


Engineeiing Library
NISTORICAL eouEcTION

THE J}’MERICAN SOCIETY OF
MECHANICAL ENGINEERS

TRANSACTIONS

VOLUME 30

DETROIT MEETING
NEW YORK MEETING
1908

NEW YORK
PUBLISHED BY THE SOCIETY
29 WEST 39TH STREET
1909
T,




CoryRiGHT 1909 BY
THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS

124124




OFFICERS
THE AMERICAN SOCIETY OF MECHANICAL

ENGINEERS
1908
FORMING THE STATUTORY COUNCIL
PRESIDENT .
M.L . HOLMAN ......co0ovvvennnennes e eeenanae e St. Louis, Mo.
VICE-PRESIDENTS
ArexDow............... ettt etetete e snennann Detroit, Mich.
B 0 ¢ 7 7 T Chicago, Ill.
JoW. LIEB,JR. ettt iitinnnannnneneeeeosasansnnnnns sus New York,N. Y.
Terms expire at Annual Meeting of 1908
L. P. BRECKENRIDGE. ... cocvoveuveracencoaroseoscaccsossannnns I'Irbana, Il
FREDJ. MILLER. . ootiiiiiiiiieeinerneeannoneeneencennns Center Bridge, Pa.
ARTHUR WEBT. .. ..ottt ittt ietneinnnannneesaneesns E. Pittsburg, Pa.
Terms expire at Annual Meeting of 1909
PAST PRESIDENTS
Members of the Council for 1908
JAMES M. DODGE. ....c.iiiiiii ittt iie e eeeraen Philadelphia, Pa.
AMBROSE SWABEY. .. ..0vvureeerrerrecsranenscnscoassoncnns Cleveland, O.
JOHN R. FREEMAN. ......coiiiiiiiienneeiinnnnrennanens Providence, R. I.
FrepERICK W. TAYIOR ....... ittt rereeerannenitaaaeas Philadelphia, Pa.
PR HUTTION ...iiiiiiiiiieiirineeeeeenennncnnnenanenss New York, N. Y.
MANAGERS
WALTER LAIDLAW. .. ...ttt ittt iiiieeinnnnennnnennnenns Cincinnati, O.
FRANK G. TALLMAN. . .. ittt ittt iiinennnann Wilmington, Del.
FREDERICK M. PRESCOTT. . ..ot tviiiininneinnrennnnacennns Milwaukee, Wis.
Terms expire at Annual Meeting of 1908
A. J. CALDWELL. .. icetnreeeneronnnneeensenrnenenannnanns Newburg, N. Y.
G.M.BABFORD ......ccvvttunnnennnenennnencneennnnanas New York, N. Y.
A LRIKER.....ooiiiiiiiiiii i iiiiiiicei i iiineanas Bridgeport, Conn.
Terms expire at Annual Meeting of 1900
WM. L. ABBOTT.....o0tvutunennetensseeracncosnrennnnnne .. .Chicago, IIL
ALEX.C.HUMPHRBYB. . ....oiviiiiiinnennnnnnenneennennnns New York,N. Y.
HENRY G. BTOT . .. ceiiieii ittt iiaieeeitnnnennnnn. New Rochelle, N. Y.
Terms expire at Annual Meeting of 1910
TREASURER
WM. H. WILBY. . oiiiiiiiiiiiiiiinineiiietenenenennananns New York,N.Y
HONORARY SECRETARY
F. R HUTTON. oottt iiiiiiiitaetiteanneananens .. New York, N. Y,
CHAIRMAN OF FINANCE COMMITTEE .
A W.BURCHARD.....coitirreenininnncennncensscennnns Schenectady, N. Y.
SECRETARY
CALVINW.RICE. ....ccovviiiinnnnenn.n. 29 West 39th Street, New York, N. Y.



PAST PRESIDENTS

TavestoN,R.H................ 1880-1882............... Died Oct. 25, 1903
Lzavirr, E. D............. erenens 1883......cciiiiiiannn Cambridge, Mass

Swarr,JoeN E................... 1884.......c0cvvinnnnnns Syracuse, N. Y.
Horroway,J.F. .....ccovvvinnnen 1885....0cvivvninnnnns Died Sept. 1, 1896
SELLERS, COLEMAN, ........0uunn., 1886.......000unnenn. Died Dec. 28, 1907
Bascock,Grorge H. ............. 1887....ccivvvinnnnnnn Died Dec. 16, 1893
8ep, HoRACE. ....cvvvvvnevnnnnes 1888. . 0cvininnnrennns New York, N. Y.
Towns, HeNRY R................ 1889.....ccivvrinnnnnnn New York, N. Y.
SMrTR, OBERLIN ...ooovvvvvnnnnn.. 1890.. .. ccevverniinnnnas Bridgeton, N. J

Hont,RoBERT W....0oovvvnnn.. D5 ) Chicago, Ill

LoriNg,CHARLES H............... 1892, .. .0ieeneinnnnn. Died Feb. 5, 1907
Coxz,EcxueYB................ 1892-18%4............... Died May 13, 1895
DAVIB,E.F.C....ovvvevnennnnn.. 1894 ..ttt Died Aug. 6, 1895
BrLiNGgs, CHARLBS E, ............ 1895 .. ..iiviiiinnnnnnnns Hartford, Conn.
FRITZ,JOBN.....oovvevnrnnnnnne. 1898......c00vicevnnennn Bethlehem, Pa.
Warngr, WorcESTERR........... 1897, . veiiiii ittt Cleveland, O

Hount, CRARLES WALLACE. ......... 1898. . .0ciiieiriiininns New York, N. Y,
MrLviLLe, GeoraeW. ............ 1899. . ..cciieiiinnnnnns Philadelphia, Pa,
MorGAN,CHARLES H .............. 1900......c000eiininnennn Worcester, Mass.
WeLiMaN, S.T......cecvvvvnnnnn. 1901.......ccciiienninnnens Cleveland, O.
ReYNOLDS, EDWIN......cc000 cve.. 1902....ciiiiieieenn cnen Milwaukee, Wis,

PAST PRESIDENTS AND HONORARY COUNCILORS

1908
Dopox, JaMEs M................. 1803 .....cviiiinnnnas Philadelphia, Pa.
SWASEY, AMBROBE. .......co0uut., 1904, .. .ooeeiiiiniinnnnes Cleveland, O.
FrREEMAN, JOBN R................ 1905........c0vvvnnnn .Providence, R. 1.
TavLor, FRED.W..........c...... 1906. . ...vovevnennn. Philadelphia, Pa.
Hurron, FR................ 1907, ...ooiiiiiinn.. New York, N. Y.

[According to the Constitution, Article C 27, the five Past Presidents who last
held the office shall be members of the Council, with all the rights, privileges and
duties of the other members of the Council.]

iv



EXECUTIVE COMMITTEE OF THE COUNCIL

M. L. HoLMAN, Chairman J. W. Lizs, JR.
F. W. Tarror Frep J. MiLLER
CaLvin W. Ricp

STANDING COMMITTEES

1908
FINANCE
ANnsoN W. BurcHARD (1), Chairman Epwarp F. Scanuck (3)
ARTHUR M. Warrt (2) J. WaLpo SMrTH (4)
A. C. DINkEY (5) .
MEETINGS
- CHAS. WHITING BAKER (1), Chairman Wu. H. Bryan (3)
W. E. HawL (2) L. R. PoMEROY (4)

CraRrLES E. Lucke (5)

MEMBERSHIP

Jesse M. Smrtr (1), Chairman CHARLES R. RicHARDS (3)
HeNrY D. HieBARD (2) Francis H. STiLLMAN (4)
GEORGE J. ForaN (5)

PUBLICATION

Frep J. MiLER (1) Chairman D. 8. Jacosus (3)
WALTER B. Snvow (2) H. F.J. PorTER (4)
H. W. SPANGLER (5)

LIBRARY

A. W. Howe (1) AMBROSE SWASEY (3)
H. H. SupLEE (2), Chairman LeEoNARD WALDO (4)
G. M. Basrorp (5)

Notz.—Numbers in parentheses indicate length of term in years that the member has
yet to serve.

v



SPECIAL COMMITTEES
1908
On a Standard Tonnage Basis jor Refrigeration

D. 8. JacoBus G. T. VOoORREES
A. P. TRaUTWEIN "Pmure DE C. BaLL
E. F. MiLLxr
On Society History
Jonn E. Sweer H. H. SurLEE

CHARLES WaLLAce Honr

On Affiliated Societies

F. R. HurroN, Chairman i F. W. Tayror
_R. H. FErNALD H. H. SurLEs
Arex. C. HUMPHREYS
On By-Laws
CHas. Warrace Hunr, Chairman F. R. Hurron
G. M. Basrorp D. 8. Jacosus

' Jesse M. SmrrH
SOCIETY REPRESENTATIVES
On John Fritz Medal Committee
JonN E. Sweer AMBROSE SwASEY
HenNryY R. TownNe F.R. Hurron

On United Engineering Sociely
F. R. Hurrow (1) . James M. Dobge (2)
+ CHAS. WaLLACE Hunt (3)
On Joint Library Committee

HeENrRY HARRISON SurLEE, Chairman Library Commitltee Am. Soc. M. E.

On Natioral Fire Protection Association

JorN R. FREEMAN Ira H. WooLson

On the Promotion of Engineering Education
Arex. C. HUMPHREYS F. W. TavLor

On Government Advisory Board on Fuels and Structural Materials

P. W. GATEs W. F. M. Goss
Gro. H. BARRrus

Nore.—Numbers in parentheses indicate length of term in years that the member has
Jot to serve.
vi



OFFICERS OF THE GAS POWER SECTION
1908

CHAIRM AN
CrarLEs E. Lucke

SECRETARY
HeNRY HARRISON SUPLEE

GAS POWER EXECUTIVE COMMITTEE

R. H. FErNALD, Chairman G. 1. Rockwoop
F. R. Low F. H. StiLLMAN
H. H. SupLEE

GAS POWER MEMBERSHIP COMMITTEE

RosBERT T. LoziEr, Chairman GEORGE W. WHYTE
D. B, RrsuMORE ALBERT A. CARY
F. S. KiNa Josern E. Aue
GEORGE A. ORROK : ‘T. W. Snow

GAS POWER MEETINGS COMMITTEE

Henry L. Douertry, Chairman E. P. CoLeMaN
M. N. Latra C. L. STrRAUB
Cuas. E. SARGENT W. T. MAGRUDER

F. P. THorP ArTHUR L. RIcE

vii



fa

SUMMARY OF MEMBERSHIP

December 31, 1908

UNITED STATES

Membership Membership
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TIowa..ooeeeiiin i, 9 Rhodelsland................... 69
Kansas.............coonvennnnn 11  SouthCarolina.................. 2
Kentucky..................... 8 Tennessee...................... 12
Louisiana...................... 27 Texas......ooevvveeeneennnnnn. 10
Maine............ooevvvnnnnnn. 13 Utah...........coviivvnena... 5
Maryland...................... 30 Vermont..................c.... 8
Massachusetts . .... . ........... 301 Virginia....................... 26
Michigan...................... 86 Washington.................... 10
Minnesota..................... 15 West Virginia.................... 9
Missouri...............ccnnn, 53 Wisconsin.....c.o.ovvvernnnnn. 76

Total membership in the United States..................... 3260

Addressunknown ............. ..ttt 1

Fore1GN COUNTRIES

Membership Membership
Africa...ooeevnieneiinnnnnn.. 14 Holland....................... 1
Australia...................... 9 Indid...coovevinneninniainnnnns 1
Austria.................cconuns 2 Italy........coooiiiiiiiia.., 1
Belgium....................... 6 Japan................0iiaila, 9
Canada.............covvnnnen. 43 MexXicO.........vviiiieninnnnnn 10
Central America................ 3 Norway......oovvivvieeeeaan.n, 1
China............coevvvnnnns 3 Russifie...coeviiieiieiinninin.. 3
Cuba.........covvviiiiiiniinn, 4 SanDomingo................... 1
England....................... 42 Scotland....................... 3
Finland....................... 1 South America.................. 11
France............ccovviinnnns 9 Sweden..........ci.ioiiiiiin.. 5
Germany.............oiuinnn 9 Switzerland.................... 3

Total foreign membership .................coooiiiiiiinLL 194
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SUMMARY OF MEMBERSHIP

Foreignmembership...........coiiitiiiiiiiiiiiiiiiiiiiininnniaennns 194
Membershipin UnitedStates..............ccoiiiiiiiiiiiieeeenneeenns 3260
AdAress UnKNOWN . ..o o itinieneaneeiaseeseasecssasssssonsossannnes 1
B 7 P 3455

By Grapxs

December 31, 1908

Honorarymembers. .............iiiiieiiiiiiiiiinerertriitnnnnnnenss 16
Members. . . ...ttt i i e i e e et 2322
ABBOCIALEB. . ...ttt ittt i i i 357
B 1. - 761

Totalmembership.............cciiiiiiiiiiiiiiiiiiiinienaninnns 3455

ATTENDANCE AT MEETINGS 1908

The following figures show the attendance at the several meetings
of the Society during 1908

January 14 New York............ .ottt 196
February 11 O 223
March 10 ittt taetestsatatnonetaestantansatanns 274
April 14 i ittt it it i ietttsetta it 372
May 12 ittt ae ettt ettt e 169
June 23-26 Detroit (Semi-annual) Members................... 272
Guests.......coovvviiennnan 445 717
October 13 New York........oioiiiiiiiiiiniiiiiinnieneeenaannns 178
November 10 PPN 234
December 14 “ “ (Annual) Members..................... 738
Guests .......oovviiiininnnnns 310 1048
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MINARD LAFEVER HOLMAN

PRESIDENT OF THE AMERICAN SOCIETY OF MECHANICAL
ENGINEERS, 1908

MiNarp Larever HorLman, the President of the Society during
1908, was born June 15, 1852, in Mexico, Maine. He is descended
from a New England family, his paternal great grandfather being
Daniel Holman of Maine, one of the ‘“Minute Men” of the Revolu-
tion. In 1859, Mr. Holman’s parents removed to St. Louis, where
his father, John Henry Holman, enlisted in the Civil War. After
the close of the War, he was appointed Military Governor of Eastern
North Carolina, and commissioned Brevet General.

Mr. Holman’s early education was gained in St. Louis, Missouri,
and Chelsea, Massachusetts, and he was graduated from Washington
University in 1874 with the degree of C.E., and in 1905 the honorary
degree of Master of Arts was conferred upon him by his Alma Mater.

His first engagement after graduation was in the supervising archi-
tect’s office of the United States Treasury at Washington, D. C.,
where he remained two years, after which he spent some time in
Tennessee, and upon returning to St. Louis entered the engineering
offices of Messrs. Fladd & Smith. In 1877, when the senior member
of the firm was elected President of the Board of Public Improvements
of St. Louis, Mr. Holman entered the Water Department of the city
as a draftsman, advancing until he became principal assistant in the
department ten years later. He then resigned to accept the appoint-
ment of Chief Engineer of the Missouri Street Railway Company,
when it was preparing to change its system from horse to cable trac-
tion. He had just entered this work when the Honorable David R.
Francis, at that time Mayor of St..Louis, tendered him the appoint-
ment as Water Commissioner, in charge of the entire water system
of the city. Mr. Holman immediately took up the work ofextend-
ing and modernizing the system, the city expending for this purpose
about $10 000 000.

During the twelve years that he held this office, he caused to be
installed a new low-service pumping plant and six large settling
basins, and extended an intake to the main channel of the Mississippi
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River. He installed new pumping stations, equipped with up-to-date
machinery, which saved the city 80 per cent of fuel. He introduced
the system of paying a bonus to builders for high efficiencies in
pumping engines, which has been followed in the department since
and has resulted in the making of several famous high duty records.
It was under Mr. Holman’s administration as commissioner that a
division of the water distribution was made, so that a part of the city
was supplied from one point and the balance from another. He also
inaugurated the experiments in water sedimentation and purifica-
tion by the aid of chemicals. In 1897 he visited Europe for the pur-
pose of making a study of foreign filtration systems.

Mr. Holman served on the Board of Public Improvements of St.
Louis, which has charge of the public engineering and structural work
of the city, and as Chairman of the Committee on City Lighting had
charge of the undergrounding of the electric wires, and the prepara-
tion of the specifications and letting of contracts for the lighting of
streets, alleys and public buildings.

During his public service, Mr. Holman always stood firm against
political control of important positions, holding that efficiency, and
not political activity, should determine the applicant’s fitness for
appointment and retention. As a result, his department reached a
high state of efficiency.

Upon the expiration of his third term as Water Commissioner,
Mr. Hoknan decided to devote himself to private engineering practice
and opened an office in St. Louis. A year later he accepted the
appointment of General Superintendent of the Missouri Edison
Electric Co., which operated the largest lighting and power plants in
the city. He continued this work until the sale of all the local plants
to the North American Syndicate in 1904, when he formed a partner-
ship with Mr. John A. Laird for private practice in hydraulic and
mechanical engineering.

Mr. Holman’s success in his administration in the St. Louis Water
Department established him as an authority in this field, and he has
since been called into consultation regarding problems'in many
other cities, among which are Kansas City, Cincinnati, Omaha and
Denver. He served on the Board of Appraisers of Denver, which
determined the value of the water system of that city and fixed
schedules of water rates. He has also been called into consultation
from Canada, Mexico and Germany.

Mr. Holman is a member and Past-president of the Engineers Club
of St. Louis; an honorary member of the American Water Works
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Association; a member of the American Society of Civil Engineers
since 1884, and Vice-president in 1905-1906; a member of the Loyal
Legion by inheritance from his father; and a member of several Masonic
fraternities. He has served two terms as Vice-president of this
Society, 1894-1836 and 1903-1905, and was chairman of the local
entertainment committee at the St. Louis Convention of the Society
in 1896.

Mr. Holman is a member and president of the Third Congregational
Church of St. Louis. A






CONFERRING HONORARY MEMBERSHIP ON
MR. CARNEGIE

The inaugural banquet of the Engineers’ Club was made the
occasion for conferring Honorary Membership in the Society upon
Andrew Carnegie. The banquet was held at the new club house,
No. 32 West 40th Street, Monday evening, Dec. 9, 1907.

Andrew Carnegie, Mem. Am. Soc. M. E., Samuel L. Clemens and
Thomas A. Edison, Mem. Am. Soc. M. E., were the guests of honor.
T. Commerford Martin, President of the Club, was toast master.
In his initial address, he paid tribute to the originality of Mr. Car-
negie’s thought in the simultaneous recognition of the equal import-
ance of the social with the technical side of engineering, as exem-
plified in his gift of a club house for engineers and a building for
the engineering societies.

Mr. Martin offered a toast, “ Not to the greatest iron master of the
age; not to the creator of a thousand and one libraries; not to the
liberal endower of research and education; not to the rewarder of heroic
self-sacrifice,—but to our benefactor, our intimate and our associate,
our comrade and our friend,—Andrew Carnegie.”

Mr. Carnegie responded in an address in which he spoke of the
_ value of recognizing the personal equation. He said in part:

“ All knowledge is contributive to every part of other knowledge.
In whatever department of engineering you are, you all contribute to
each other. It is the greatest benefit to come in contact with men
in different departments of your business, and I look upon this club
a3 one of the most potent forces for producing splendid results that
has been projected.” A

He spoke of the possibilities of the club for making permanent
‘riendships, and closed with the words from Hamlet:

“I think myselt in nothing else so happy,
As in a soul remembering my dear friends, ’

Mr. Martin then introduced John Fritz, Hon. Mem. and Past Presi-
dent, Am. Soc. M. E., paying tribute to “ the love and sweetness, the
purity and charity’”’ of his character.
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Mr. Fritz made the presentation speech of Honorary Membership
in this Society to Mr. Carnepie, and gave a few reminiscences of the
early days of engineering, touching upon the difficulties which
brought about a closer association of prominent engineers, resulting in
the formation of the engineering societies, and afterward in the closer
association of the engineering societies themselves in the magnificent
home provided for them by Mr. Carnegie. He said in part, “the
engineer is the most important person upon the world’s stage today,
whether the drama be peace or war. Mr. Carnegie, in erecting these
magnificent buildings and dedicating them to this use and purpose,
has recognized the work and worth of the engineer, and placed him in
a position most justly his. The kindly feelings existing between the
engineering societies promise well for the hope that through the
influence of the engineers, nations may be drawn into closer bonds,
and by our united efforts, all flags entwined in an everlasting emblem
of peace. May this be the glory of the engineer, and the crowning
glory of the Twentieth Century.”

Mr. Martin then received from the President and the Secretary of
The American Society of Mechanical Engineers the certificate of honor-
ary membership, and presented it to Mr. Carnegie. The certificate
was signed by Thomas A. Edison, Alex. C. Humphreys, E. R. Archer,
John A. Brashear, Charles H. Morgan, John Fritz, W. R. Warner,
John E. Sweet, Thos. Fitch Rowland, S. T. Wellman, Charles Wallace
Hunt, and Charles H. Haswell.

Mr. Carnegie, in accepting the certificate, generously acknowledged
his indebtedness to the engineer, and expressed heartfelt apprecia-
tion of the honor conferred upon him.

Mr. Martin then introduced Samuel L. Clemens (Mark Twain), who
gave a characteristically humorous speech on simplified spelling,—
placing the blame for “ this new disaster upon the human race’”’ upon
Mr. Carnegie. He said that Mr. Carnegie had attacked orthography
at the wrong end; having attacked the symptoms and not the
disease, the real disease being in the alphabet. John Foord spoke of
the Scot in America, and said of them that they had performed a
useful function in the association of the practical with the ideal.
“It will take time to show how great are the ideals of Mr. Carnegie.
His idea of beneficence is not to blunt the strength of the}people
who are the beneficiaries, but to nerve them to new effort.”

Mr. William H. Fletcher, Chairman of the Building Committee of
the Club, reported as follows: Cost of the property $2653000. Cost
of the house $545 597.80, of which $450 000 was received from Mr.
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Carnegie. Cost of furnishing the Club $57 285.31. Making the total
cost of the building and land $867 883.11.

The total indebtedness of the Club: mortage to the Bowery Savings
Bank of $110 000, and bonds sold to members $200 000, making a
total of $310 000, leaving an equity of $557 883.11.

Mr. Martin, in a closing speech, acknowledged the valuable gifts to
the club from prominent manufacturing concerns, for its power
house equipment:






MONTHLY MEETINGS

HELD IN NEW YORK
JANUARY 14, FEBRUARY 11, MARCH 10, APRIL 14,
MAY 12, 1908






REGULAR MONTHLY MEETINGS

THE JANUARY MEETING

The January meeting was held in the Engineering Societies’ Build-
ing on Tuesday evening, January 14, at 8:15 o’clock, John W. Lieb,
Jr., Vice-president, presiding.

““ Car Lighting” was the subject of a paper presented by R. M. Dixon,
Mem. Am. Soc. M. E. It was discussed by George R. Henderson, H.
K. Brooks, Lamar Lyndon, B. P. Flory, R. E. Bruckner,W. E. Ver

- Planck, W. D. Young and George L. Fowler.

THE FEBRUARY MEETING

Members and others interested in the formation of a Gas Power
Section assembled in the rooms of the Society in the Engineering
Societies building at 7:30p.m. on February 11.

The meeting was called to order, and Dr. C. E. Lucke was chosen
Chairman and H. H. Suplee, Secretary.

The Secretary of the meeting then read the rules for the formation
of Professional Sections prepared by a special committee of the Society
consisting of F. R. Hutton, R. H. Fernald, A. C. Humphreys, H. H.
Suplee and F. W. Taylor. These rules having' been previously
approved by the Council, thefprospective members of the section also
approved them and proceeded to organize under them.

In substance they stated that a section must be officered by mem-
bers of the Society and that all ordinary expenses will be borne by the
Society. Extraordinary activities may be carried on as a section may
elect, but at its own expense.

The intent of the Society is to give opportunity for any of its mem-
bers to specialize without being obliged to form a new body. It
further provides that persons not members of the Society may enroll
as affiliates of a section. Thus the Society places at the disposal of
sections or affiliated bodies the benefit of the organization of the
Society.

An executive committee of five was chosen as follows: the Chair
appointed Jesse M. Smith and Albert A. Cary. a committee to
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prepare nominations; R. H. Fernald, G. I. Rockwood, F. H. Stillman,
F. R. Low and H. H. Suplee were nominated, and no further nomina-
tions being offered, a vote was taken and they were unanimously
elected.

The name of Dr. Chas. E. Lucke was then presented for Chairman
of the Section, and he was unanimously elected to serve one year from
December 6, 1907.

The meeting then adjourned to reassemble in the main auditorium
where the following professional papers were presented and discussed,
Prof. C. E. Lucke presiding.

“A Continuous Gas Calorimeter” (No. 1187 in this volume),
by Dr. Chas. E. Lucke. Mem. Am. Soc. M. E.

This included a description of the Junker calorimeter, and of several
modifications which had been made to render such devices continuous
in their readings, followed by a description of the improved calori-
meter invented by the author of the paper, in which the ratio of the
flow of gas and water was maintained constant, enabling the calorific
value of the gas to be determined at any moment by the simple inspec-
tion of temperatures. The addition of thermo-electric recording
apparatus to the calorimeter enables it to furnish continuous records.
The paper was illustrated by lantern slides.

“Recent French Experimental Gas Turbines” by H. H. Suplee,
Mem. Am. Soc. M. E.

This was an exhibition of lantern slides of the 300 h.p. gas turbine
constructed by the Société des Turbomoteurs of St. Denis, from the
designs of Messrs. Armengaud and Temale, as well as of the high-
pressure multiple-turbine air compressor designed by Rateau for use
in connection with gas turbine experiments.

‘Gas Engine and Producer Guarantees’”’ by Dr. Chas. E. Lucke,
Mem. Am. Soc. M. E.

After considerable discussion, in which the importance of greater
definiteness in guarantees was generally admitted and urged, it was
voted that the Chair be directed to appoint a committee, of which
Dr. Lucke should be a member, to examine the subject and report to
the Section.

“A Gas Electric Car” by H. G. Chatain, Mem. Am. Soc. M. E.

Mr. Chatain described the car built from his designs by the General
Electric Company at Schenectady, and now undergoing tests. This
includes an eight-cylinder gasolene engine, direct-connected to a
dynamo, furnishing current for electric motors on the trucks. The
engine is of 125 horse power, and the car weighs about 31 tons, the

[
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engine having driven the car at a speed of more than 50 miles an
hour.

THE MARCH MEETING

t

The monthly meeting for March, held in the Engineering Societies
Building, on March 10 at 8:15 o’clock, was well attended, Prof. L. P.
Breckenridge, Vice-president of the Society presiding.

A paper, “The Steam Path of the Turbine,” was presented by Dr.
Charles P. Steinmetz, Mem. Am. Soc. M. E.

It was discussed by Prof. C. H. Peabody, S. L. Kneass, .Prof. S.
A. Reeve and H. E. Longwell.

THE APRIL MEETING
THE CONSERVATION OF OUR NATURAL RESOURCES

The April meeting of the Society, held in the Engineering Socie-
ties building on April 14, at 8.15 o’clock, was devoted to the Con-
servation of our Natural Resources, in response to the invitation
by the President of the United States to codperate for conserving
the natural resources of our country.

The Society extended a generalinvitation to members of the entire
engineering profession to attend this meeting and prominent repre-
sentatives of the four national engineering societies were seated on
the platform with the speakers of the evening.

John W. Lieb, Jr., Vice-President of the Society, was chairman
of the meeting and in his opening remarks extended a welcome
to the distinguished speakers, to the officers and representatives of
sister engineering societies and to the guests.

Four addresses were given as follows:

“The Conservation of the Waters and Woods,” by Dr. W J
McGee, Secretary of the Inland Waterways Commission, represent-
ing the United States.

“The Conservation of the Nation’s Fuel Supply,” by Dr. W. F. M.
Goss, Dean of the College of Engineering, University of Illinois.

“The Conservation of Stream Flow, Water Power,and Navigation,”
by Dr. George F. Swain, Directorof the Department of Civil Engineer-
ing, Massachusetts Institute of Technology.

“The Relation of the Engineer to the Body Politic,”” by Dr. Henry
S. Pritchett, president of the Carnegie Foundation for the Advance-
ment of Teaching..
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At the close of the addresses a number of lantern slides were
shown by Dr. McGee. .

Several letters were read by the Secretary, among which was the
following from the President of the United States:

THE WHITE HOUSE, WASHINGTON
: April 13, 1908.
Mr. CaLviN W. RicE, Secretary, The American Society of Mechanical Engineers,
29 West 89th Street, New York.
My dear Mr. Rice:

1 regret that time did not permit me when you were here to tell you how grati-
fied I am with the zeal and interest which the members of the engineering profes-
sion are taking in the movement to conserve our natural resources.

It is the duty of all our citizens to exercise foresight in these matters, but it is
peculiarly the duty of the engineer, who is in fact a trustee of the forces of nature.
Above all men the engineer is responsible for seeing that our natural resources are
not wasted and that their development is for the common good and for the con-
tinuance of the welfare of our citizens.

1 was particularly pleased with the resolutions passed by your Council and
indeed with the codperation of all engineering bodies in bringing this matter
forcibly to the attention of all the people. I am sorry that I can not be with
you on Tuesday evening to hear the addresses, but I extend to all the engineers
my heartiest good wishes.

Sincerely yours,
[Signed] TuEODORE ROOSEVELT

The following telegram was received from President Schurman of
Cornell University, recently appointed by the Governor of New York
as one of the delegates to accompany him to the Washington confer-
ence:

ItHAaca, N. Y., April 14, 1908.
SECRETARY CALVIN W. RicE 29 West 89th Street, New York.
Regret I cannot attend engineers meeting today. 1 attach greatest impor-
tance to your deliberations on conservation of the country’s natural resources.
J. G. ScHURMAN.

Mr. Lieb then announced that the purpose of the meeting was to
discuss the nature and extent of our resources; the demands which
have been made upon them in the past, and which may be expected in
the future; whether our use of them has been economical or wasteful;
and suggestions in the direction of future public policies which may
lead to a more efficient utilization and a wiser conservation of our
naturalresources. Hereminded the audience that our first President,
the immortal Washington, himself an engineer of ability, was at the
time of his election president of the Delaware and Chesapeake Canal
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Company, and now the President of the United States following in the
footsteps of his predecessor has created a commission on inland water-
ways whose duty it is to formulate a broad policy for the protection
and control of our water supply.

Then followed the first address, by Dr. W J McGee, Secretary of
the Inland Waterways Commission, of which the following is an
abstract:

THE CONSERVATION OF THE WATER8 AND WOODS, BY DR. W J MCGEE

Dr. McGee pronounced the subject of conservation, touching, as
it does, the conditions of the perpetuity of our Nation, the most
important we have ever had to consider. He said what the country
specially needs today is a mental and moral revolution and awakening
by the individual to a sense of obligation for the preservation of the
gifts of nature, not only for the present generation, but for all the
generations to come. He spoke especially of the water as one of the
important resources to be conserved. The average rainfall over the
mainland of the United States is about thirty inches, or about 200 000-
000 000 0CO cu. ft. per year, which would make about ten lower Mis-
sissippi. Just as soon as our population and industries have increased
to such an extent as to consume this annual rainfall, we shall have
reached the limit of our development, unless by that time human
ingenuity has devised some way, recognized by only a few of our
scientists at the present time, of producing water in addition to that
we receive from the heavens.

Dr. McGee said that about three-fifths of the rainfall is evaporated
and serves to temper the air, producing dews, fogs, and regulating the
temperature; about one-fifth passes deeply into the earth, or is con-
sumed in various chemical combinations on the earth’s surface;
the other fifth flows down to the sea. It is for the conservation of
this one-fifth that the people of the United States should be most
concerned.

There is no diminution in the rainfall or the precipitation on the
surface, but too much water flows away on the surface, producing
torrents in the streams and the chain of evils following.

Our injudicious treatment of water, our failure to appreciate its
importance, is greatly influencing navigation. The Ohio river is an
example. At Cincinnati it has a range from low water to flood water
of more than 50 ft., so that it is extremely difficult to maintain
terminals in such a manner as to render the Ohio an effectively navi-
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gable stream. These floods are constantly increasing because of the
deforestation at the headwaters of mountains and foothills in which
the waters first gather, so that the soil is no longer a great sponge,
drinking in the water and giving it back slowly, but sheds it with a
rapidity which gathers it in torrents, and the torrents in turn take
millions of tons of soil on the way and deposit them in the channels
of the stream, an obstruction to navigation. The navigability of our
streams on the whole today, is much less than it was at the time of
the first settlement of each district.

Dr. McGee further said: The soil is one of the assets of the earth
which is only lately recognized by this nation. It is the original
vegetable humus, the accumulation of centuries, even of milleniums.
The Mississippi valley alone is losing every year more than 500 000-
000 tons of richest soil matter through soil erosion, and the entire
United States is losing somewhere between 1 000 000 000 and 2 000-
000 000 tons. Considering the lowest price of this soil as a fertilizer,
which cannot be less than $1 a ton, the farmers of the United States,
through soil erosion alone, are paying an annual tax of between
$1 000 000 000 and $2 000000000, which is absolutely without return.

The loss of our soil means the loss of our forests; the exhaustion
of our iron ores; the exhaustion of our coals. To consider one rela-
tion between coal, iron and water, where rivers are navigable, it
requires only about one-tenth as much iron to carry a given cargo of
freight by water as to carry the same cargo by rail, so that improve-
ment in our navigation will diminish the tax on our iron ores. It
requires to carry each ton of freight only about one-eighth (depending
of course on the speed movement) as much coal to carry the freight
on water, as is required to carry the same freight by rail, so that
improvement of navigation will cut down the rate of consumption of
coal, at least relatively. These are among the relations that might
be multiplied indefinitely.

THE CONSERVATION OF THE NATION’S FUEL SUPPLY, BY
DR. W. F. M. GOS8

Abstract

This subject was presented by the speaker under four headings:
The Value of Fuels, The Production of Fuels, Lack of Economy in
the Use of Fuel, and How Economy of Fuel is to be Secured.

Under the first heading striking illustrations were given of the
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magnitude of the mining and allied industries. In 1850 there were
mined in the United States 6 000 000 tons of coal, and since this date
the annual production has more than doubled every ten years, until in
1906 it reached the enormous amount of 414 000 000 tons.

In addition to these 414 000 000 tons of anthracite and bituminous
coal mined, there were drawn to the surface nearly 400 000 000 000 cu.
ft. of natural gas weighing over 9 000 000 tons and 126 000 000 barrels
of oil weighing approximately 17 000 000 tons. Summarizing these
gives the enormous total of 440 000 000 tons, an amount so great as to
challenge the imagination.

Fancy it all, for example, to have the form of marketable size
bituminous coal and to be dumped into & windrow of triangular cross
section, piled to a height of 32 ft., with a width of base of 46 ft. Such
a pile would be as high as an ordinary two-story pitched-roof house.
It would contain nearly 30 tons per foot run, while the length of the
windrow would be sufficient to reach from New York to San Fran-
cisco. This measures the annual rate of production at the present
day only; what will be the rate 10, 50, or 100 years hence?

Under the secand heading Dr. Goss recounted some of the wasteful
methods of mining. The tendency in many districts is to accomplish
with powder what ought to be done with pick or machine. Exces-
sive charges are common, which increases the percentage of fine coal,
in many mines never hoisted. Heavy explosions not infrequently
bring down the roof of the mine over large areas of coal which under
present day conditions cannot be successfully opened up again.
When a good layer of coal is overlaid by one or more thinner layers
which cannot be worked with the same facility as the layer below, it
is common practice to take out the coal below and to permit the roof
above to cave in, destroying the continuity of the thinner layers
above, making subsequent mining operations impossible.

Or the coal above may be heavy and of satisfactory quality, but
seamed with thin layers of shole or slate, so that the expense cf
separating it from its impurities makes it unattractive and it is

consequently not taken out. Again, the presence of abnormal
amounts of sulphur in portions of a layer of coal otherwise satisfac-
tory may result in the partial removal of a single heavy layer, the
undesirable portions being left as abandoned property. It is esti-
mated by one high in authority,! whose experience has been chiefly
in the Appalachian field, that approximately 50 per cent of the coal
in the mines never gets to the surface.

! ]. C. White, State Geologist of West Virginia.



F

18 SOCIETY AFFAIRS

In the production of oil actual waste has probably not been great,
although the supply has been heavily drawn upon. The waste of
natural gas, however, has been very great. In 1891 it was estimated
by Mr. Gorby, State Geologist of Indiana, that the amount of gas
daily consumed at the wells and actually wasted was in excess of
100 000 000 cu. ft. Since that time the wastes have been allowed to
continue. Twelve years later a pipe line delivering 1 000 000 cu. ft.
a day was found to be leaking six times the volume it delivered. As
the supply of gas diminished, oil appeared and old gas wells were
uncapped for the purpose of blowing down the pressure to promote
the flow of oil. Under the influence of heavy legitimate consump-
tion and of these wastes, the Indiana field is now, seventeen years
after Mr. Gorby made the statement above referred to, practically
dry. Fuel sufficient in quantity to have served generations of people
was squandered in a period of two decades.

Under the third topic the speaker called attention to the fact that
in every movement of fuel, from the point of production to the stack
of the furnace in which it is used, loss occurs which, by the exercise
of attention, may be reduced or entirely eliminated.

The greater part of the fuel supply is consumed in industrial proces-
ses, a comparatively small quantity being required to keep the nation
warm. Nearly one-fourth of the total output, or about 100 000 000
tons, goes to the railroads and is for the most part consumed in loco-
motive fireboxes; that is, 51 000 locomotives are today burning coal
at a rate which is in excess of the rate of total production 25 years
ago. Approximately 20 per cent of the coal supplied locomotives is
used in starting fires, or in keeping the machine hot while standing on
side tracks, or is left in the firecbox at the end of the run. Sixteen
million tons of the annual consumption are thus accounted for.
From 8 to 10 per cent of the remainder is discharged as unconsumed
fuel from the stack during the operation of the locomotive and the
remainder is required for the generation of steam.

If American locomotives were of a more highly developed type
such as are employed for foreign service, if they were designed
with compound cylinders or with superheaters, the amount of fuel
required would be less and the annual coal consumption would be
reduced 6 000 000 to 10 000 000 tons.

The use of coal in the manufacturing industries of the country is
on the whole probably not attended by a higher degree of efficiency
than that which prevails on railways. Everywhere there are evi-
dences of bad or imperfect practices.
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In pointing out how economy of coal is to be secured, Dr. Goss
said the necessary steps are: _

a Scientific research for the establishment of facts;

b Practical development of the facts thus developed on a scale
which will convince men that there is profit, direct or
indirect, in a better practice;

¢ Restrictive legislation which will protect the public from the
competition of unscrupulous men;

d Effective inspection which will secure enforcement of laws.
The process must begin with education—not with coercion.

The speaker then showed how improvement could be secured at
the mines through a better understanding of the use of explosives
and regulation of their use, referring to the improved practice in
England in this regard. Processes must be developed for working
coal above ground whereby inferior grades may be better adapted to
use. Fine coal must be washed and if this is not sufficient to give
them a market they must be coked or briquetted. Slaty and sul-
phurous coals must be crushed and washed and processes now undis-
covered must be called into service to make it profitable to hoist from
the mine every ounce of available fuel. Wherever it can be shown that
such processes are practicable, it is but reasonable to compel their use.

In the matter of the economical use of fuel we still have much to
learn, a statement emphasized by the fact that the problem relates
largely to the use of bituminous fuels, of all fuels the most difficult
to handle. The task of learning how to burn efficiently and without
smoke the good and bad soft coals of our country is a task assigned
to the present generation, and The American Society of Mechanical
Engineers constitutes the strongest single influence in this work.

It has not yet been shown as a commercial proposition how small,
soft coal fires under boilers can be maintained without smoke. No
laws have been deduced to define the desirable length of flameway
for coals of different compositions. The possibility of a much more
general application of the gas producer, both as an individual piece
of apparatus and as a detail in furnace construction, are yet before
us. These and many similar matters are fundamental in the develop-
ment of a more economical practice.

The conservation of our fuel resources is an engineering problem and
it will yield to treatment in proportion to the engineering skill which
is concentrated upon it. The matter is of national importance and
should receive national attention.
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THE CONSERVATION OF STREAM FLOW, WATER POWER AND NAVIGA-
TION, BY PROF. GEORGE F. SWAIN

Abstract

In opening his address Professor Swain drew a parallel between the
individual and the nation, and said it is always a delicate task to
induce either an individual or a people to live prudently and husband
its resources. This country, like almost all others, has erred both in

unduly drawing upon its natural resources beyond the power of

reproduction to support the consumption, when such power exists;
and also by waste and extravagance, unaccompanied by any corre-
sponding good.

Turning to the subject of water, he said that when the country had
a small population pure water could be had in unlimited quantity.
But with the recklessness characteristic of the human race we allowed
our streams to become polluted, and the public health endangered.
Our streams should not only be preserved in volume, but in purity.
Much depends, also, upon the preservation of the regularity of stream
flow, and streams may be preserved and regulated in two ways:

a By the preservation of forests;
b By constructing reservoirs.

The preservation of forests appeals to us both as a source of supply
of important material and as a means of affecting stream flow. Waste
and fire have so reduced our originally magnificent forests that
now we are told there is but 20 years’ supply left.

It is improbable that forests increase the total rainfall or run-off.
Indeed there are reasons for thinking that they sometimes decrease
the total run-off. Trees intercept about one-fourth the total rainfall
by their leaves and branches, not allowing it to reach the ground; they
also absorb considerable moisture by their roots, to be evaporated
through their leaves; but these losses are more than compensated for
by the reduction of evaporation of water from the ground or from
water surfaces, which is only about one-fourth to one-third as great
in forests as in cleared ground. The forests act as a shield against
the wind, cool the air and increase the relative humidity. Some
writers claim that forests evaporate immense quantities of water, but
as Ebermayer found the total amount of moisture in the air to be
almost the same in forests as in cleared ground, we may dismiss this
contention; and we furthermore have the conclusion of Risler that
forests evaporate less than grass land.



SOCIETY AFFAIRS 21

Facts were also cited to prove that forests are regulators of flow
and that whether they increase or decrease the total run-off is un-
important; for the value of a stream depends not upon its total flow,
but upon the regularity of that flow. The humus of a forest is a
great sponge which absorbs the water and gradually gives it out.

Examples were quoted of the effect of removing forests. In
France a small spring flowed from a cleared area, a forest of firs was
allowed to grow up, the spring broke forth in much larger volume,
and for 40 or 50 years was considered the best in the neighborhood.
Finally the woods were cut off, the spring dwindled, and condi-
tions became as they were 90 years before. Becquerel, Marsh, and
other writers give many examples showing that the cutting down of
the forests has been followed by the drying up of springs, the lowering
of lakes, and an increasing irregularity in the flow of rivers.

Hough, in his Elements of Forestry, says:

The Khanate of Bucharia presents a striking example of the consequences
brought upon a country by clearings. Within a period of 30 years this was one of
the most fertile regions of central Asia, a country which, when well wooded and
watered, was a terrestrial paradise. But within the last 25 years a mania for
clearing has seized upon its inhabitants and all the great forests have been cut
away, and the little that remained was ravaged by fire during a civil war. The
consequence was not long in following and has transformed the country into a
kind of arid desert. The water courses are dried up and the irrigating canals
empty. The moving sands of the desert, being no longer restrained by barriers
of forests, are every day gaining upon the land, and will finish by transforming it
into a desert as desolate as the solitudes that separate it from Khiva.

Forests diminish the violence of floods. A wooded surface can
never pour forth such deluges as flow from cleared land, or especially
from unwooded mountain slopes, and the forests on these should be
protected, especially as such land is not suited-to agriculture.

In the French Department of Lozere, which was among those most severely
injured by the inundations of 1866, it was everywhere remarked that the ground
covered with wood sustained no damage, even on the steepest slopes, while in
cleared and cultivated fields the very soil was washed away and the rocks laid
bare by the pouring rain.

If forests are cut down and not replaced, we must therefore expect
an increasing irregularity of flow of streams. We must not, however,
claim too much, or expect that by allowing forests to grow freshets
can be entirely done away with. If fire follows lumbering, as is
often the case, the soil is damaged and the trees cannot grow upon it
for a long period.
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It is not necessary to emphasize the importance of water power to
an audience of engineers. Many of our industries came into existence
because of it and the cities of Lawrence, Lowell and Manchester would
very likely never have been founded in their present locations but
for the existence there of great waterfalls.

In the five streams with their tributaries which drain the White
Mountain region, it is estimated that 350 000 h_p. is utilized, this being
about 20 per cent of the total utilized water power of the country,
and nearly 3 per cent of all the utilized power of the country. In
the Southern States the development has been also great, especially
in recent vears, but there are still greater possibilities. The United
States Geological Survey estimates that there is a minimum of 2 800-
000 h.p. generated on streams draining the Southern Appalachians,
of which one-half or 1 400 000 h.p., can be economically developed.
At $20 per horse power per annum this represents $28 000 000 per
annum. This estimate is given simply to indicate that even relatively
small injuries to water powers may result in a great injury in the
aggregate.

The second means of controlling stream flow is by storage reser-
voirs. This methed has not vet been undertaken to any large extent,
though every mill pond is a storage basin. This methed. however,
will naturally be used more and more and the reservoirs will be located
near the headwaters of the streams where the floods have their origin.
Here the effect of the destruction of forests is most injurious, for from
the steep unwooded slopes the rain and melting snows will carry off
great quantities of earth and deposit it in the rivers and reservoirs;
and the best part of the earth, fertile top soil. will be carried off in this
way, not only filling up the streams, but making the soil incapable
for a long time of supporting a forest growth. This silting up is
especially to be feared in the Southern Appalachians. where the soil
is deep to the mountain tops, but it is also of importance in the White
Mountains. We spend great sums for dredging the lower reaches of
our rivers, whereas the preservation of our forests would render unnec-
essary some of this work at least.

What should be our position as engineers on matters of this kind?
Should we not exert ourselves to do our full share both in the devel-
opment and conservation of our natural resources? Engineering is
a noble profession Engineers as a rule are honest. intelligent, capa-
ble men. The) have been trained to cope with the forces of nature
and to direct them for the use and convenience of man. They have
been taught to seek the truth and not to make the worse seem the
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better reason. This is the age of the engineer, but the engineer has
not yet come to his own. He is too often looked upon as a servant
or employee, a tool for others to use, not a leader. This is perhaps
to some extent the fault of the engineers themselves. Too frequently
they are so much absorbed in details of their profession that they
do not grasp, or seek to grasp, the broader problem of which their
work is a part.

In the development and conservation of the nation’s resources is it
not to our own profession that the nation should look for the men,
who by training and knowledge are best fitted to show the way? An
individual responsibility rests upon us to take an active, interested,
enthusiastic part, directing public opinion instead of being subservient
to it.

THE RELATION OF THE ENGINEER TO THE BODY POLITIC, BY
DR. HENRY 8. PRITCHETT

Abstract

A profession as distinguished from a business implies a vocation
in which not only is expert service applied for the benefit of him who
uses it, but also in the interest of the state and the public. We are
prone to consider the essential difference between the work of the
engineer of today and the engineer of the past to lie in the greater
achievement which the engineer of the present day may compass
through the largeness of his enterprises and the rapidity with which
great projects are carried out. This way of thinking is, I think,
essentially wrong. I doubt whether the engineer of today deserves
any great honor, as compared with the engineer of a thousand years
ago, from the mere consideration of the size of hisoperations. An
engineer ig a man who applies the science of his time to the construc-
tion of works which have to do with the needs of his day. Measured
by this standard, the engineer of today can boast very little over the
engineers who raised the pyramids, who built the temples of Karnak
or the hanging gardens of Babylon, in the mere matter of size.

The great difference between the accomplishments of the engineer
of today and of the engineer who built the pyramids lies not in the
difference of magnitude, but in the difference of purpose in which
their respective tasks were undertaken. The engineer of a thousand
years ago wrought as the servant of a king, did the things that the
king commanded, and these things in many cases were associated
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with enterprises of little moment for civilization or for improvement.

The engineer of today works also in employment. not always of a
king. but of an employer or a company; but hizs work differs from
that of the engineers of a thousand yvears ago in the fact that he works
always in the service of mankind. The building of the pyramids was
a splendid engineering feat, which always excites our admiration,
but it had small significance in promoting the comiort. happiness or
civilization of the people for whom they were built. There was cele-
brated in this city last week an event much less picturesque: the open-
ing of the four tunnels which connect the city of New York with Long
Island, and yet this latter work of the engineer has a far larger public
interest and is of far higher public service.

Engineering has grown from a vocation to a profession. It has
entered into the company of those great csllirgs whose members are
recognized as not only the servants of those who employ them, but
as the guardians. also, of the public interest and the publie honor.
There can be no question thst professions in our socisl order rise to
great power only by reason by the strict semse of honor of their
members and again lose relatively by 3 lack of ohservarce of thst sense.
There is no truer word than tzat of Bacon. I kold every man a
debtor to his profession.”

It is thiz standirg of engireericg as a profession. ratker than
a business. a sense af honor founded on the highest professional
ideals. rather than in the exigezcies of busizess Lfe. which I wish to
urge upon the engineers of our Jday.

And what is the practical signifieance of such 5 distinesion in this
matter which we are corsiderizg? Istre engizeer to Jeckize to earrv
out the wishes of his emplover? Is ke <o set Zimselr up ss the judge
of that which is fitting and right sazd profizstle. for those who pay
hiz saisry?

Thke answer to these questions iles in the use of fuir lndement. a
sound sense of justice. snd a quiek appreciszion of ’:e Iarger putlic
causes. The engineerisin s uzigue position to exervize o iz advice.
his suggestion=. and his conscinusness of t2e puble interest. 3 grest
influence in the encoursgement of justice snd of wisiom. It will ke
a part of thé horor due to his professioz to loox slwsrs 57 the laoper
rather than at the smaller view ¢ leveiopmen:: 1o unlertixe the
consideration of great enterprises rsther from tZe stan
great and unlimited future thac fmom the vs.r.-i smalland
pmited present. In a word he willl i he be 1 trie memder of &
profession, while serving Izl his emplaves, Seep ever Telrre the

.
ime of the

~
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eye not only of himself, but of those whom he serves, the honor of his
own profession, the debt which he owes to it, and the service of the
larger interests of humanity which these considerations require.

THE MAY MEETING

The May meeting was held in the Engineering Societies’ Building
on the evening of May 12, Fred J. Miller, Vice-President, presiding.
The paper of the evening, upon “Clutches’” (No. 1188 in this volume),
was given by Henry Souther, of Hartford, Conn., Mem. Am. Soc.
M. E, and a member of the Society of Automobile Engineers and
of the Association of Licensed Automobile Manufacturers. There
was a representative audience and the discussion was correspond-
inglv varied and complete. Mr. Souther dealt largely with clutches
as used in automobiles, and much of the discussion which followed
supplemented what he had to say by descriptions of clutches
developed in other ficlds of work. Charles R. Gabriel of New York
showed a number of lantern slides of clutches used in power press
work, and Frank Mossberg of Attleboro, Mass., touched upon the
same class of work. E. H. Neff, New York, and E. J. McClellan,
New York, took up clutches in machine tool work. Others who
participated were Fred Miller, Buffalo, N. Y., J. J. Bellman, New
York, H. F. J. Porter, New York, and B. D. Gray, of the American
Locomotive Co., Providence, R. I. .

This paper was brought up again for discussion at the spring meet-
ing at Detroit. .
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A SIMPLE CONTINUOUS GAS CALORIMETER

By Pror. C. E. Lucke, NEw York
Member of the Society

All heat engines in practical operation, when supplied with com-
mercial fuels, may have their performance expressed in pounds
of coal, gallons of oil, cubic feet of gas or other fuel units per
horse power hour; but as the thermal value of the different specimens
of any one fuel is not constant, such a mode of defining performance
fails to give the thermal efficiency of the engine or plant, and in
addition, and what is more important commercially, it is impossible
to judge which is the cheaper fuel.

2 The high class steam plants and large consumers have come
to the point of purchasing coal in heat units instead of tons, and their
specifications contain a fixed price for one quality of fuel, based on
its calorific power as found by systematic and regular calorimeter
tests, and carry with this clause a bonus for exceeding a fixed calorific

power and a penalty for failing to reach it. The coal in any one ship-
ment will run fairly constant in calorific value, so it is only necessary
in such tests that the calorific value of a fixed number of samplesbe
taken to evaluate the lot, in order to reduce the purchasing of coal
to the basis of the purchasing of heat.

3 The coal calorimeter thus has been brought into use as a com-
mercial measuring apparatus, as valuable in the daily work of the
plant as the coal scales, and its sphere of usefulness has in consequence
been extended beyond the more occasional efficiency tests of the coal
fired plant.

4 In a similar manner the calorific value of a fuel gas fixesthe
output of the gas producer, the input energy of the gas engine, and
the usefulness of public service and other gas supplies for such pur-
poses as furnace heating, cooking and the production of light by all
mantle methods. The gas calorimeter has found a useful place in tests

of gas for such purposes, but as the calorific power of a gas may vary

Piesented before the Cas Power Section at the Monthly Meeting (February
11, 1908), of The American Society of Mechanical Engineers.
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widely and quite suddenly, such tests become of value only when made
continuously, which is not possible with the ordinary intermittent
instrument. And further, to be of commercial value in the pur-
chase of heat in the form of gas instead of buying cubic feet of gas,
it is necessary that the gas calorimeter be made automatic as well as
continuous, or at least that it be continuous, and operative by common
unskilled labor. In the everyday operation of a gas power plant, °
involving the gas engine and producer, the daily performance of one
cannot be separated from the other without such an instrument, nor
can the engine and producer operator do more than guess at the
proper adjustment and handling of their apparatus.

5 The general need of such an instrument, that would be as useful
to the gas maker and gas user as the steam gage is to the fireman
and steam engineer, has been keenly felt, and serious effort has been
made to supply the need; but as the work of different investigators has
never been published it is necessary to resort to the records of the
patent office to show the nature of this effort, which has not as yet
resulted in the placing of such instruments on sale.

6 Prof. Hugo Junkers of the Royal Polytechnicum at Aix-la-
Chapelle, Germany, patented in this country March 10, 1896, the gas
calorimeter shown in Fig. 1, which up to the present has been the
standard instrument for the determination of the heating power of
gases. The principle underlying the instrument is extremely simple,
and as most of the members are familiar with it, it will not be
described in detail here.

7 A gas burner of the Bunsen type liberates the heat of combus-
tion of the gas. The hot products of combustion from this burner,
together with any excess air that may have been admitted to the

“chamber containing it, pass vertically upward through a straight
flue, under the ordinary draft influence of the heated column. They
then pass downward through a number of small tubes surrounded by
water which, in cooling them below the atmosphere, assists in the
descent of the gases.

8 Adjustments are provided in the instrument, consisting of a
water-controlled valve to regulate the quantity continuously flowing
through, and different gas orifices for the burner, to accommodate
different gases which may vary in calorific value from less than 100
to more than 1000 B.t.u. per cubic foot, to the end that the final tem-
perature of the issuing products of combustion may be reduced to that
of the atmosphere, it being assumed that the gas is supplied at the
same temperature as the atmospheric air. With corrections for
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radiation, this mode of procedure results in giving to the water
flowing through the instrument all the heat of combustion of the

gases and none of the heat of the atmosphere which supports the com-
bustion.

SHARGE
IR WASTE

SECTION

wi

F1a.1 Junkers Gas CALORIMETER

9 An accurate wet gas meter is used to measure the amount of gas
burned, and a graduated liter jar, into which the discharging water
can be directed at will, serves to measure the quantity of water simul-
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taneously with the gas. A small gas holder is also provided to remove
irom the meter, as far as possible, the pressure fluctuation effects of
the pipe line, permitting the gas to be measured at a constant pressure.

10 Wide fluctuations of gas;pressure exist in ordinary working,
especially in blast furnace plants, often varying from ten inches water
pressure above to several inches below atmospheric pressure, without
warning and in short periods of time. In such cases the gas supply
is to be provided for by separate means, as must also be done when a
suction producer, which is always under a vacuum, is under observa-
tion. The best method I have found of eliminating this variable
pressure trouble has been an ordinary suction tee, discharging into a
reservoir chamber with a water sealed overflow.

11 Another defect of the ordinary Junkers instrument that
becomes somewhat serious with weak gas is the tendency for the gas
to go out at the burner, due to the lifting action of the draft on the
flame. This I have succeeded in overcoming in practically every
case by placing a flat disc of copper about one-eighth inch above the
burner outlet, and extending beyond the burner about one-half inch
allaround. The flame will then burn under the disc with no tendency
to lift and is supplied with the proper amount of air on the under side.

12 A third defect, and probably the most important commercially,
is that after the observations have been made of quantity of gas, quan-
tity of water and temperature rise of the water, which require a
reasonably skillful man and considerable time, the calorific power is
found only by calculation as follows:

lb. of water

B.t.u. per cu. ft. of gas = oy ft. of gas X temp. rise of water

13 The instrument therefore, though found extremely valuable
in test work, fails under the conditions of operation previously men-
tioned; is not continuous, and therefore is not as valuable com-
mercially as it might be. It cannot be handled by a common fire-
man in charge of a producer, and furthermore is quite expensive.

14 It was pointed out by Junkers in 1903, and later by several
others independently, that if the ratio of the watergsupply to the
cubic feet of gas burned in the same time could be kept constant,
then the calorific power would be directly proportional to the tem-
perature riseof the water. A patent was issued toJunkers in England
in 1904 and on October 19,1906, in the United States, ten years after
his original patent, describing an instrument to maintain this pro-
portionality and to record the differences in temperature, thus making
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the instrument continuous and automatic. Fig. 2 shows what was
proposed by Junkers to accomplish this result. To the gas meter
there is now added a water meter, and the two meters are geared
together.

15 I doubt whether any water meter and gas meter can be made
that will accomplish the desired result when one drives the other,
or when both are driven from an outside source, until new principles
in meter operation are discovered; and the additional meter adds to
the expense. The rise in temperature of the water is found directly

Fie. 2 Junkers CALORIMETER, WITH WATER METER, WHICH 18 GEARED TO
Gas METER

by a sliding scale extending over the stems of the two thermometers
and graduated the same as these thermometers; the zero to be applied
to the low temperature and the rise to be read off, directly opposite
the high temperature. By introducing on this| ,Sliding scale the
constant of proportionality fixed by the meters asecond scale may
beadded, giving directly the British thermal units per cubic foot of gas.
16 To make the instrument recording, or readable from a dis-
tance, Junkers proposed a thermo-couple and a milli-voltmeter,
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which may be either of indicating or of recording type, and will
give directly the temperature difference between the hot and coid
junctions.

17 A second means of attaining proportionality was proposed by
Schutte and Koerting and a patent covering it was granted them on
January 2, 1906. This involves the principle of displacing gas by the
water to be used, both directly and indirectly, two forms being shown.
In the direct form, Fig. 3, a pair of small tanks is arranged above the
gas heater or calorimeter and provided with numerous valves and
ports to control the flow of water and gas. Water admitted to one
of these chambers displaces gas from it, the gas having previously
been drawn in while the water was running out to the instrument.
The various valves are operated by the rise and fall of these two
chambers, due to the weight of water they contain, with the net result
that the water and the gas are taken alternately from the right and
left hand chambers, the gas being forced to the burner by the filling
of one chamber with water, and the water being supplied to the
instrument by the emptying of the other chamber simultaneously,
drawing in a gas supply.

18 This principle of displacement produces intermittent action
and an element of uncertainty in momentary ratios of water to gas,
because the rate of gas supply depends on the rate with which a tank
fills with water from a constant head supply, while the rate of water
supply depends on the rate with which a similar tank discharges this
water under a variable head. In order that the momentary rate of
filling and emptying two similar but separate tanks may be the same,
_ there is involved a very complicated problem in practical hydraulics
which is not here solved.

19 The second form of apparatus for the attainment of propor-
tionality proposed by these men, shown in Fig. 4, includes a pair
of piston pumps and is free from the objection noted above, but is
also very complicated and costly. The principle involved in both
of them however—the attainment of proportionality by displacing
the gas with the water—is is extremely interesting, although in
practical application it is somewhat difficult to reduce to simplicity
and positiveness.

20 Another interesting new point in this case is the means pro-
posed for recording the temperature differences after the proportional-
ity is established. Instead of using the thermo-couple proposed by
Junkers, a means is shown depending upon the expansion of a liquid
which is really a differential liquid thermometer. Into the water
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entering the instrument and into the water leaving the instrument
two small liquid chambers are inserted, each provided with a small
plunger projecting out through the top. As the liquid in this
plunger chamber takes the temperature of the cooling liquid, the fixed
body of liquid will expand and contract and the plunger projecting
into it and held by a spring in one direction will rise and fall. The
difference between the position of the two plungers with an initial
setting indicates the difference between the temperature of the
ingoing and outgoing liquid, with a certain time-lag of course, and

Fi1G. 5 SARGENT’S ARRANGEMENT OF THBE JUNKERS CALORIMETER

is made to indicate on a dial by a piece of mechanism entirely
mechanical.

21 One attempt to reduce the labor necessary to operate the
ordinary Junkers instrument and also to eliminate the error of simul-
taneous reading of water and gas is shown in Fig. 5, which represents
the instrument patented by C. E. Sargent, March 27, 1906. The new
element in this case is the water valve controlling the discharge from
the heating chamber, which is magnetically operated through electri-
cal contacts on the gas meter dial. The instrument is however
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intermittent in action and requires the attention of an operator to
observe the quantities and to make calculations for calorific power.

22 An instrument of the automatic sort was patented by H. L.
Doherty, August 14, 1906, which in principle is much the same as
that described by Schutte and Koerting. The maintenance of propor-
tions between the water and the gasis accomplished by Mr. Doherty by
displacing the gas supplied to the burner from a tank, with the water
that has passed through the heating chamber. Preparatory to using
the gas it is allowed to remain in the tank long enough to acquire the
temperature of the room and the final temperature of the g s is
adjusted by varying the effective heating surface of the heater, thus
reducing any error due to inequality of the temperature of the gas,
air and fuel. The instrument is complicated, requiring some sixty
figures in the patent specifications to illustrate it.

23 The various attempts to render the instrument automatic and
continuous have, in the first instance, involved greater complication
than the original instrument, whereas it is extremely desirable that
less complication be introduced and real continuity of action, instan-
taneous equality of rates of gas and water flow, and maximum sim-
plicity, be attained.

24 The method which I have proposed and used for accomplishing
this is shown in Fig. 6 as applied to the heating chamber of the ordi-
nary Junkers instrument. It is well known that a nozzle or fixed
orifice, when supplied either by gas or water under a constant pressure,
becomes a very accurate measure of the quantity flowing. In the
instrument shown, water is allowed to flow to the heating chamber
from a water nozzle, and gas to the Bunsen burner through a gas
nozzle, both supplied from a constant pressure chamber. With
these nozzles the constancy of ratio of the quantity of gas to quantity
of water can be maintained without difficulty, the only possible
sources of error being in a considerable change of pressure, which is
improbable, or in a clogging of the instrument by dirt, which probably
would not be serious by reason of the mode of introducing the gas by
water aspiration and the ease with which nozzles can be removed.

25 At the top is shown a water aspirator which draws gas from
the main through a water seal to remove the main pressure, dis-

charging water and gas together into the chamber. The surplus
water passes down the center through an overflow and the surplus
gas goes through a water sealed by-pass shown here as a glass bottle.
Gas is then taken from the top of the chamber to the Bunsen burner
and water from the bottom of the chamber to the water orifice. The
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water supply pipe to the heating chamber is arranged to bring the
inlet water thermometer close to the outlet water thermometer and
in the final form of such an instrument these two stems will be
arranged so as almost to touch, permitting the use of a sliding scale,
such as proposed by Junkers. There may also be used in place of
these thermometers, and if desired in addition to them, a group of

F16.6 JUNKERS CALORIMETER, ARRANGED BY THE AUTHOR FOR GIVING A
i CoNTINUOUS RECORD OF THE QUALITY OF GAS

thermo-couples. At my request Prof. Wm. H. Bristol applied
such a group of couples to this instrument in my laboratory at
Columbia and recorded the temperature difference on one of hie
transparent smoke chart recording milli-voltmeters, which gives, so
far as I know, the first continuous record made in this country of the
quality of gas applied to a main for a considerable period of time.
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26 It is evident, also, that the form of the chamber from which
the water and gas are both supplied to the nozzle and the means of
maintaining a constant pressure therein may be subject to quite a
large number of variations in form to adapt it to the particular
conditions or the taste of a designer, the requirements being simply
that water and gas shall be supplied from a constant pressure chamber,
and preferably supplied to that chamber; though not necessarily by a
water aspirator, which would render both the gas and chamber pressure
independent of pressure fluctuations of the gasmains. To adapt the
instrument to different gases, it is necessary only to supply calibrated
nozzles of different capacity. Thus, for rich natural gas a small
gas nozzle and a large water nozzle would be used, while for producer
gas or blast furnace gas a large gas and a small water nozzle. By the
adjustment of nozzles any desired rise in temperature with any kind
of gas can be secured and it takes only a minute or two to change the
nozzles. Two chambers can be used if desired, one for water supply
and the other for gas. This is especially desirable, even if not abso-
lutely necessary, for gases containing matter that might be absorbed
by water or lost by condensation, such as CO, or some hydro-
carbons.

27 Tt is hoped that this presentation of the problem of continuous
gas calorimetry, and one simple mode of solving that problem, will
prove of some benefit to the gas power industry by removing one of
the many uncertainties involving both the commercial and scientific
phases of the question.

DISCUSSION

Mr. HENRY L. DoHERTY I am the inventor of the calorimeter
which Professor Lucke describes as very complicated, and if I am not
mistaken, I am the earliest inventor of the displacement principle in
this connection. When my application went into the patent office,
no citations were given me of antedating patents.

2 The question of a continuous gas calorimeter is of considerable
importance, especially for producer gas. The calorific value of a
gas changes very quickly, and a continuous gas calorimeter that
will not lag too far behind the operation of the producer is important,
and one of the greatest considerations is to get a prompt record of the
performance of the producer, and not have the calorimeter lag behind
geveral minutes, as is apt to be the case. We have secured very good
results by simply burning gas in an open flue, and recording the

temperature of the escaping flue products. This is a scheme which is
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positive and will give accurate results, but I have not applied for
patents on this calorimeter, and have never put it on the market; nor
have I ever put the other one on the market, which Professor Lucke
terms complicated, and which, by the way, an inexperienced operator
can run continuously within four B.t.u. on a gas of 600 B.t.u., and
come within 4 of 1 per cent.

THe AutHOR It is somewhat disappointing to note the small
amount of discussion on this important topic of simple, continuous,
indicating and recording calorimetry. An instrument for this pur-
pose is just as necessary, as has been pointed out, to the proper
management of gas engines and gas producers as the steam gage is
in steam plant practice. The question of priority of invention in
this line is one that cannot be settled in such a discussion; it is rather
a question for the patent lawyers and the courts. The important
point really at issue is that of the characteristics of structure and
principles of operation which can be employed now in the solution of
this important problem. ‘
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CLUTCHES
WITH SPECIAL REFERENCE TO AUTOMOBILE CLUTCHES

By HoNrY Sournrr, HarTroro, ConN.
Member of the Society

POSITIVE CLUTCHES

The positive or jaw clutch is necessarily used only where the
character of the starting action is immaterial, and if sudden, matters
but little. Obviously it can be used only where the inertia of the
standing or driven parts is relatively small, otherwise materials could
not stand the wear and tear.

2 Modifications of the positive clutch are made in the angles of
engagement between the jaws. The least positive form is one where
the planes of engagement are inclined backward as regards the direc-
tion of motion at an angle of 15 deg., more or less. The tendency of
such a clutch is to disengage under load. It must be held up to its
work by an axial pressure, which may be regulated to perform a nor-
mal duty, but to slip and disengage when called upon abnormally by
some accident or overload.

3 Positive clutches with engaging planes parallel to the axis of
rotation must be held up to their work to guard against a natural
tendency to jar out, but they present no safety features against an
overload.

4 More positive yet in its action is the so-called undercut engage-
ment of the jaw clutch, the tendency of which is to engage more
tightly when loaded; and which can be disengaged only when abso-
lutely free from load and in a condition to be rotated in-a reverse
direction enough to overcome the undercut angle.

5 In automobile construction the positive type of clutch is used
inside the gear box, so arranged as to be operated only while the main

Presented at the monthly meeting (May 12, 1908) of The Amcrican Society
of Mechanical Engineers. Discussion continued at the Detroit Meeting (June

1908).
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friction clutch connecting the engine with the driven shaft is dis”
engaged. Each gear carries a positive jaw clutch to be engaged with
mates on the driving shaft (while the main friction clutch is open).
Several inventors have accomplished the same object by means of
a sliding spline (or hardened ball) on the driven shaft, which
engages with the gear hub internally.

Fia. 1 F1a.2 Fia. 3

6 The starting crank of an automobile is a first-rate illustration of
an undercut positive clutch. It is undercut so that when the hand
is applied to the starting crank there is little or no danger of the clutch
slipping off and wrenching the operator. It is a fact, however, that

Fig.. 5 RamsBorTOM CLUTCH Fi1a. 6 Cone CLurcr

some of these clutches are not undercut and are disagreeable to
handle for this reason. "

CLASSIFICATION OF FRICTION CLUTCHES

7 A rather careful search of the literature of clutches reveals the
fact that there are a few basic types involved in all clutches, but
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an infinite variety of detail in construction and manipulation. Ran-
kine differentiates between friction clutches about as follows:

Friction clutch (contracting band).
Friction cones.

Frictional sector (invented by Bodmer).
Friction disc (Weston's invention).

8 Reuleaux illustrates the Ramsbottom clutch as used for rolling
mill work. This is nothing more or less than a friction coupling
in which one flange is squeezed between frictional surfaces by being
tightly bolted. Referring to Fig. 5, the flange attached to part A
is firmly clamped beween the wood-lined surfaces of B, adjustment
of the bolts being such that the friction will resist normal torque but
yield to abnormal torque. This is perhaps the most simple form of
friction clutch.

Fiac. 7 MuLTti-coNE CLUTCH Fi1a. 8 WesToN CLUTCH

9 Reuleaux then shows as the next step in the development of
the clutch a cone coupling, the two parts being forced into engage-
ment by screw and handwheel B, as shown in Fig. 6. He states that
the angle of the cone should be not less than 10 deg., in order that the
parts may not become wedged together. He also gives in connection
with this clutch, with frictional surfaces of iron on iron, a coefficient
of friction of 0.15. In order to keep the axial pressure within rea-
sonable limits, he places the mean radiusof the conebetween three and
six diameters of the shaft.

10 Following the single cone clutch in Reuleaux is what might
be ealled a multi-cone, as shown in section by Fig. 7, a series of concen-
" trie cone-shaped rings with angles of 10 deg., or 20 deg. for both
halves of the cone. Asshown in this cut, it is apparent that the collar
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would have to resist the pressure and wear due to the axial pressure
necessary for proper engagement. This would be serious, and such
wear is avoided in heavy machine work or in high-speed auto-
mobile design by making the axial pressure self-contained on the
rotating member, except when the clutch is in the act of being dis-
engaged. Such a construction is absolutely necessary in automobile
clutches. This modification is shown in Fig. 9. The pressure of the
screw wheel is self-contained, the two halves A and B being clamped
together by it, the concentric double-faced cones furnishing much
friction at slight axial pressure.

11 The next clutch shown by Reuleaux is that which he attributes
to Koechlin, Fig. 10. This is of the internal-expanding type, three

F1G6. 9 SELF-CONTAINED THRUST - F16. 10 Expanpinag TyrE

internal clamp pieces A, fitted with bronze shoes, being thrust out
against the enclosing cylindrical drum B, by means of lever and screw
action. Reuleaux points out that there is no danger of wedging in
this clutch, such as exists in connection with the cone clutch.?

12 Reuleaux next shows a form of “axial friction coupling,”
well known as the Weston clutch, based on the principle of multiple-
plate friction, Fig. 8. The plates are alternately wood and iron, as
indicated, the wooden ones engaging with the outside cylindrical
containing-case 4, and the iron ones with the shaft B. In the form

1 Bodmer and Koechlin seem to have been working along similar lines.
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shown, the plates are pressed together by springs D, and released by
drawing back a collar C, which releases the spring pressure.

MACHINE SHOP CLUTCHE>

13 Perhaps the simplest form of machine shop clutch is that in
which one flat disc presses against another, the surfaces being leather
against iron, bronze against iron, or wood against iron, the axial
pressure being great enough to drive the maximum load, yet not so
great but that slipping takes place when the load is first applied,
which prevents all jar. Such clutches are familiar in the driving of
looms.

Fia. 11 MobiricaTioN or WesTON TYPE

14 In Fig. 11! is a modification of the Weston type. It is not
multi-disc, there being only one wooden disc A, attached to theenclos-
ing case B, which is gripped between two iron surfaces C, keyed to the
driving shaft. To prevent any drag when disengaged, separating
springs D are supplied, which part the frictional surfaces when idle.
Slight rubbing when idle is not & very serious matter in machine shop
clutches, however; but its importance in connection with automobile
clutches, I will bring out later.

15 It is interesting to note that most information as to the fric-
tional capacity of these machine shop clutches is empirical. The
coefficient of friction of maple (which is commonly used) on cast iron
is known. Little use can be made of this knowledge, however, as

' Fig. 11 is from the catalogue of T. B. Wood’s Sons, Chambersburg, Penna.
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the degree of lubrication, or the lack of it, may easily double or halve
this coefficient. Manufacturers usually state in their catalogues
the horse power that can be transmitted by their clutches at 100 r.p.m.
It is probable that even such untechnical information is decidedly
more reliable than that obtained from any formula containing an
unknown variable—the coefficient of friction.

16 What was formerly known as the Frisby clutch was designed
many years ago when no attention was paid to mathematical design,
but its capacity has been well established by experience. Fig. 12
shows this clutch, which is not unlike the last one described, except
that a flat surface .4 and cone B are used in combination. The grip-
ping of the surfacesis accomplished in very much the same way. The
frictional surfaces are separated by springs when disengaged.

e
AN\

F1g.12 CoMBINED CONE AND FLAT SURFACE CLUTCH

17 For a given axial pressure this clutch will transmit more
power than the foregoing, because of the cone, and therefore will be
smaller and more compact, other things being equal. But here again
is the uncertainty of the coefficient of friction. This clutch, for exam-
ple, might throw its oil to the frictional surfaces more than the previ-
ous example, the oil more than offsetting the effect of the cone engage-
ment.

18 Experimental data upon the capacity of the clutches of the
Dodge Manufacturing Company, Mishawaka, Ind. are given in the
following table. The results were obtained from eclutches fitted
with maple blocks and calculations are based on a coefficient of fric-
tion of 0.37 and a speed of rotation of 100 r.p.m.
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| Diameter at | Circumferential ' Total | Total pressure

| 280

i 1 12 200 433

Horse power | Block area | block, inches pull at block center pressure [per square inch
.- T o
|
25 | 120 | 16 | 1960 | 5300 4“4
32 | 141 18 i 2240 | 6000 443
50 208 213 ! 2000 | 7800 - 37%
o 7 | 4500 |

19 A modern adaptation of the old Koechlin form of internal
expanding clutch is shown Fig. 13 and 14 (from catalogue of the
A & F. Brown Company, Elizabethport, N. J.). These are largely
used for very heavy work, the firm advertising clutches 48 in. in
diameter capable of transmitting 320 h.p. at 100 r.p.m. The frictional
surfaces are wood, especially prepared for the purpose, against iron;
the experts of the company claiming that this combination is not
liable to strike fire, as in cases where both friction surfaces are of iron

F16. 13 Fia. 14

MobERN ADAPTATION OF KoECHLIN CLUTCH

CLUTCHES USED 'IN WIRE DRAWING

20 One of the oldest usages made oR clutches is in the wire
drawing art. The iron drum around which the wire is wrapped as
a rule contains some form of clutch. What I believe to be the
most recent development in this direction is that of the Morgan
Construction Company, of Worcester, Mass. This is a compound
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clutch, the main driving effort being furnished by a wrapping coil
on a chilled iron surface, the initial engagement of the coil being
brought about by a modified cone or ring slipping down onto a
cone which drags the free end of the coil into engagement. Once
seized, the wrapping continues until tight.

21 In Fig.15, A is the tapered friction surface of the chilled drum
on which the friction ring bears and below is the coil which is sub-
merged in oil in an annular oil chamber. The drum is 12 in. diameter
by 7 in. high and the coil, which is of soft steel, is 1} in. square at the
large or driving end and # in. by § in. at the small end. The outside

F1a. 15 CrurcH ror Wire DraAwWING

diameter of the block is 25 in. I quote from a communication
received from the manufacturers of this clutch as to the importance
of starting wire into a die gradually and smoothly.

Electrically operated wire-drawing machines in England have demonstrated
that if wire can once be put into motion and the speed increased gradually to pre-
vent breaking the wire, the possible speed of the drawing is almost unlimited. The
wire upon which all the work is done becomes exceedingly hot, but the dies
remain quite cool.

In order to test the power of our block, we keyed the hub to the shaft.
This hub was flattened on one side. On this flat surface we strapped an
8 in. I-beam about 14 ft. long, and at a distance of 12 ft. 6 in. from the center of
the driving shaft we strapped a gear to this I-beam in which we could put small
weights. We first wrapped a 3-in. annealed crane chain around the block, fasten-
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ing one end to the block and one to the machine, with a weight of 500 lb. at a dis-
tance of 12 ft. 6 in. from the center of the driving shaft. The chain broke witha
clear fracture. All the links of this chain were strained beyond the elastic limit.
We next took a }-in. chain and fastened it in the same manner and added weight
up to 600 Ib., including the weight of the beam, at a radius of 12 ft. 6 in. from the
center of the shaft. At this point the cast iron quill, which had a bevel gear con-
nected at one end and the chilled friction drum at the other end, ruptured, the
crack extending from the top of the flange down the spindle a distance of 16 in. in
a spiral of 14 revolutions, as shown at B, Fig. 15, the fracture showing clean,
closegrained iron. This cast iron quill was 5 in in diameter and cast around &
rough-turned shaft 24 in. in diameter. It had a flange at the top 8} in. in
diameter by 14 in. thick.
This was the extent to which we carried out experiments and under the above
conditions the friction clutch did not slip after it had taken hold.
The following calculation gives the pounds pull exerted on the chain:

600 X 150 x 49

2 X 123 = 16 036 1b. (more or less)

The pull exerted on the large end of the coil would be equal to

M;—X—IE = 32 761 Ib. (more or less)

The horse power of the clutch at 100 r. p. m. under the above conditions would
be

32 761 X 3.1416 X 100
33 000

= 302 h.p.

22 A clutch of this kind has been in service some two years,
drawing spring wire largely. No repairs or adjustments have been
made during that time. The one commercial objection to it is its
considerable cost, but it is expected that its good behavior will more
than offset that.

CLUTCH OF S8MALL DIMENSIONS

23 A strong demand has developed for a clutch of very small
dimensions for a given capacity. This demand has been met in
rather a curious way. Instead of cast iron or metal of ordinary
strength, hardened tool steel frictional parts have been resorted to.
This permits exceedingly high normal pressures between the fric-
tional surfaces. Fig. 16 gives a very good idea of this form of clutch.
It will be seen by inspection that the operating collar A forces wedge B
between the long arms of the two levers C,spreading them in such a



48 CLUTCHES

manner as to expand a hardened steel ring D against the hardened
steel enclosing drum E.

24 As much as 100 h.p. has been transmitted at 1000 r.p.m. with
a clutch containing friction rings 5} in. in diameter and 14 in. wide.
This form of clutch has been largely introduced into automatic
machines, machine shop countershafts and launch engines. Its
engagement is apparently soft enough for any of these purposes, but
in connection with automobile service it is yet in the experimental
stage.

CLUTCHES WITH CORK FRICTION SURFACES

25 In connection with the commercial clutches of the forms
now under discussion, cork has recently entered the field to a consider-

Fi16. 16 ExaMpLE oF CLUTCH OF SMALL DIAMETER

able extent and apparently with considerable success. It has a high
coefficient of friction, probably double that of wood or leather on
iron. Its behavior is peculiar because of its elasticity under compres-
sion.

26 As a rule the corks are forced into suitable cavities formed for
them in one of the metallic frictional surfaces. The corks are previ-
ously boiled and thereby softened and then pressed into the cavities.
Thus established in a metal surface they normally protrude above the
surrounding surface and engage first when the surfaces are brought
together. 1f sufficient pressure-is applied to the clutch they are
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forced down flush with the metal surface and act with it in carrying
theload. Following the release of the load they again protrude beyond
the surrounding metal surface.

27 Two forms of cork are used, one in its natural condition, the
other, which is stronger and firmer and yet very elastic, prepared as
follows: small pieces are compressed into any desired shape under
very great pressure and enough heat to cause the natural gums of the
cork to exude and act as a binder. This form of prepared cork has
not had wide use because of expense. Nevertheless, a clutch with
cork friction surfaces will carry a greater load for its size than one of
the usual materials. For example, a Dodge friction clutch carrying
500 h.p. gave much trouble on account of being overloaded. This
clutch was strained up as tight as possible and it was all a man could

dotothrow it. The maple blocks used were replaced with compressed
cork. It was then possible to loosen the adjustment of the clutch
tosuch an extent that the operator could throw it with little effort.

Following this change it was found that a set of cork blocks outlasted

the maple ones five to one.

28 Prof. I. N. Hollis of Harvard University has determined the
coefficient of friction of cork on cast iron to be from 0.33 to 0.37, the
former for the heavier loads. For cast iron on cast iron he found the
coefficient to be 0.16 and for bronze on cast iron 0.14. The coefficient
of friction of cork on iron, therefore, apparently is about double that
of iron on iron. It is claimed that the coefficient for cork is nearly
as high when lubricated and that cork is much less affected by mois-
ture than the maple blocks ordinarily used.

29 Other tests have been made by Prof. C. M. Allen of the Wor-
cester Polytechnic Institute in connection with loom clutches. His
results show a torque for cork inserts nearly double that of a leather-
faced clutch for a given dimension.

AUTOMOBILE CLUTCHES

30 Soon after 1895 the evolution of the automobile or motor
vehicle commenced in earnest. There was no difficulty in the way of
operating the vehicle with steam or electricity. Positive connection
between motor and wheels was quite possible because of the flexibil-
ity of the motor.

31 It was realized, however, that these were not the most desir-
able sources of power. The gas engine in its stationary forms was
available. Starting as it does with an explosive impulse, direct con-
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nection with the wheels of a vehicle was entirely out of the question.
Consequently, a motor vehicle with a gas engine for prime mover
was impossible without some means by which the motor and wheels
could be separated during the starting of the motor.

32 In May 1879, Geo. B. Selden applied for a patent on a road
engine in the United States Patent Office. His application incorpor-
ated the use of a clutch interposed between the engine and the gearing,
‘80 as to admit of running the engine while the carriage remained sta-
tionary. This is certainly one of the early recognitions of the impor-
tance of the clutch in automobile construction.

COMPARATIVE TESTS OF LOOM CLUTCHES

TorqQue MrasureD IN Pounps FreT

|

| 1
Position of clutch !
|

P wi |

. cork inserts | fi clutch

R e e e - - - : ___,__.|,__._ —
Average results of eight positions . . ...... ' 80.5 10.50 16.95
Average results of eight positions ........ ' 151.5 ! 34.20 17,68
Average results of eight positions ........ ' 213.0 | 46.43 23.09
Average results of eight positions ........ 275.0 57.05 29.46
Average results of eight positions . . ... ... ' 337.0 : 73.33 36.00
Average results of eight positions ........ ¢ 308.0 | 82.2¢ ' 4181
I 06.48 " 47.56

|

Average results of eight positions .. ...... : 460.0

|
|
|
|
|

33 Perhaps the simplest form of automobile clutch is that com-
monly used for small machines and in connection with the planetary
type of change gear. It operates by pressing one disc against
another, the frictional surfaces being leather, bronze, or copper, against
iron or steel. In Fig. 17 is shown a clutch of this type in use in a
successful single cylinder automobile. The following data were fur-
nished by the makers, the Cadillac Motor Car Company, of Detroit:

Maximum radius of leather frictional surface.......................... 44 in-
Minimum radius of leatber frictional surface.......................... 34§ in.
Mean radius of leather frictional surface......................... ... 44 in.
Area of leather frictionalsurface. . ..., 364 sq. in.
Axial pressure, from........... ... i i 1000 to 1200 Ib.

; Horse power at 600 r.p.m.............coviiiiiiiiiinnnnn. 5% h.p.
Capacit
pactty {Horse powerat 1400 F.pam . ... ...ttt 10 h.p.
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34 The axial pressure in a clutch of this kind is usually produced
by a spring disc; that is, the steel plate which carries the frictional
surface, either leather or copper, is caused to operate like a diaphragm
spring. The diameter for a car of 7 h.p. or 8 h.p. is usually from 5§
in. to 10 in., the rubbing surfaces being from one-half to three-quarters
of the entire superficial area of the disc. Such clutches are mostly
available for two-speed cars, the disc clutch connecting with the engine
direct and running at engine speed, the planetary system being used
only for low speed and reverse work, actuated by contracting band
clutches.

35 Motor vehicles so geared have their uses, but early in their devel-
opment it was found that three or four speeds were desirable. Boxes

F16. 17 PLANETARY CLUTCH

of sliding or change gears were resorted to, and here the character of
the clutch became of prime importance. To be satisfactory, an
automobile clutch used in this manner must engage and disengage
easily, requiring but small axial movement of the operating mechan-
ism, or of the clutch itself. It must be entirely independent of cen-
trifugal force, and able to slip for a reasonable length of time without
being destroyed.

36 The matter of absolute disengagement is perhaps the most
important. Without it the sliding gears intended to be operated
when the clutch is free or disengaged cannot be unmeshed nor re-
meshed. The slightest drag or friction in the clutch means a savage
clashing of gears when changed. Gears with the teeth worn away
were the rule rather than the exception in the early history of the art.
This was, no doubt, due to the imperfect disengagement of the clutch.
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37 The use of a system of gear change requiring the clashing of
moving gears cannot receive the complete approval of the engineering
- world; yet this system has become a success by a combination of
- improvements in clutch and materials of which the gears are made,

and treatment of the materials.

38 Animportant feature in a clutch is weight, especially as affect~
ing its inertia. A clutch having high flywheel effect spins to such an
extent as to cause violent clashing of idle gears. Consequently,
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Fi6. 18 LocaTioN oF AuToMOBILE CLUTCH
1, flywheel; 2, cylinder enclosing clutch; 3, clutch shifting collar; 4, lever oper-
ating sliding collar; 5, engine base; 6, foot pedal; 7, floor boards

clutches are made as light as possiblé, and the smaller in diameter
the better. Aluminum enters largely into clutch construction for
this reason. The spinning has been met in many automobiles by a
so-called clutch brake—a retarding finger which operates in connec-
tion with the clutch-disengaging lever and bears upon some por-
tion of the driven member of the clutch, braking it to a standstill.

39 Any automobile clutch must engage smoothly and absolutely
without shock to be called a success. The quicker it seizes without
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shock the better it is. Clutches exist that can be engaged suddenly
and still not jar the passengers. But such a clutch is open to one
very serious objection ; that of not picking up the load quickly enough
on a hill to start the car forward after a change of gears, before the
momentum of the car is materially lessened. For example, in chang-
ing from the high gear to the next lower on a steep hill, a clutch that
is too soft will permit the speed and momentum of the car to drop
to such an extent that when the clutch finally does take hold the car
is nearly at a standstill. This necessitates a further drop into a lower
gear; one that will start a car from a standstill on a hill. The clutch
designer is, therefore, between twe fires; too little slip on one hand and
too much slip on the other. A degree of slip between the two must
be found, and once found be capable of being maintained. It is
doubtful if such a problem exists in connection with clutches any-
where else in the mechanical art.

40 The customary location for an automobile clutch is within the
flywheel or at least at the rear end of the engine if the flywheel is at
the front. Fig. 18 shows the application of the multiple-dise type
with very little room between the gear box and the clutch, and only
an Oldham coupling to give flexibility. This would be too close con-
struction (as will be shown later) for the application of the cone type
of clutch, which requires so much flexibility back of it; but the

illustration gives a very clear idea of automobile clutch location in
general.

THE CONE CLUTCH

41 I will take up the simplest form first, namely, the cone. I
am pretty well satisfied that, all things considered, it is the best
form when properly designed and mounted. It has the advantage of
engaging and disengaging with very small axial motion. Axial
pressure may be low because the normal pressure between frictional
surfaces is multiplied by the angularity of the cone. Its weight may
be very small, as the male member may be of aluminum. Its engage-
ment is entirely independent of speed and centrifugal force. Noliquid
lubricant is needed with attending viscosity,drag, and change due
to wear and temperature. Disengagement may, therefore, be made
perfect.

42 Proper engagement, however, has proved a very difficult
and baffling problem, and I think has caused nearly all the rejections
of the cone clutch. A cone clutch may operate almost as savagely
28 a positive jaw clutch. It may also refuse to engage, if it does not
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have the proper combination of angularity, pressure and lubrication.
It may behave well at times and very badly at other times. A cone
clutch of given angles and dimensions, with a definite axial pressure,
may be a success in one car and an absolute failure in another.

43 The cause of this contradictory behavior may not be in the
clutch proper; on the contrary, it is often in the surrounding mechan-
ism of the clutch. The cone clutch must be absolutely free to center
itself and seat itself uniformly. A short Oldham coupling or a single
universal joint between the clutch and the driven shaft of the.car is
not enough to permit this under all conditions.

44 The weaving of the frame of the car puts cross strains on such
a caupling, causing it to bind and causing the clutch to seize on one
side beforethe other and be drawn suddenlyintofull contact. A change
of angle, increased lubrication and a change of materials on the frie-
tion surface will not remove the trouble arising from this cause. A
pair of generous, free-working universal joints must be provided,
that the cone may reach its seat as intended.

45 Similarly, an engine mounted on a flexible sub-frame or pan
support may move sufficiently to prevent the proper seating of the
cone and cause a similar line of troubles. The male member must be
mounted so as to be flexible enough to follow-such small movements.

46 Experience has been a long time in teaching engineers that so
much trouble can arise from apparently so small a cause; yet there
are cases where misbehaving clutches have been made well-nigh per-
fect by the introduction of flexible couplings.

47 Leather (riveted to an aluminum cone) usually forms one
of the rubbing surfaces and gray cast iron the other. The leather
should be kept soft by neatsfoot or castor oil. Some builders boil
the leather in tallow before applying to the clutch surface; but this
matter is of minor importance compared with the mounting. With
leather } in. to § in. thick, properly softened, engagement may be
sufficiently mild, but an improvement is to place under the leather
at six or eight points on the periphery of the cone flat or spiral
springs that cause it to engage at these points a little bit before engag-
ing elsewhere.

48 It is obvious that the construction surrounding the clutch
must be such that an unusual supply of lubricant can by no means
find its way to the frictional surfaces of the clutch. The flywheel
prevents any oil from the engine working its way back, being provided
with oil trap grooves for that purpose if necessary.

49 From the other direction, the gear-box, for example, oil
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ordinarily does not get as far as the clutch, as there is usually a con-
siderable space between. In general, it may be stated that the cone
clutch is as free as any other from variations due to lubricants. The
leather surfaces gradually become dry and hard, requiring the applica-~
tion of castor, or preferably neatsfoot oil, but not very “often.

50 With proper usage, cone clutches with leather faces seem to
last indefinitely. I have accurate knowledge of cars that have
been driven surely 20 000 or 30 000 miles without replacement of the
leather on the cone face, and I have yet to experience any trouble
from the wearing of the leather face. A clutch that I had used for
about 2500 miles gave no evidence of wear, and it had received no
attention except a few doses of neatsfoot oil.

61 There is one defect in the operation of the cone clutch that
has caused considerable trouble. The clutch necessarily requires
some end or axial motion and a slip-joint that will permit it. An
ondinary square slip-shaft has been commonly used. Instances
have been found where these square slip-shafts have jammed under
load and seized, so as to prevent the disengagement of the clutch
at critical moments. Improved materials, increased dimensions
and better facilities for lubrication have cured much of the trouble.
Generous feathers and splines have been resorted to, which present
working surfaces that are normal to each other and which avoid
any cam-like or wedging action which may exist with a square shaft
bearing in a reasonably easy-fitting square hole. Here, again, the
perfect freedom introduced by double universal joints plays an
important part, the square shaft being very much less apt to bind
when perfectly free to center itself.

52 There has been a considerable variety of opinion as to the
proper cone angle. Various authorities have placed it all the way
from 7 deg. to 20 deg. The French have settled on an 8 deg. to
9 deg. angle as about right for a leather faced cone. Several impor-
tant American makers are using 12 deg. to 13 deg., several 10 deg.,
and others 8 deg. The following table gives the dimensions of cone
clutches used on three different models which are probably as suc-
cessful as any:

Areaof iywheel ..................... i 113.18q.in. | 78.7 8q. in. . 73.59 aq. in.

Angle (oneside) .............0.00nnun 8 deg. | R deg. 8 deg.
Radius (maximum) ................... 8% 'a. | 8% 1n 78 in,
SDring pressure ... ................... | 375 ib. | 301b | 250 1b.
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53 The metal-to-metal cone clutch may be made smaller in
diameter and with a sharper angle, say 7 deg., without seizing, and
may Le copiously lubricated. This form has been used only to a small
extent. The dividing line between slipping and seizing is narrow.

54 Another form of cone clutch has an aluminum male member of
about 12 deg. angle bearing against cast iron and with cork inserts
in the face of the male member. This clutch is not easily affected by
a lubricant and, in fact, may be run with copious lubrication. This
type has not been widely enough used yet to give sufficient knowledge
as to the possibility of general application under many varying con-
ditions.

55 Up to this time I have referred entirely to what may be called
a direct-acting cone, one where the male part of the cone movesaxially

Fi1a. 19 Fia. 20

LEATHER-FACED CoNE CLUTCHES

towards the engine, as illustrated in Fig. 19, which shows about the
simplest form of leather-faced cone clutch. Modifications of this
type are many. Fig. 20 shows a clutch of the same principle, but
instead of one strong actuating spring surrounding its axis, it has
three weaker spiral springs nearer the periphery of the male member.

56 Fig. 21 is a clutch used for a 50-h.p. car, with a cone angle
of 13 deg., a diameter of about 16 in., a total frictional area of about
128 sq. in, and axial pressure of 375 lb. resulting from spring. This cut
clearly shows a small spiral plunger spring A, underneath the leather
face B, to make it pick up its load more quietly and smoothly. This
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Fig. 21 ConNE CLUTCH FOR 50-H.P. AUTOMOBILE

cut also shows a form of slip-joint back of the cluteh C, which,
although it does fairly good work, is not on the whole as satisfactory as
the double-toggle universal joint. It will be noticed that the arms
of this joint have been spread as widely as possible, but, at the best,
the pressure and binding action is considerable.

F1a. 22 CrLurch or 8MALL DiMENsioNs FOR 30-H.P. CAR
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57 In direct contrast to this clutch is the one shown in Fig. 22,
where the diameter of the cone is very much less, not to exceed 10 in.
This is a cluteh used in connection with a car developing 30 h.p.,
A.L.AM. rating, and one that has developed much higher horse power
on the block—as high as 36 h.p. The clutch angle is 13 deg. and the
frictional area the first two years this car was built was 86 sq. in., but
this has recently been raised t096sq.in.,thespring pressure remaining
at 400 Ib. It will be noted that at the bottom of this cut there is a
sketch showing the spiral spring plungers underneath the leather.

58 Fig. 23 shows an early form of cone clutch used in 1902 or
1903 for a car of about 20 h.p. This has multi-springs for creating
the proper frictional contact and a peculiar form of spring application,

F1g. 23 EARLY ForM oF CoNE CLUTCH

simple in the extreme. One of the early forms of toggle joint is also
shown at A. This gave in its day what was considered very good
service.

MODIFICATIONS OF CONE CLUTCH

59 The so-called inverted cone is well illustrated in Fig. 24.
The reversed cone is contained in an extension A, built on the fly-
wheel B. When the cone is disengaged it moves toward the engine,
exactly reversing the action of the foregoing type. This clutch has
its adherents, and it is a good one, differing very slightly in efficiency,
if properly assembled, from the gismmk acting cone. It may be kept
free from dirt and oil much mo than the other form.
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