power house.

At the south end of the dam and on the side of the creek op-
posite the power house the entrance tunnel No. 2 is located.
Steel bar sereens are built into the conerete construction of the
headworks and a large gate similar to the one at the entrance to
tunnel No. 1 is provided. The tunnel is built nine feet in diam-
eter, is 21,300 feet long and on a grade of three and two-tenths
feet per thousand. It was driven from the two portals and each
way from eight adits located about equidistant along the line of
the tunnel. The tunnel is not straight but angles slightly at
various points so that the adits would be as short as possible and
still provide for at least 200 feet of cover at all points. It is
unlined except at a few points where the rock formation was
poor and there concrete lining was put in. The tunnel ends in
a concrete lined surge chamber, thirty feet in diameter and 120
feet high, extending from the top of the tunnel to the surface
f the ground. A nine-foot gate connects the surge chamber
with a 108-inch pipe extending through a concrete lined tunnel
for 250 feet to the head of the penstocks. The gate is provided
with two operating stems and an equalizing by pass discharging
into a thirty-six inch air shaft similar to the arrangement at the
entrance to tunnel No. 1. The water entering the penstocks is
controlled by two valves operated either by hand or electrically
from the power house switeh board and a stand pipe on each line
extends vertically upward to an elevation equal to the top of the
flashboards on Dam No. 4.

The penstocks to Power ITouse No. 2 are exactly similar in de-
sign and construction to those leading to the other power house.
The construction and equipment of Power House No. 2 is identi-
cal with that of Power ITouse No. 1 except that the clectrical
equipment instead of being of General Electric is of Westing-
house design, and in order to get the same power with smaller
effective head the amount of water and therefore the number of
runner buckets must be inereased. Instead of nineteen buckets
there are twenty-one buckets on the runners of the Power House
No. 2 units.

The San Joaquin and Eastern Railroad follows close to the
line of tunmel No. 2 and a standard gage hoist 4,300 feet long
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Fic. 8.—Hknd View of Temporary End of Power House No. 2 Showing
Interior Arrangement. The Large Room Is the Main Operating
Room.,
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conneets with the railroad at the west portal of tunnel No. 2 to
carry materials and the machinery to the site of Power Iouse
No. 2, The maximum gradient on this incline is about eighty-
five per cent.

The transmission lines lead from the power houses and after
extending 240 miles in a southerly direction across two moun-
tain ranges and a part of the Mojave Desert reach the main dis-
tributing station at Eagle Rock, nine miles from Los Angeles.
There are two tower lines spaced eighty feet apart on centers in
a cleared right of way 150 feet wide. The towers are built of
galvanized structural shapes and are designed to stand the break-
ing of two conductors on the same side of the tower. Anchor
and angle towers are designed to stand the breaking of all three
of the conduetors and the ground cable and a pull at right angles
to the line large enough to allow the use of the tower to turn
angles of sixty degrees.

The conductors are of aluminum and steel cable one inch in
diameter, containing a central core of seven strands of plow
steel with fifty-four strands of aluminum surrounding it. The
conductors weigh 4,058 pounds per mile of single line. They are
placed in a horizontal plane with a seven strand galvanized steel
ground cable above, and are sagged for a minimum ground clear-
ance of twenty-five feet, with a maximum stress of 7,500 pounds.
Under normal conditions the span is 660 feet but in sleet coun-
try this is reduced to 550 feet. There are in all 3,400 towers and
over 5,000,000 pounds of conductor and ground cable.

At Eagle Rock substation the current is stepped down to 72,-
000 volts and 18,000 volts for transmission to Los Angeles and
vieinity. The substation is of reinforeed conerete and structural
steel 168 feet long, 106 feet high and 131 feet wide similar in
architectural treatment to the two power houses. The main
transmission lines come in onto the roof and are taken into the
building through a set of aluminum cup electrolitic lightening
arrestors, to the main step down transformers. Two 15,000 kva
synchronous condensors operating at 6,600 volts and 375 R. P.
M. are installed here to regulate the power factor on the line
and keep it as low as possible. These condensers are exactly sim-
ilar in size and construction to the main generators at the power
houses and are each connected up to the line through their trans-
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formers and operate under no load whatever, their only province
being to induce enough leading current by proper regulation of
its field excitation to offset the lagging current induced by the
street car and city induction motor loads. They are arranged
either for self excitation from an excitor on the shaft of each
machine or from a separate exciter set.

The entire development belongs to the Pacific Light & Power
Company of Los Angeles and the reported cost of $12,000,000
has been borme by them. Big Creek is but one of five other
sources of power, steam and hydro-electric, owned by this com-
pany and they are able to write continuous service contracts with
penalties added for all interruptions of service on all classes of
work. The current is already being used to operate the street
and interurban cars of Lios Angeles and to relieve the overloaded
condition of the local lines. The entire project has been de-
signed and constructed by the Stone & Webster Construction
Company of Boston in a little over two years.
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BRIQUETS AND BRIQUET-MAKING

CHARLES A, MANN,

According to a recent report 50,000,000 long tons of coal have
been recovered from ‘‘culm banks’’ in the United States in the
last twenty-two years. In 1911 alone 94,647 long tons of coal
were dredged from the bottom of the Susquehanna river, where
it had been dumped as waste. These operations are indicative
of greater economy of production and use of coal in the future.
Many other materials generally considered wastes are now com-
ing into use as fuels, All of these materials in the briquetted
form have given more or less satisfaction.

In handling coal there is considerable breakage, so that much
““slack,”’ “‘fines,”” or ‘‘breeze’’ forms. If the coal in question is
good coking coal no loss is hereby incurred as the coal is often
reduced in size before coking. If the coal is a caking coal it may
still be satisfactory in the fine condition because when caked it
will not fall through the grates until it is completely burned to
ashes. Another use for this fine coal or ‘‘breeze’’ is in powdered
fuel burners which are now coming into more extensive use; but
a good grade of coal is required in these burners. A means of
handling this fine coal is by forming briquets of it by the use of
some binding material and under pressure.

In order to use lignite satisfactorily it was necessary to form
it into briquets. As the success of this method became known,
briquetting was applied to almost anything of fuel value. Be-
sides coal and lignite, peat, sawdust and bagasse are sometimes
briquetted. A possible use for the large amount of tan bark
from tanning industries is as a fuel after it has been briquetted.

Fuels to be used for briquets must be dry and in the form of
a powder. It is the expense of drying that often prohibits the
manufacture of briquets. This is true of lignite and peat, though
lignite can be handled to greater advantage. Drying is accom-
plished by mere exposure to the atmosphere or by artificial means
where this is practical. Breaking up is accomplished in some
suitable jaw or roll-crusher and the material further reduced by
means of a disk grinder.
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Of greatest importance is the binder. Besides cheapness, a
good binder must have the following properties:
1. It must bind strongly, producing a briquet sufficiently hard
but not too brittle.
2. Under fire conditions it must hold the briquet together sat-
isfactorily.
3. The briquet produced must be water-proof to such an ex-
tent that it will stand conditions of use.
4, It should not cause smoke or foul-smelling or corrosive
gases.
. It should not increase the percentage of ash or clinker.
6. It should inerease or at least not decrease the heat units ob-
tainable from a unit weight of fuel.

(911

Binders in use and those proposed are divided into two big
heads: inorganic and organic. A further division is (1) soluble,
and (2) insoluble. The organic binders may be classed as shown
below.

INORGANIC BINDERS,

1. Clay. 2. Lime. 3. Magnesia. 4. Magnesia cement (mag-
nesium oxide and magnesium chloride). 5. Plaster of Paris.
6, Portland cement. 7. Natural cement. 8. Slag cement.
9. Water glass.

ORGANIC BINDERS.

A. Woop Propucrs. 10. Rosin. 11, Pitch. 12. Pine wood
tar, 13. Hard-wood tar. 14. Douglas fir tar. 15. Wood pulp.
16. Sulphite liquors (from paper mills).

B. Sugar Facrory Resipues. 17. Beet pulp. 18. Lime cake.
19. Beet sugar molasses. 20, Cane sugar molasses.

C. StarcH. 21. Corn and potato.

D. SpaveHTER-HOUSE REFUSE. (22),

E. Tar anxp Pircues. 23. Blast furnace tar. 24, Producer
gas tar. 25. Illuminating gas tar. 26, By-products coke oven
tar. 27. Coal tar creosote. 28, Various grades of pitches from
different tars.

B, Narvran Aspuants. 29. Impsonite. 30. Gilsonite. 31, Mal-
tha. 32. Refined Trinidad. 33. Refined Bermudez. 34. Hard
and refined asphalts.
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G. PerroLEuM Propucts. 35. Crude oil, 36. Residum (as-
phalts, ete.). 37. Water gas tar. 38. Water gas tar pitch.
39. Wax tailings. 40. Acid sludge. 41. Asphalt tar. 42. Pintsch
gas tar.

As all of the inorganic binders are non-combustible they in-
crease the ash content of the briquet, which means increased cost
in handling the ash as well as the payment of freight on non-
combustible material. However, inorganic binders are not vol-
atile and some of them when used with coal combine advantage-
ously with the sulphur of the coal. Though sulphite liquors,
starch, and some of the sugar residues are excellent binding ma-
terials, they have the disadvantage of solubility, which does not
admit of exposing the briquet to moisture conditions. Most of
the organie binders are satisfactory except that their cost pro-
hibits their use. Also some of them cause excessive amounts of
smoke, and usually this class of binder does not stand up well
under pressure.

After the fuel material has been dried and ground to the de-
sired size it is mixed with the binder. When a cold setting binder
is used the material is molded cold and set aside to harden.
When tars or petroleum residues or similar binders are used,
these are heated to a flowing consistency, mixed with the fuel in
a rotary mixer until all of the particles of the fuel are coated,
and the mixture then molded and pressed. According to the
materials used this pressure varies between 3000#/ sq. in. to
4000#/ sq. in., though sometimes going as high as 10,000#/
sq. in. It is interesting to note here that lignite needs no out-
side binder. The powdered lignite is forced into a cylindrieal
form under a pressure of about 10,000#/ sq. in., which develops
enough heat to cause the pitchy hydrocarbons of the lignite to
ooze toward the outside of the briquet. When this pitchy sub-
stance cools it forms an excellent binder. The objection to this
method is the possible danger which may result from the ex-
plosion of the lignite powder under working conditions. This
method may be adaptable to the briquetting of tan bark previ-
ously mentioned, as there is more or less oily and pitchy mate-
rial remaining in the bark. Descriptions of the many briquetting
machines, proposed and in use, would require more space than
this article allows,
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The shapes of briquets are of exceedingly great importance.
In storing large quantities of briquets it is desirable to have
regular shapes like cubes or prisms, as these can be compactly ar-
ranged and can be made conveniently into large sizes. By groov-
ing these they can be broken up to any desired size. The dis-
advantage is that the edges are easily broken and form waste,
which should never exceed five per cent of the original weight
of the briquet. The cylindrical form is excellent, as it reduces
breakage, and on a grate briquets of this shape lie so that the air
passages through the mass are satisfactory. Briquets must not
lie so close as to clog the grate or so far apart as to form flues.
The best draft conditions are obtained from the ovoid shape,
these briquets weighing about two pounds. Sometimes the ree-
tangular shapes have holes through them which allow free pas-
sage of air. Certain shapes too are hard to ignite.

Briquets vary in density according to the materials used.
Those from good coal may vary from 1.1-1.4, though 1.19 is give
as standard. Besides hardness they must have coherence. This
coherence is dependent on the size of grains of the fuel, the char-
acter and quantity of the binder and the pressure applied. No
coal briquet should absorb more than three per cent of moisture.
‘When soluble binders are used the briquet may be coated with,
a waterproofing material, but this is sometimes too expensive.

The ease of ignition of briquets is dependent on the size, den-
sity, mesh of fuel used, shape and binder. Large briquets and
those with sharp edges are easily ignited. Dense briquets are
hard to ignite while those made from the lump coal ignite better
than those made from slack. If the binder is an organic one the
increase in ash reduces the ease of ignition.

In America the use of briquets is still in its infancy. In
Europe, however, where lignite has been briquetted successfully
for a long period of time, the use of this kind of fuel is more gen-
eral. Though data as to the total briquets manufactured is

meagre, we can get from the following an idea of the extent of
this business.

Year. IExports, Year. Tmports,
Great Britain ...... 1901 1,037,165 tons 1898 35,064 tons
Germany ........... 1899 402,000 tons 1899 88,000 tons

Belgium ............ 1897 6,239,499 tons
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Briquets of all descriptions are used on locomotives and on
steamships. The briquetted lignite is a common domestic fuel.
This class of fuel can be used for almost any heat or power in-
stallation.

The heating value of briquets is the sum of the heating value
of the fuel used and the heating value of the binder. By the use
of a fairly good binder an inferior grade of waste fuel can be
made into satisfactory briquets. It is of interest to note that
with peat the pressure used aids in raising its heating value.

Air dried cut peat....... 6,840 B. T. U./#
Pressed peat ........... 7,290 ”
Peat coke . s iin i ven os 12,676 ”
Peat briquettes ......... 13,330 2

In comparing the quantities of coal and patent fuel required
per mile on a locomotive we find that it takes 27 pounds of pat-
ent fuel as against 31.5 pounds of coal from which this patent
fuel was made. A similar ratio exists as regards its evaporative
power.

Only such material should be briquetted as will result in bri-
quets which answer to the requirements given in this paper.
With coal, the loeality, character of the eoal, purposes briquets
are intended for, cost and availability of binder and marketing
facilities determine the practicability of manufactiring briquets.
‘When slack is used, the combined cost of the slack and binder
must not exceed the cost of the lump coal. Much depends on the
binder. The cheapest binder is the heavy residum from pe-
troleum available in California, Texas and adjacent territory.
Four per cent of this binder is sufficient, Its cost ranges between
45 and 60 cents per ton of briquets. Water gas tar is next in
order. Five to six per cent is required, making the cost 50 to 60
cents per ton. This material is available throughout the United
States. Coal tar pitch to the extent of 6.5-8 per cent can be used.
This inereases the cost of briquets from 65 to 90 cents per ton.
Excellent briquets are produced with piteh from producer gas
tar, very little binder being required. This binder is not gen-
erally available, but it ought to be rather cheap when it comes
on the market. Except for its solubility, stareh would be an ex-
cellent and cheap binder. Only one per cent is required, making




The WISCONSIN ENGINEER 217

the cost per ton 20 cents, Other binders which are of less impor-
tance vary considerably in price according to locality.

Besides binder and coal cost, there is the plant outlay, labor,
and overhead. This cost amounts to from 30 to 50 cents per ton
in America; from 24 to 40 cents in France; 22 to 24 in Germany;
and 24 cents in England. Not considering the coal, the cost of
briquet making is about 90 cents per ton in America.

It is only the pressing need of economy that will bring about
the cheaper and more extensive manufacture of briquets in Amer-
ica. Large sized plants in the proper localities would soon de-
velop the manufacture of this class of fuels so that America
would compare favorably with the European countries in the
production of briquets.
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A MICROSCOPIC STUDY OF ELECTRO DEPOSITED
TRON

OLivirr W. STOREY.

The University of Wisconsin has the distinction of being the
place where iron was first successfully electro deposited on a
large scale. This distinetion was achieved through the efforts of
Prof. C. F. Burgess. Previous to his researches electrolytic iron
had been known, but it could be deposited only in thin sheets
owing to imperfections in the deposits,

Fia. 1.

Professor Burgess first announced his solution of the problem
in a paper given before the American Electro-chemical Society
in 1904.* The importance of this discovery was not only in the
successful culmination of a research problem but in that it
opened up a new field in the mettallurgy of iron, since electro-
Ivtic iron is a source of pure iron in contrast to the purest of

" * Burgess & Hambuechen, Tr. A. E. 8. V, 201 (1904).
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commercial irons which contain appreciable amounts of impur-
itied,

This work was carried out at the Chemical Engineering Lab-
oratories where the process is still in operation. During the ten
vears several thousand pounds of iron have been refined.

The refining of iron is carried out at present in stoneware
tanks, each containing three sets of anodes, connected in paral-
let, between which are placed two cathode sheets, allowing the

Fra. 2.

deposition to take place on both sides of the latter. The anodes
first used were Swedish bar iron, though later American Ingot
Iron has been used as a purer grade of raw material. With a
current density of about ten amperes per square foot and an
electolyte consisting of an aqueous solution of iron sulphate and
ammonium chloride, the deposition proceeds uniformly.

The electro deposition of iron presents difficulties not unlike
those present in the deposition of various other metals. By vary-
ing the factors such as current density, temperature, circulation
of solution, composition of electrolyte, and thickness of deposit,
various kinds of deposits may be obtained.
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Owing to these varying conditions, a large variety of forms
of deposits have been produced, varying from dense to porous,
and from smooth to nodular iron. With such a variety of strue-
tures this material offers an interesting opportunity for micro-
seopic investigation.

Fia. 3.

A typieal analysis of the refined iron follows:

Single refined Double refined

SUIPRUE sscmmm on suememsss 58 & 0.001¢%% none
SLIHOOM e v cmmmmmumases s s s 0.003 0.013%
Phosphorus .....cicovneiisnins 0.020 0.004
Manganese ...... Bl s & none none
Carbon .. .vi i e 0.013 0.012
TEOD yapsnn o5 o e e o5 #2 o6 s 99.963 99.971
Hydrogen ........coovvenvinnnn. 0.083 0.072

The double refining is acecomplished by using an electro de-
posited material as anode.

The crystallization of electrolytic iron while being deposited
is not unlike the erystallization of iron from the molten state.
When iron or any other metal solidifies the solidification starts
at erystal centers which grow until the entire mass is solidified.
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In the electrodeposition of iron the deposition is started at a
large number of centers on the starting sheet. But, unlike the
liquid metal, the iron crystals can only grow in ome direction,
that is, perpendicular to the starting sheet.

The growth of crystals of electrolytic iron is shown in Fig 1.
This micrograph shows a section of a coarsely erystalline deposit
from near the starting sheet, at a magnification of 100 diameters.

As shown in the micrograph, the erystals grow from a large

Fic. 4.

number of centers and deposit in the shape of a fan. These small
erystals merge into each other forming larger erystals. In this
manner the erystals continue to grow and may become as large
as those shown in Fig. 2. This is the exterior part of the de-
posit shown in Fig. 1 and is also magnified 100 diameters.

These micrographs apply to a deposit which is coarsely erys-
talline and loose in texture. A dense deposit is often inclined to
be nodular. In some cases these nodules may be removed by hit-
ting the deposit a sharp blow with a hammer. Several of these
nodules are shown in Fig, 3.

A specimen of one of these nodules or of a dense deposit fails
to reveal any trace of the erystalline structure shown in Fig. 1
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and Fig. 2. Instead a homogeneous surface develops showing
only the outlines of the various nodules.

It has been stated that when the electro deposition of iron is
started the erystallization is begun at a large number of centers.
A micrograph of a thin deposit is shown in Fig. 4. Compare

Fia. 5.

this to the coarse structure obtained on the exterior of a heavier
deposit in Fig. 5. This again illustrates the growth of the
erystals of iron.

Of what importance is electrolytic iron? It cannot be used as
deposited where strength is needed sinece it is too brittle. It
breaks easily and is devoid of tensile strength. The brittleness
of the iron is attributed to the presence of hydrogen, which
forms an iron hydride that is extremely brittle. By heating to
between 500 and 600¢ C. the brittleness is overcome and the
iron becomes ductile. During this heating operation hydrogen
is driven from the iron.

It was thought that the removal of hydrogen would cause a
change in structure of the iron which could be detected under
the microscope. Several samples were heated from 500 to 850°
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C. but no change in structure was apparent. KEven at 769°,
where iron becomes non-magnetic, no change in structure was
apparent,

But by heating to 910° C. a structural change became notice-
able. The fern like crystals were transformed into grains of
metal which resembled that of a metal solidified from the molten
state. This grain structure is shown in Fig, 6.

‘Why does the iron strueture change suddenly at 910°? Iron
resembles carbon in that it is subject to differences in its erystal-

Fic. 6.

line structure, that is, it is allotropic. Carbon may also be ob-
tained as graphite and as the diamond. These three forms are
stable at the ordinary temperatures.

Iron, in the light of present day investigation, is known to
crystallize in at least two different forms and possibly three, but
only one of these is stable at the ordinary temperatures.

Pure iron below 760° C. is called alpha iron and is magnetic.
The cube is the prevailing form of the alpha iron erystal.

At 769° C. there is a thermal change but there seems to be no
accompanying crystalline change. Iron above 769° and below
910° C. is called beta iron. )
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At 910° C. a second thermal change is noticeable. The iron
changes from cubiec to octahedral crystals though still in the
isometric system. This form of iron above 910° is called gamma
iron.

The transformation of the deposited erystals of Fig. 1 to the
grain structure of Fig. 6 is explained by this allotropic change
which is accompanied by the changing of the cubical erystals to
octahedral crystals.

Fie. 7.

The porous coarsely crystalline electrolytic iron becomes gran-
ular with sharp boundaries, but the dense deposits, though gran-
ular, do not show definite boundary lines about the grains.

But by heating a dense deposit to nearly the melting point a
well defined grain is produced as shown in Fig. 6.

Nearly the entire production of electrolytic iron at the Chemi-
cal Engineering Laboratories has been used in the production of
alloys of iron with other elements to study their effect upon the
various properties of iron. Electrolytic iron was especially
adapted to this work since it furnishsed a source of pure iron.

When electrolytic iron is melted it shows defects similar to
those of large ingots. Fig. 7 shows a small ingot of iron made in
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a vacuum furnace. While solidifying this iron was still giving
off gases and in so doing carried some iron with it. This solidi-
fied as a collar of iron about the top of the ingot and left a cav-
ity in the center. The gas given off at this high temperature is
not known but it is probably hydrogen.

‘When electrolytie iron is melted and forged it is soft and
easily worked in contrast to the hard brittle deposited material.
It is granular and shows a grain structure similar to Fig. 8.

Fia. 8.

Electrolytic iron cathodes have been rolled directly into iron
sheets which do not differ materially from the ordinary sheet
irons of commerce. The microstructure of such a sheet iron is
shown in Fig. 8, and is similar to that of any pure iron.

In conclusion, electrolytie iron is not only an interesting pro-
duct hecause of its high degree of purity but it is also of interest
to the metallographist. As deposited it shows the peculiar fern
like erystals. Upon heating to 910° these erystals change to the
graing of ordinary iron. This seems to show that the first erys-
talline change in iron takes place at 910° and not at 769° where
iron becomes mon-magnetic. Tt may be studied still further
when melted as a source of pure material in the study of the
erystalline growth of metals.
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SIMPLE GYROSCOPIC ACTION.*
Proressor EpwARD R. MAURER.

1. DESCRIPTION,

The words gyroscope and gyrostat are often used synono-
mously but sometimes a distinetion is made, as follows: A gyro-
stat consists of a wheel and axle, both being symmetrical to the
axis of the axle, and mounted so that they may be rotated about
that axis; a gvroscope consists of a gyrostat mounted in a frame

* This article is a copy, except for abridgements and necessary modi-
fications, of a portion of the writer's Technical Mechanics (rewritten
edition).
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which can be rotated. Fig. 1 represents a common form of gyro-
scope; the gyrostat (wheel W and axle AA") is supported by a
ring K which can be rotated about the axis BB'; the axle BB’ is
supported by the forked pillar # which can be rotated about the
axis ('C’. Thus the wheel can be rotated about its center into any
desired position. The gyroscope seems to have been designed for
illustrating principles of composition of rotations. In 1852 Fou-
cault (French physicist) made an interesting application of the
instrument; by its means he practically made visible the rotation
of the earth. More recently the gyroscope has been made use of
in several connections,—to steer a torpedo, to serve as a substi-
tute, unaffected by the iron of the ship, for the ordinary (mag-
netic) mariner’s compass, to stabilize a mono-rail car, and to
steady a ship in a rough sea; it has been proposed also to stabil-
ize Hlying machines by means of a gyroscope.

When its wheel is spinning, a gyvroscope possesses properties
which seem peculiar to persons uninformed in the matter, inas-
much as it does not always respond as expected to efforts made
to change its motion or position. For example, if a gvroscope
like that represented in Fig. 1, well made and praectically frie-
tionless at all bearings and pivots, be grasped by the pillar and
then moved about in any way, the axle of the wheel remains
fixed in direction in spite of any attempt to alter it. The (gim-
bal) method of support makes it impossible to exert any resul-
tant torque on the gvrostat (by way of the pillar) about any line
through the center; and hence, as will be proved later, the di-
rection of the axle cannot be thus changed. Tt is this property
of permanence of direction of the spin-axis of a gimbal-supported
gyrostat which is made use of 1n the self-steering torpedo.

For another example, consider the effect of a torque applied
directly to the gyrostat. A vertical force, say, applied at A
would turn the gyrostat when not spinning about the axis B.
But when spinning, that forece (U) would rotate the spin-axis
about the axis (", the direction of rotation depending upon the di-
rection of spin. When the gyrostate is spinning in the direction
indicated by the arrow o, then such force U7 would rotate the
spin-axis about (' in the direction indieated hy the arrow &
Again, a horizonal force applied at A sav, would turn the gyro-
stat when not spinning about the axis (.. But when spinning,
such force (L) would rotate the spin-axis about BB’; and in the
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direction indicated by the arrow A if the spin is as indicated.
This behavior of a spinning gyvrostat under the action of torque
is exhibited more strikingly by a gyroscope represented plainly
in Fig. 2. The wheel may be spun on the axle 4; the gyrostat
and its frame may be rotated about the axis BB’; and all may be
rotated about the axis ('C'. W is the weight which can be
clamped on the stem A’ to balance or unbalance the frame with
respect to the axis BB’. Now imagine W eclamped so that the
frame (with W and the gyrostat) is unbalanced. Then if the
gyrostat is set spinning and the frame be released in the position
shown, say, the frame will not rotate about BB’ but about C'C'.
The direction of this rotation depends on the direction of spin
and on the direction of the torque of gravity about BB'. If, for

example, W is clamped quite near BB’ so that the torque of
gravity is clockwise as seen from B and the spin is as indieated,
then A rotates toward B. This rotation persists except insofar
as it is interferred with by frietion at the pivots, and air resis-
tance.  'We might recite still other peculiar performances of a
gyrostat but the foregoing suffice for our purpose. DProfessor
Perry’s book on ““Spinning Tops’ would be found interesting
in this connection.

Any such rotation of the axis of a spinning gyrostat is ealled
a precessional motion or a precession of the axis or of the gyro-
stat; the axis and the gyrostat are said to precess. It may not
be clear from the foregoing examples of precession how to pre-
diet the direction of precession that would result by applying a
given torque to a gyrostat with a given spin. The following is
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whole matter as will be seen later: “When forces act upon a
spinning body tending to cause rotation about any other axis
than the spinning axis, the spinning axis sets itself in better
agreement with the new (other) axis of rotation; perfect agree-
ment would mean perfect parallelism, the direction of rotation
being the same.”” (From ‘“‘Spinning Tops’’.) Or, what amounts
to the same thing, the precession is such as to turn the spin-
vector® toward the couple or torque-vector.

There is another item of gyrostat behavior worth noting here.
Suppose that the gyrostat shown in Fig. 2 to be precessing as
already explained. If the precession be hurried, say by means
of a horizontal push applied at A’, the center of gravity of the
frame (with gyrostat and weight) rises; if the precession he
retarded, the center of gravity descends. This behavior is in
accordance with the rule for predicting precession. In the first
case there is a torque about CC’; the torque-veetor is in the di-
rection OC’; the spin-vector is in the direction OA’: and in
accordance with the rule OA’ turns toward OC’, that is the
center of gravity rises. In the second case there is a torque
ahont C'C" but the torque-vector is OC; and the spin-vector OA’
turns toward that vector, that is the center of gravity descends.
Thus we may state as another rule: Hurry precession, the gyro-
stat rises or opposes the torque which causes the precession: re-
tard precession, the gyrostat falls, or vields to the torque which
causes the precession.

Self-steering Torpedo—The gyroscope of such a torpedo is
linked to appropriate valves of a compressed air engine in such

* A spin-vector is a vector on the axis of spin, its arrow-head point-
ing to the place from which the spin appears counter-clockwise; or—
what amounts to the same thing—the arrow-head points in the direc-
tion along which the axis would advance if it were a right-hand screw
spinning (with the gyrostat) in a fixed nut. The length of the veector—
immaterial in the present connection—represents the angular velocity
of spin to some convenient scale. Likewise the couple-vector is a vector
perpendicular to the plane of the couple, pointing to the place from
which the rotation (which the couple tends to produce) would appear
counter-clockwise; or—what amounts to the same thing—the arrow-
head points in the direction along which the vector would advance if
it were a right-handed screw turned by the couple in a fixed nut.
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a way that any turning of the spin-axis toward either side of
the torpedo causes the engine to turn the (vertical) rudder of
the torpedo in the opposite direction. Prior to projection of a
torpedo, the gimbals are locked so as to hold the spin-axis of the
gyrostat parallel (or inclined at any desired angle) to the axis
of the torpedo. During the discharge of the torpedo, the gyro-
stat is antomatically set spinning and the gimbals are unlocked.
During the flight, the spin-axis continues to point in its original
direction; any deviation of the torpedo from its intended course
changes the inclination of the spin-axis relative to the torpedo;
simultaneously the gyroscope actuates the rudder as explained,
and the torpedo is deflected back toward its proper direction.

i

Y

E YN W

Like a common pendulum swinging to its lowest position, the
torpedo swings hgyond a mean direction and is then swung back
again by the rudder. And this oscillation is kept up during the
fiight so that the actual path of the torpedo is a zigzag, about
two feet wide. A gyrostat (wheel and axle) weighing two
pounds and rotating at 2,500 revolutions per minute has heen
made to serve the purpose just described.

Gyro-compass—For our purpose we may regard a gyro-
compass as consisting essentially of a gyrostat (wheel and
axle), the axle supported in a ring or case, and the ring sus-
pended from above. See 4, Fig. 3. Such a compass, when the
gyrostat is spinning, sets its spin-axis into the plane of the
meridian at the place where the compass happens to be. TImag-
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ine such a compass to be set up at the equator with its spin-
axis pointing east and west, and suppose that the direction of
spin is counter-clockwise when viewed from the west. The ro-
tating earth carries the gyrostat eastward; the spin-axis would
remain parallel to its original position if the gyrostat were sup-
ported in frictionless gimbals, and would in time be positioned
as shown at B. Now consider the gyrostat as shown at B, sup-
ported not in gimbals but suspended from above as in the gyro-
compass. The supporting force (above) and the foree of grav-
ity would have a torque counter-clockwise as viewed from the
north; thus the torque-vector would point toward the reader.
The spin-vector points to the right; hence the torque would
turn the end of the spin-axis marked n from the west toward
the mnorth.

Of course the action is not precisely as outlined above, that is
the spin-axis does not remain parallel to its original position
for a time and then yield to the influence of the torque men-
tioned. The action is really continuous; the slighest rotation of
the compass with the earth from the position A induces the grav-
ity torque, and the spin-axis begins to turn toward the meridian
as described.

Though the restraint of the support (fine wire in the Sperry
and mercury float in the Anschiitz compass) is very small, the
gravity torque is so small that the turning of the spin-axis into
the meridian is very slow. Like a magnetic compass the gyro-
compass swings bevond the meridian from a deflected position
and oscillates for a time. In the Anschiitz type the period of
a free oscillation is about 1 hour and 20 minutes. Special
damping arrangements reduce the oscillations to zero (from a
deflected position of 40 degrees) in about one and one-half hours.
The spin is maintained electrically, at about 20,000 revolutions
per minute.

Monec-rail Car—A car on a single rail can be rendered stable
even if the center of gravity of the car is above the rail by
means of a suitable gyroscope apparatus. Fig. 4 represents the
germ of one type of such apparatus. A4’ is the spin-axis, L
is a lever rigidly fastened to the axle BB’ by means of which
the gyrostat can be made to precess about BB’. Tmagine the
car to be standing or travelling in an upright position, the gyro-
stat spinning, and a man standing on the car so that he may
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grasp and operate the lever. Now suppose that the car is tilted,
as by a wind against either side. The car exerts tilting forces
on the gyrostat axle at B and B, the torque-vector of which is
parallel to the rail; hence (see the stated rule) the spin-axis
begins to set itself parallel to the rail, that is, it precesses about
BB’. The axle BB' exerts (righting) reactions on the car but
if the man will hurry the precession, the (heavy, rapidly spin-
ning) gyrostat will rise against the tilting foreces and carry the
car back with it toward the vertical position. It is conceivable
that a skillful operator could put the car back into its vertical
position in one swing, but in general he would swing the car
hevond the vertical, then back again and after a few osecillations,
into its vertical position,

Gyro-stabilizers as now built automatically perform the fune-
tion of the man of the preceding explanation, and they include
two gyrostats, spinning in opposite directions, to enable the car
to run on a curve. The gyrostat wheels of a certain Brennan
mono-rail car (40 feet long and weighing 22 tons) are 314 feet

Fic. 4 F1a. 5

in diameter; each weighs 3} tons, and spins at 3,000 revolu-
tions per minute (in a vacuum to avoid air friction). Such a
car has taken curves of 105 feet radius at a speed of 7 miles per
hour without appreciable disturbance of the level of the car
floor. The spin is maintained by electric means; in fact each
gvro-wheel is made the armature of a motor and this is driven
by a generator on the car.

Schlick Gyro-stabilizer for Reducing the Rolling of a Ship.—
This is represented in Fig. 5. The gyrostat is mounted in a
rigid frame F which is supported in bearings B and B’ fixed
on the ship. Thus the wheel can be spun about A4’ and the
axle AA’ can precess about BB’. P is a brake pulley by means
of which this precession can be controlled. Explanation of the
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steadying action of this device is beyond the scope of this art-
icle, Such a stabilizer has been tried out in a ship 110 feet long,
12 feet wide and of 58 tons displacement. The gyro-wheel
weighed 1100 pounds, was 1 meter in diameter, and was spun
at 1600 revolutions per minute. In still water the ship would
settle down from a heel of 20 degrees to one of 14 degree in
about 20 single oscillations; the period was about 414 seconds.
The stabilizer produced the same extinetion in less than three
oscillations of 6 seconds period. (See London FEngineering,
Vol. 83, p. 448 (1907)).
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WITII THE ALUMNI.

The work on the new directory of the Engineering Alumni is
progressing rapidly and copies will soon be ready for distribu-
tion. At the time of this writing another cireular letter will be
sent out to those who have not answered to previous inquiries,
and it is requested of all those alumni who receive the letters to
reply promptly; thereby aiding the University to put out a very
complete directory. The old directory was issued two years ago
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and the changes that have occured since then are many. There-
fore Alumni! if you haven’t sent in your cards, do so NOW,

Ioward B. Gates, 05, is Assistant Engineer of the IPublic
Service Commission of New York City. He is at present in
charge of subway construetion under the Harlem river.

C. A. Hansen, ’05, holds the position of Research Chemist in
the research laboratory of the General Electric Company at
Schenectady, N. Y.

John W. Lowell Jr., ’11, is Assistant Engincer of the Port-
land Cement Company, at Cheiago, T,

Owen W, Miller, 07, is at Chicago, TIl. Ile is editor of the
“Railway List™ and the ““Railway Master Mechanie.”’

Edward A, Goetz, '04, is the Chief Engineer of the St. Paul
Foundry Company at St. Paul, Minn.

Edward II. Keater, '10, holds an engineering position with the
Mississippi River Power Company at Keokuk, Towa.

The cards sent in by the Alumni show that a great number of
the Wisconsin Grads are engaged in Municipal or Clommission
work. Some of them are:

Clarence M. Larson, ’05, who is the Chief Engineer of the
Railroad and Tax Commission of Wisconsin.

IT. C. Zantow, 09, who is the Mechanical Engineering inspee-
tor for the Railroad Commission of the same state.

W. A. VanTook, 06, is Assistant Engineer of the Illinois
Railroad and Warehouse Commission.

BB. 8. Thayer, 07, is with the United States Reclamation Serv-
ice as an Assistant Engineer.

W. F. Hine, 07, is the Chief Gas Engineer of the Publie Serv-
ice Commission, 1st, Distriet, New York City.

[.. M. HTammond, 710, is Junior Engineer in the Reclamation
Service. Tle is now loeated at Provo, Utah.

Joseph Shapiro, '08, is back again with the Railroad Commis-
sion of Wisconsin., He was with the Cutler-ITammer Mfg, Com-
panyv last vear.

L. D. Burling, ‘05, is an Tnvertebrate Paleontologist for the
Geological Survey Commission of Canada.

S. M. Fisher, ’09, is Assistant Engineer of the Panama Pacific
Exposition with headquarters at San Franeisco.

Other gleanings from the files are:
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charge of the construction of the Keokuk Dam.
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ITorace M. Ilolmes, '08, is Superintendent of the Graff Con-
struction Company at Seattle, Washington.

William H. Lieber, ’07, is Patent Attorney for the Allis-
Chalmers Mfg. Co., Milwaukee, Wis.

William E. Griffith, "12, is Assistant Engineer at the Lucas
County Sanitary Engineering Department, Toledo. Ohio.

Julian E. Hart, ‘06, is Assistant Engineer of the Public Serv-
ice Company, Chicago, Tl

Lester M. Moss, B. S. 09, E. E. ’13, is in the Development
Laboratory of the General Electric Company Lamp Works at
Harrison, N. J.

Fred J. Derge, ’07, is the Light, Heat, and Power Manager
of the Toledo Railways and Light Company at Toledo, Ohio.

Charles M. Seudder, 11, is doing engineering work on water
power development with the Knoxville Power Company, Aleoa,
Tenn.

William D. Moyer, "13, is an apprentice engineer at the Den-
ver Gas & Electrie Light Co.

William N. Murrish, ’11, is with the Sierra & San Franciseo
Power Company at Modesto, California.

G. B. Code, 06, is manager of the Poeahontas Light & Power
plant at Pocahontas, Towa.

Ray W. Hart, "12, is in the United States Engineering service.
He is at Rock Tsland, Tllinois, at present.

Edward N. Stearns, 07, has taken the position of Bridge En-
gineer of the Western Maryland Railroad Company. His head-
quarters are at Baltimore, Md.

Earl N. Anderson, ’13, is in the engineering department of the
National Lamp Works of the General Electric Company, East
Cleveland, Ohio.

Announcement has been received of the marriage on Dec 8,
1913, of Sydney II. Ball, ’01, Mining Geologist, to Mary Ains-
lie, daughter of Mrs, Samuel Rutherford Ainslie of Oak Park, TI.
Mr. and Mrs. Ball are living in New York City.

Glen E. Smith, E. E. ’11, T.. ’13, is a patent lawyer at Chicago.

Among those who are Consulting Engineers now are:

Weston TI. ITall, 09, who is a Civil and Sanitary Engineer at
Centerville, Ta,

E. T.. Gross, 708, with an office at Chicago.

E. F. Weeks, "12, is a Heating and Ventilating Engineer at
Spokane, Washington.
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EDITORIALS.

We have had several inquires concerning an article on the
“Manufacture of High Tension Insulation,”’ which appeared
in a recent issue. Mr. E. J. Arps, '14, is the author of this pa-
per, and it was published with the approval of Mr. Kartak, who
kindly checked it over for us. It is our poliey to have the va-
rious articles submitted by students examined by men especially
expert in the field with which the article deals. In printing
this paper we inadvertently did not give any eredit to Mr.
Arps.
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We Deliver on Hangers

The Pantorium Company

Established 1854

Conklin & Sons Company

Coal, Wood and Mendota Lake Ice

Cement, Stucco, White Lime, Hair & Sewer Pipe

Main Office: 24 East Mifflin St.

NOTICE

We carry a complete line of high-grade Machin-
ists’ Supplies and all classes of Mechanical Tools.

NO SPECIAL SALES

We sell at retail any article in our store at Whole-
sale Prices.

Western Iron Stores Co.
Phone Grand 1246
135 Second Street = = = MilwauKkee, Wis.

Kindly mention The Wisconsin Engineer when you write.




The Wisconsin Engineer

The College of Mechanics and
Engineering

of the

University of Wisconsin

offers four and five year courses in

Mechanical,

Flectrical,

Civil,

Chemical and

Mining Engineering and
Applied Electro-Chemical Eng'rg

The regular University bulletin or spe-
cipal bulletins dealing with particular sub-
jects may be obtained on application to

W. D. Hiestand, Regstrar

Madison, Wisconsin.

Kindly mention The Wisconsin Engineer when you wrile.




The Wisconsin Engineer

Service 1s

What Counts

Ball Bearing; Long Wearing

The L. C. Smith & Bros. typewriter is built on the
principle of service. It is more efficient than any other
typewriter because it will run easier, longer and give bet-
ter results.  One of the many reasons for this is the fact
that there are ball bearings at all points where motion is
frequent—-the typebar joints, the carriage runway and the

capital letter shift. There are many cther reasons.

Send for free book.

L. C. Smith & Bros. Typewriter Co.

Syracuse, N. Y.

Milwaukee Branch, 413 Milwaukee St.
Madison Branch, 12 S. Carroll St.

Kindly mention The Wisconsin Engineer when you write.




Every

I l typeface

strikes the exact
printing
Ball \,
Bearings
Give Greater Speed : :
and Stability to the T o

L.C.Smith & Bros. Typewriter

(Ball Bearing, Long Wearing )

Because of ball bearing typebars, the keys respond as readily
as perfect piano keys. The capital shift works with equal ease
—no lifting of a heavy carriage but simply shifting the light
typebar segment, thus insuring absolute accuracy.

No fingers can move too fast for this machine—there isn’t one
delaying movement from ‘‘ Salutation’’ to *‘ Signature.”” Instead of
expensive and awkward attachments, all change controls are
connected with keyboard—including shift key, shift lock, space
bar, back spacer, ribbon key.

Another advantage—this machine is complete in itself for all

kinds of work: tabulating, billing, large envelopes, cards or
pﬂPEI' as narrow as a postage stamp.

MAIL THIS COUPON CHECKING THE KIND OF WORL. YOU HAVE TO DO:

Gentlemen :—I am interested in a Typewriter for

[J General Correspondence [] Card Writing (] Billing
[ Tabulating [J Label Writing

Name

Address

To L. €. SMITH & BROS, TYPEWRITER COMPANY
Syracuse N, Y,

413 Milwaukee St.,
Milwaukee, Wis, II
Enwnuil




The Wisconsin Engineer

HONORBILT
SHOES

Mayer Honorbilt Work Shoes are made for he hardest kind of use. They
are stout and strong, made from thoroughly seasoned, extra durable leather, with
heavy oak-tanned soles, solid counters, double leather toes, and double rows of
stitching. No matter how hard on shoe leather your work is, they will give you
lasting service. These splendid work shoes look well and fit well too—they are not
awkward or clumsy—don’t tire or cramp :
your feet. They are built on honor, to
meet actual working conditions.

CAUTION—Be sure to look for
the Mayer trademark on the sole.

We make Mayer Honorbilt Shoes in
all styles, for men, women and children;
also Drysox Wet Weather Shoes, Yerma
Cushion Shoes and Martha Washington

AU, Comfort Shoes, If your Dealer
%"\Q\ does not handle them, write us.

5o/ F. Mayer Boot & Shoe Co

HONORBILT Milwaukee, Wis. o
\,

e - ARCHITECT

Clinton B. Stewart ELLSWORTH BLOCK PHONES: OFFICE 242

MADISON WIS. RES. 2615
Assoc. M. Am. Sve. B Mem. West Soe. Engrs.

Consulting Hydraulic Engineer
Water Power Water Supply Drainage [ e |
206 Wisconsin Bldg., Madison, Wis. z arl c I’omas

Photographer
DANIEL W. MEAD e

CONSULTING
ENGINEER . . THE ARNOLD (OMPANY

ENGINEERS - CONSTRUCTORS
ELECTRICAL — CIVIL - MECHANICAL
MADISON, WISCONSIN 105 SOUTH LA SALLE STREET
CHICAGO

Kindly mention The Wisconsin Engineer when you write.




The Wisconsin Engineer

EUGENE DIETZGEN CO.

MANUFACTURERS

Engineers’ Transits and Levels

Our Transits and Levels embody improvements of de-

sign and construction that are recognized by the engineer-
ing profession as being the best. Made complete in
our own factories. in other words---made right.
Send for catalog today.

Complete line of Field and Office Supplies
166 W. Monroe Street—Chicago

New York San Francisco New Orleans
Toronto Pittsburg Philadelphia
FACTORIES:

Chicago, Ill. Nuremberg, Germany

THE ! STEEL
RELIABLE JUNIOR ”F ” MEASURING TAPE

FINEST CONSTRUCTED—MOST CONVENIENT-NEATEST
VEST POCKET LONG STEEL TAPE ON THE MARKET

Quarter inch steel tape with In-{_[E
stantancous Readings; in 25 ft.
to 100 ft. length. Hard leather
case with double folding flush

25 [t. weighs only 3 ounces
50 ft. only 5 ounces comp.

Diameter

Length of Case
handle, opened by pressing on 25 ft. 214 in.
opposite side. 50 ft. 234 in.

4 Marked feet, inches and sixteenths
or marked feet, 10ths and 100ths
accurate and durable

e fosniy fuLE (o

Saginaw, Mich. New York

Milk Ice Cream
Cream Butter
Zilisch Pure Milk Co.
629 West Washington Ave. Telephone 979

Kindly mention The Wisconsin Engineer when you write.




The Wisconsin Engineer
a

Past the Experimental Stage

When a Portland Cement has been made in the same mill
and from the same quarry for fifteen years; when it has
been used in work of the greatest magnitude; when it has
been specified and used by engineers and architects of
world-wide reputation; when it has successfully stood every
quality test, it should be sufficient evidence that such a
Portland Cement can be depended upon. Such a brand is

‘Chicago AL i Coment

We have several interesting books, copies 7
of which may be obtained by addressing .
Department 102. Weshall be giad to answer ey
inquiries concerning the different phases of o AN
conerete construction. cu@oca :
Chicago Portland Cement Company Q:i

30 North La Salle St., Chicago, Il
J. U. C. McDanwiel, Sales Manager

German and American Expert Knowledge and Methods
Combined Explain

The Superiority of Owl Cement

German-American Portland Cement Works
E. L. Cox, General Sales Agent )
Works La Salle, Il 930 Marquette Bldg., Chicago

Kindly mention The Wisconsin Engineer when you write.




Phone 1500 for
“Dan D”

to get your

Cleaning and Pressing

Cardinal Dye Works

623 University Ave. - Madison, Wis.

MILLER
SIPHONS

for

Flushing Sewers
and

Sewage Disposal Controls

Pacific ﬂush Tank Co.

Chicago- - - - = New York

MORGAN'S
parom and Pocket Billiards

Brunswick Balke Collender Tables
Everything first class
Phone 1272 Student Headquarters

534 State Street

SPECIAL

COMMUTATION TICKETS
Good for Laundry or Dry Cleaning

WE AIM TO GIVE HIGHEST GRADE WORK.

3F Laundry Co.

Phone 4000

~ Wisconsin Barber Shon

Stop in on your way up town or to school and get acquainted.
We will surely try and please you.

Otto F. Boucher, 716 University Ave.

SAMSON

SPOT CORD

The spots on the cord are our registered trade mark

For sash cord, trolley cord, arc lamp cord, ete. We make extra quality solid
braided cord in all sizes and colors for all uses. Send for CATALOGUE.

SAMSON CORDAGE WORKS

= - BOSTON MASS.

F reshmen !

Ask one of the older students where the best restaurant in town 1s

Charlie’s

they will all tell you

We lead,
Open till 7 P. M.

the others follow, the fastest service, and the best food.

425 State

Kindly mention The Wisconsin Engineer when yor wrile.




The 1914 Harley-Davidson

has every desirable feature to be found in the Motorcycle Field and

in addition it is the only Motorcycle with Step-Starter—Double Clutch
Control—Ful-Floteing Seat and Free Wheel Control.

The only Motorcycle with a Step-Starter

The Step-Starter in case of an accidental stall-
ing of the motor, does away with the neces-
sity of getting off in the mud or holding up
traffic while the rider finds a level place on
which to lift or lurch the machine onto the
stand in order that he may pedal the motor to
start it. Instead, the rider sits in the saddle
and gives either pedal a downward push—
when the Step-Starter dees its work and the
motor again begins to throb.

It is the only Motorcycle with Double
Clutch Control

The clutch can be operated either by hand
lever or by a pedal lever convenient to the
foot. It is no longer necessary to remove
cither hand from the handlebars in order to
operate the clutch, a decided advantage when
negotiating sand, mud or rough roads.

It is the only Motorcycle with a Ful-
Floteing Seat

A device which assimilates all the jars, jolts,
and vibration due to rough roads, etec.

It is the Motorcycle with a Protected,
Selective Two-Speed

A Two-Speed that the rider can shift from low
to high or high to low or neutral at any time
whether the machine is standing still or in
motion. A Two-Speed that shifts only when
the rider shifts it. A Two-Speed that is
located in the rear hub away from dirt, dust
or damage and withal the most efficient Two-
Speed ever manufactured.

It is the Motorcycle with Automobile
Control

The Brake, the Clutch and the Step-Starter
can all be operated by the feet, leaving only
the spark and throttle for hand operation mak-
ing the control the same as that of the highest
priced automobile,

Then there is the Free- Wheel Control, Folc-
ing Foot Boards, and nearly forty other refine-
ments which help to make the Harley-David-
son the greatest motorcycle value ever offered.

We tell you all about these many improvements in our new advance folder
which will be sent on request

HARLEY-DAVIDSON MOTOR CO.,626 C Street, Milwaukee, Wis.

Producers of High-Grade Motorcycles for More Than Twelve Years
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