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NOTE.

The considerable

bulk of the volume of T'ransactions has induced the Publi-

cation Committee to direct the insertion of a summary of the SBociety member-
ship in place of the complete list of members which was published in the earlier
volames. The summary attaching to this issue is that which appears in the
catalogue of the Bociety issued with corrections to July 1st, 1908. Reference for
the complete list should be made to the twenty-fourth catalogue (second edition).

The summary is as follows :

FOREIGN COUNTRIES.

Membership.
Africa. . .o.cvveininninnnnnnn 19
Australia................... 4
[V . W, esticonccss 8
................... 80
Central Amerlu. ..... cteans 1
DB . evevvee cccrtonsnnanns 2
Cuba.....covcevievennnas 2
France ............ 7
Germany.... ......... 7
Great Britain (England). 48
Great Britain (Scotland)...... 8
Total foreign membership ............. eieees. 159
UNITED STATES.
Membership. Membership.
Alabama .......00000000000n 6 Nebraska....... reeeetaanas 2
AlaskR ... c.ov0 cor ceennann 1 New Hlmpshire ........... 15
Arkansss...... cesontaccsas. 2 New Jersey...ccocevevernen. 127
California .............. e 29 New MeXico.ee.cvassansns 1
Colorado ........... ceseenes 28 New York.....covvevnennnns 786
Connecticaut ........ ceseanes 103 North Carolin. . ............ 6
Delaware................ oo 15 North Dakota........ 1
Dmnctolcolumbla......... 30 Ohio ........... tieeeiiennas 172
Georgia ....... ....... 9 Oklahoma .........ccvvvneen 1
Hawaii........ ceeooee 1 Oregon .......cco0eveenvenas 4
Ilools...ccoveiviennnianes 156 Pennsylvania ......ccc0e..s . 854
Indiana ......c00civvevennn, 80 Porto Rico.... ............ 1
JIOWS .. icvicioicaaiinnienes 5 Rhode Island .........c.c... 49
Eansas......c.coo00eeecnnns 8 South Carolina ............. 3
Kentucky ......o00c0v00eeee. 8 3
Louisiana ..... T 10 [
3
10
28
5
6
49
1

Total membership in the United States....... .2 411
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Total foreign membership..........c.covvivveeernainnanes . 159
Total membership in United States......... [ X3 § |
Present address unknown®................. teeteiectesanas 8

Total membership........c.ovvivnvinnn, ceveesissnes 2,678

SUMMARY OF MEMBERSHIP BY GRADES,

Honorary members ..........cocvieeieneiainnn. sessssacene 18
Members ..o..ccvoiveeriieiicnrenecanacane os Gesssenssssas 1,750
Argociate members.........ccoiiiiieiiiiiieine setassecae 202
Junior members............... crsenes esvsosscscaasas cesss 603

Total membership.. ceecstessssssescatainane e 2,678

# These are J. M. Ewen, C. R. Johnston and J. W. Snyder, and if lny member knows their
present addresses, he will confer a favor by advising the Secretary of them



RULES OF THE AMERICAN SOCIETY OF
MECHANICAL ENGINEERS.

Axr. 1. The objects of the AMErIoAN SooreTY OF MECHANICAL
ExcixeErs are to promote the Arts and Sciences connected with
Engineering and Mechanical Construction, by means of meetings
for social intercourse and the reading and discussion of profes-
sional papers, and to circulate, by means of publication among
its members, the information thus obtained.

Arrt. 2. All persons connected with cngineering may be eli-
gible for admission into the Society.

Arr. 3. The Society shall consist of Ilonorary Members,
Members, Associates, and Juniors.

Art. 4. Honorary Members, not cxceeding twenty-five in
number, may be elected. They must bo persons of acknowledged
professional eminence.

Agt. 5. To be eligible as a Member, the candidate must be
not less than thirty years of age, and must have been so con-
nected with engineering as to be competent as a designer or as a
constructor, or to take responsible charge of work in his depart-
ment, or he must have served as & teacher of engineering for
more than five years.

Nore.—The Rules of the Society, adopted in 1880, were in force until 1884,
when they received general revision by a careful committee, whose report, dis-
tributed by letter ballot, was adopted November 5, 1884. In December, 1894,
s similar extensive revision was made under direction of the Council, and the
present rules are those of 1894. They include the amendments made in 1889,
1801, 1898, and 1898, which were the only changes since the revision of 1884.
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Arrt. 6. To be eligible as an Associate the candidate must be
not less than twenty-six years of age, and must have the other
qualifications of a member ; or he shall have been so connected
with engineering as to be competent to take charge of work, and
to codperate with engineers.

Axrt. 7. To be eligible as a Junior, the candidate must have
had such engineering experience as will enable him to fill a
responsible position, or he must be a graduate of an engineering
school.

Arr. 8. All Honorary Members, Members, and Associates
shall be equally entitled to the privileges of membership. Jun-
iors shall not be entitled to vote, nor to be officers of the
Society. :

Arr. 9. Nominees for Honorary Membership must be pro-
posed by at least five Members who are not officers of the
Society. References shall not be required of a nominee for
Honorary Membership, but the grounds upon which the appli-
cation is made must be fully set forth in writing and signed by
the proposers. ‘

ARrt. 10. A candidate for admission to the Society, as a
Member or as an Associate, must make an application on a form
to be prepared by the Council, ‘which shall contain a written
statement giving a complete account of his engineering experience
and an agreement that he will, if elected, conform to the laws,
rules, and requirements of the Society. He must refer to at
least five Members or Associates to whom he is personally
known. A candidate for admission to the Society as a Junior
must make an application on the same form, and refer to not
less than three Members or Associates to whom he is personally
known. '

Applications for membership from engineers who are not
resident in the United States and Canada, and who may be so
situated as not to be personally known to five Members of the
Society, as required in the foregoing paragraph, may be recom-
mended for ballot by five Members of the Council, after sufficient
evidence has been secured which shall show that in their opinion
the applicant is worthy of admission to the grade which he
seeks. :

Agt. 11. The referees for each candidate for admission to the
Society shall be requested to make a confidential communication
. on & form to be prepared by the Council, setting forth in detail
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such information, personally known by the referee, as shall en-
able the Council to arrive at a proper estimate of the eligibility
of the candidate for admission to the Society. Such confidential
communications shall be destroyed by the Secretary as soon as
the vote has been officially declared.

Agr. 12. All applications for membership must be presented
to the Council, and this body shall consider each application,
assigning to each, with the applicant’s consent, the grade in
the Society to which, in its opinion, his qualifications entitle him.
The names of those candidates recommended for election by the
Society shall be immediately printed on a ballot, and the ballot
mailed at once by the Secretary to each voting member of the
Society. Persons desiring to change their grade of membership
from junior to associate or from associate to member shall make
an application in the same manner and on the same form as that
required for a new applicant.

Art. 13. A member entitled to vote may leave the name of
any candidate on the ballot untouched to vote in favor of the
admission of the candidate to the Society, or he may erase the
name to vote against it. He shall enclose the ballot so approved
by him in a sealed blank envelope, and enclose this envelope in a
second envelope, on which he shall write his name, and mail the
same to the Secretary of the Society. A ballot without such
endorsement shall be rejected as defective. The rejection of a
candidate by seven voters shall defeat his election.

Axr. 14. The aforesaid envelopes containing the ballots shall
be opened by the Council, at any meeting thereof, and the names
of those elected shall be announced in the next meeting of the
Society. The names of applicants not elected shall not be an-
nounced, nor recorded in the proceedings.

Agt. 15. Endorsers of any applicant not elected may, within
three months after such failure to be elected, lay before the
Council written evidence that an error was then made. The
Council may then, by a three-fourths vote, order another similar
ballot by the Society, in which case thirteen negative votes shall
be required to defeat the candidate.

Aer. 16. Honorary members shall be elected by the unanimous
vote of the Council, through a letter ballot, not less than sixty
days subsequent to the proposal, a notice of which proposed elec~
tion shall bave been mailed at once by the Secretary to each
member of the Council.
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Agrr. 17. Each person elected, excepting honorary members,
must subscribe to the Rules of the Society, and pay the initiation
fee before he can receive a certificate entitling him to the rights
and privileges of the Society, and to wear the emblem appropriate
to his grade. If this payment is not made within six months of
the election, the same shall be void, unless the time is extended by
the Council. The emblems of each grade of membership shall be
worn by those only who belong to that grade.

Agrr. 18. The initiation fee of a member or an associate shall
be twenty-five dollars, and the annual dues shall be fifteen dol-
lars, payable in advance. The initiation fee of a junior shall be
fifteen dollars, and his annual dues ten dollars, payable in ad-
vance. A junior being promoted to any other grade of member-
ship shall pay an additional initiation fee of ten dollars. Any
member or associate may become a Life Member in the same
grade, by the payment of two hundred dollars at one time, and
shall not be liable thereafter to annual dues.

The Council shall have the power, for special reasons, by unani-
mous vote, through a letter ballot, to admit to life membership,
without the payment of the sum above named, such person as for
a long term of years has been a member or an associate, when
such a procedure would in its judgment be for the best interests
of the Society; provided, that notice of such action shall have
been given at a previous meeting of the Council.

Arrt. 19. Any member of the Society in arrears may, at the
discretion of the Council, be deprived of the publications of the
Society, or, when in arrears for one year, he may be stricken from
the list of members. Such person may be restored to tho privi-
leges of membership by the Council on payment of all arrears.

Agr. 20. The affairs of the Society shall be managed by a Coun-
cil, consisting of a President, six Vice-Presidents, nine Managers,
and a Treasurer, who shall also be the Trustees of the Society.

All past (ex) Presidents of the Society, while they retain their
membership therein, shall be known as Honorary Councillors, and
shall be entitled to receive notices of all meetings of the Council
and may take part in any of its deliberations; they shall be en-
titled to vote upon all questions except such as affect the legal
rights or obligations of the Society or its members.

Arr. 21. The members of the Council shall be elected from
among the members and associates of the Society at the annuai
meetings, and shall hold office as follows:
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The President and the Treasurer for one year ; and no person
shall be eligible for immediate re-election as President who shall
have held that office for two consecutive years; the Vice-Presi-
dents for two years, and the Managers for three years; and no
Vice-President or Manager shall be eligible for immediate re-elec-
tion to the same office at the expiration of the term for which he
was elected.

Axr. 23. A Secretary, who shall be a member of the Society,
shall be appointed for one year by a majority of the members of
the Council at its first meeting after the annual election, or as
soon thereafter as the votes of a majority of the members of the
Council can be secured for a candidate. The Secretary may be
removed by a vote of twelve members of the Council, at any
time after one month’s notice has been given him by a majority
of its members to show cause why he should not be removed,
and he has been heard to that effect. The Secretary may take
part in any of the deliberations of the Council, but shall not
bave a vote therein. His salary shall be fixed for the time he
is appointed by a majority vote of the Council.

Agr. 23. At each annual meeting, a President, three Vice-
Presidents, three Managers, and a Treasarer shall be elected,
and the term of office of each shall continue until the end of
the meeting at which their successors are elected.

Agt. 24. The duties of all officers shall be such as usually
pertain to their offices or may be delegated to them by the
Council or by the Society. The Council may, in its discretion,
require bonds to be given by the Treasurer.

Agxr. 25. The Council may, by vote of a majority of all its
members, declare the place of any officer vacant, on his failure
for one year, from inability or otherwise, to attend the Council
meetings, or to perform the duties of his office. All such va-
cancies and those ocourring by death or resignation shall be
filled by the appointment of the Council, and any person so
appointed shall hold office for the remainder of the term for
which his predecessor was elected or appointed ; provided, that
the said appointment shall not render him ineligible at the next
anuual meeting.

Azxr. 26. Five members of the Council shall constitute a quo-
rum. Members of the Council absent from a meeting may vote by
letter upon subjects stated in the call for the meeting, said vote
to be deposited with the Secretary.
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Axrt. 27. The President on assuming office shall appoint a
Finance Committee and a Publication Committee and a Library
Committee of five members each. The appointment of two
members of each Committee shall expire at the end of each
year. The Secretary shall, ez officio, be a member of all three
committees.

Arr. 28. The Finance Committee shall have power to order all
ordinary or current expenditures, and shall audit all bills therefor.
No bill shall be paid except upon their audit. 'When special ap-
propriations are ordered by the Society, they shall not take effect
until they have been referred to the Council and Finance Com-
mittee in conference.

Arr. 29. It shall be the duty of the Publication Committee to
receive all papers contributed, and to decide upon which papers
or parts of the same shall be presented at the professional meet-
ings of the Society. They shall see that all editorial revisions of
the proceedings, papers, discussions, and reports are made; and
to decide what parts of the same shall be published in the pro- -
ceedings of the Society. The Council may, at its discretion,
revise any action of the Publication Committee.

Arr. 30. It shall be the duty of the Library Committee to take
charge of the collection of all material for the Library of the
Society, and to supervise all regulations for its use.

Arr. 31. At the regular meeting preceding the annual meet-
ing a Nominating Committee of five members, not officers of the
Society, shall be appointed, and this committee shall, at least
thirty days before the annual meeting, send to the Secretary the
names of nominees for the offices falling vacant under the rules.
In addition to such regularly appointed committee, any other five
members or associates, not in arrears, may constitute an inde-
pendent Nominating Committee, and may present to the Secre-
tary, at least thirty days before the annual meeting, all the names
of such candidates as they may select. All the names of such
independent nominees shall be placed upon the ballot list, with
nothing to distinguish them from the nominees of the regular
committee, and the Secretary shall at once mail the said list of
names to each member and associate in the form of a letter ballot,
it being understood that the assent of the nominees shall have
been secured in all cases.

Axt. 32. In the election of Vice-Presidents, each member and
associate may cast as many votes as there are Vice-Presidents
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to be elected. He may give all these votes to one candidate, or
distribute them among more, as he chooses. Managers shall be
voted for in the same way.

Arr. 33. Any member or associate entitled to vote may vote
by retaining or changing the names on said list, leaving names
not exceeding in number the officers to be elected, and returning
the list to the Secretary—such ballot enclosed in two envelopes,
the inner one to be blank and the outer one to be endorsed by
the voter. No member or associate in arrears since the last
annual meeting shall be allowed to vote until said arrears shall
have been paid.

Agr, 34. The said blank envelopes shall be opened by tellers
at the annual meeting, and the person who shall have received
the greatest number of votes for the several offices shall be de-
clared elected.

MEETINGS.

Agrt. 35. The annuil meeting of the Society shall be held on
the first Tuesday in December of each year, in the Oity of New
York, unless otherwise ordered, at which a report of proceedings
and an abstract of the accounts shall be furnished by the Coun-
cil. The Council may change the place of the annual meeting,
and shall, in that case, give timely notice to members and asso-
ciates.

Agrr. 36. Other regular meetings of the Society shall be held
in each year at such time and place as the Council may appoint.
At least thirty days’ notioe of all meetings shall be mailed by the
Secretary to members, honorary members, associates, and juniors.

Agrr. 37. Special meetings may be called whenever the Council
may see fit; and the Secretary shall call a special meeting at the
written request of twenty or more members. The notices for
special meetings shall state the business to be transacted, and no
other shall be entertained. .

ARrrt. 38. Any member, honorary member, or associate, may in-
troduce a stranger to any meeting; but the latter shall not take
part in the prooeedings without the consent of the meeting.

Agr, 39. Every question which shall come before the Society
shall be decided, unless otherwise provided by these rules, by the
votes of a majority of the members and associates present, pro-
vided there is a quornm.
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Art. 40. At any regular meeting of ‘the Society thirteen or
more members and associates shall constitute a quorum.

Agr. 41. Unless otherwise ordered, papers shall be read in the
order in which their text is received by the Secretary. Before
any paper appears in the Transactions of the Society, a copy of
the paper shall be sent to the author, and, so far as possible, a
copy of the reported discussion shall be sent to every member
who took part in the same, with requests that attention shall be
called to any errors therein.

Agrr. 42. The Society shall claim no exclusive copyright in
papers read at its meetings, nor in reports of discussions, except
in the matter of official publication with the Society’s imprint, as
its Transactions. The Secretary shall have sole possession of
papers between the time of their acoeptance by the Publication
Committee and their reading, together with the drawings illus-
trating the same; and at the time of such reading, or as soon
thereafter as practicable, he shall cause to be printed, with the
authors’ consent, copies of such papers, “subject to revision,” with
such illustrations as are needed for the Z’ransacttons, for distribu-
tion to the members and for the use of technical newspapers,
Amerioan and foreign, which may desire to reprint them in whole
orin part. The policy of the Society in this matter shall be to
give papers read before it the widest circulation possible, with the
view of making the work of the Society known, encouraging
mechanical progress, and extending the professional reputation
of its members.

Arr. 43. The author of each paper read before the Society
shall be entitled to twelve copies, if printed, for his own use, and
all members shall have the right to order any number of reprints
of papers at a cost to cover paper and printing; provided, that
said copies are not intended for sale.

Agrrt. 44. The Society is not, as a body, responsible for the state-
ments of fact or opinion advanced in papers or discussions, at its
meetings ; and it is understood that papers and discussions should
not include matters relating to politics or purely to trade.

Agrr. 45. These rules may be amended, at any annual meeting,
by a two-thirds vote of the members present ; provided, that writ-
ten notice of the proposed amendment shall have been given at a
previous meeting.



CONTENTS OF VOLUME XXIV.

PAGER
NO. OB, ..o Proceedings of the New York
(XLVIth) Meeting. . . cocovuvnnn.. 3
No. 955...... RiLEy,Jos.C........ Apparatus for Obtaining a Continuous
Record of Position of an Engine
Governor, and the Speed of the En-
gine Which it is Governing. .. ..... 78
No.956...... SvicHTER, WALTER I...Fly-wheel Capacity for Engine Driven
Alternators. ............ccovueen. 98
No.957...... TRINKS, WILLIBALD . . Deflection of Beams by Graphics...... 116
No.958...... PorTeER, CHARLES T .. Finer Screw Threads .. ............ 137
No.959...... KiNgsBURY, ALBERT...A New Oil-Testing Machine and Some
ofitsResults. ................... 143
No.960... .. Lane, HENRYM .. ... Filing System for Office Use. ......... 161
No.961......Reeve,SipNEY A. . . . Entropy Analysis of the Otto Cycle... 171
No.962...... ReEvE, SIDNEY A. . . . A Rational Solution of the Problem of
Weightsand Measures. ........... 184
No.963...... VioLa,BarTRHOLOMEW.Centrifugal Machines and Their Uses.. 216
No.964...... BARNAY, JonN M. . .. . A Forty-four-Foot Pit Lathe ........ 243
No.965...... RicBARDS, FRANK .. .Gift Proposition for Paying Workmen. 250
No.966...... KenT, WM. ........ Heat Resistance, the Reciprocal of
Heat Conductivity. .............. 278
No.967...... Nagre,A.F......... An Analysis of the ‘‘Commercial”
Value of Water Power per Horse-
POWer per Annum. .. ........0... 286
No.968.......ooviiviiii i, Topical Discussions and Notes of Ex-
Perience. .. .co.ovveeniiiiiieann 315
No.969...... TyLer,CHas.C. . .... The Use of a Surveying Instrument in ’
Shop Practice............coueenn. 360
No.970...... WiLkiN,JoBNT ..... RotaryPumps. .. ................. 385
No.971...... Haisey,F.A........ The MetricSystem. ................ 397
No. 972 e Report of Committee Appointed to

Discuss the Arguments in favor of

and Against the Metric System..... 630
No.973.. ..ottt Final Report of the Committee Ap-

pointed to Standardize a System of

Testing Steam-Engines............ 713
T 7 Discussion on the Preliminary Forms

of the Report of Committee on

Standardizing Engine Tests. . . .... 791
Y N 7 £ S Proceedings of the  Saratoga

(XLVIIth) Meeting.............. 849



xvi CONTENTS

PAGE
No.976.....covvvivirennnniannnn Carnegie Gift to Engineering (Ap-
pendix No. 1 to Proceedings). . . ... 870
NO.OT7..coiiviieeiniieinnennnns Report on Meeting of National Con-
J ference on Standard Electric Light.
ing Rules (Appendix No. 2, Pro-
: ceedings). ........cooiiiininn... 8835
No.978....... Ceereacieieieaae, Report of the Special Committee on
Rules and Methods (Appendix No. 3
to Proceedings)................... 889
No.979.....cciiviiiniiinnannnn, Specifications for Boiler Plate, Rivet
Steel, Steel Castings, and Steel
Forgings (Appendix No. 4 to Pro-
ceedingB)........ooiiiiiiniennnn 921
No. 980...... ScreeLE, J. M. B.. .. .U. 8. Army Gun Factory, Watervliet
Arsenal, New York................ 929
No.981...... BorroN,R.P........ Test of a Hydraulic Elevator System... 933
No.982...... Broop, JouN BaLch. . A Rational Train Resistance Formula. 945
No.983...... BENsaMIN, CHas. H.. . Bursting of Emery Wheels.. ......... 963
No.984...... ParisH, W. F., JR. . . .A Comparative Oil Test. . ........... 976
No.985...... ALLEN, CHAS. M.... .. .Turbine Flow Recorder.............. 983
No.986...... SARGENT, CHaS. E. . .. An Indicating Anglemeter........... 992
No.987...... WarproNn, F. A.......The Steam Turbine from an Operating
Standpoint. .. ... b 999
No.988...... SLICHTER, WALTER I..Alternating Current Motors for Vari-
. ableSpeed...................... 1037
No.989...... Ouver,E.C........ A Method of Testing Gas-Engines .... 1048
No. 990...... Havrrapay, H. F., and
Hobge, G. O.........Performance of an Internal Combus-
tion Engine Using Kerosene and
GasoleneasFuel. . ............... 1063
No.991...... RoBerTsON, C. H....Test of a Twelve Horse-Power Gas-
Engne.............oooiial 1095
No.992...... Bacon,J.L.......... Some Data on Hoisting Hooks.. ... .. 1126
No.993...... BEMENT, A.......... Strains Produced by the Excessive
Tighteningof Nuts. . ............. 1137
No.994...... EuprenGE, A . H... .. The Hot Well as an Oil Extractor..... 1144
No.995...... ELDREDGE, A. H. . ... Positive Governor Drives for Corliss
Engines......coovevuneeennnn... 1151
No.996...... Moore, STaNLEY H.... Fitsand Fitting. . . ................ 1158
No.997...... Hircrcock, E. A. ... .Experiment Boiler of the Ohio State
University, with Results of Some
Trials............cc0viiiennn... 1193
No.998...... McGxoRrGE, JoBN. . . . Drawing Office Equipment.......... 1254
No.999...... JacoBus,D. S.. ..... Water and Heat Consumption of a
Compound Engine at Various
. Powers. .......ooviiiiiiiiiian, 1274
No. 1000..... RiopELL, JoBN...... Description of Sixty-foot Vertical

Boring and Turning Mill Designed
by John Riddell for General Elec-
tricCompany. .. ......oovevnne. 1288



CONTENTS. xvii

PAGE

No. 1001..... DAY, CHARLES... . . .. .The Machine Shop Problem . ........ 1302
No. 1002..... GaNTT,H. L......... A Graphical Daily Balance in Manu-

facture. .. ...coovieeeiiinininnns 1322

No. 1003..... TavLor, FrREp W.... . .Shop Management.................. 1337
No.1004..............cvvnnnnn, Topical Discussions and Notes of Ex-

perience. .. .....ooiniiiiiinan. 1481

No.1005.........cocvvinnnnnnnnn. Robert Fulton Memorial. . .......... 1493
No.1006...........ccvvvvvinnnnn. Memorial Notices of Members De-

ceased During the Year........... 1539






LIST OF ILLUSTRATIONS.

Pic. . Paan
1. Governor McIntosh Seymour engine................0.c0ne cecsencene 84
2. Plan and section of governor showing pendulum................... 84
3. “ Position-point ” for governmor........ e cesntecenreasaaassianas 85
4. Position-block for governor.................. .ottt 85
5. View of fly-wheel and governor..................ooviiiiiint 86
6. Roll frame showing electrical connection............................ 87
7. Portion of record taken during change in load...................... 89
8. “ o “ “ at comstant load......................0..l 91

9 “ . . *“ under constant load with 25-pound weight
fastened to valve rod...................... 91
11. Motion of governor pendulum under normal conditions.............. 92
12, 0« “ “ when valve inertia is increased........ 92

13. Position of pendulum, shaft, eccentric and crank with crank angle 30
degrees ........iiiiiiiiiiiiiriaietriienns 94

4. 0« “ “ shaft, eccentric and crank with crank angle 90
degrees .........cciiiiiiiiiiiiiiiiiiieeiens 94

15. “ “ “ shaft, eccentric and crank with crank angle 220
. degrees ........ccciiiiiiiiiieieiaiiiinanes 94

18. “ “ o shaft, eccentric and crank with crank angle 270
degrees .........ciiiiiiiiiiiiiiiiiintinenes 94
17. Torque, speed and displacement of a single crank engine.............. 100

18. Moment on crank shaft per revolution, velocity and piston displace-
ment ........... o .er v eae.. . 109
19. Displacement end vmntlon in synchromzlng force .................. 110
20. Deflection of beams by graphics...........cooiiiiiiiiiiii i 117
21 “ “ o« it e i e 118
22 ¢ “ “ o« “  —shaft of two diameters............. 119
23. Bendmg moments for weight and applied load ....................... 121
24. “« . “ e 127
25. Du\gnm of bending moment ...................................... 128
26. “ i e e e 129
27. Equilibrium polygon, bending moments, etc................oienln 130
28. Part of M-polygon.......couiiiiiiiiiiiiiiiiiiiiiiieiireiecneenens 132
29. Graphic method applied to shaft of two diameters........... e 134
30. Outline of screw thread..................cooviiiiiiiiiinneinan e, 138
31. Horizontal scale, full size, showing relation of inclinations.......... 140
32. Vertieal scale, ten times full size, showing relation of inclinations.... 140
33. Oil testing machine...............ooitiiiiiiiiiiiiiiiiiieieann.n, 145
34. Curves of friction tests of oils.....................ooiiiiiiiiin, 146

”. “ “ " [ “* “



XX LIST OF ILLUSTRATIONS.

re. : PAGE
36. Fnctlon tests of cylinder oils..........oiiiiiiiiiiiiiiiiiiiiinienne 150
37. “ ¢« engine Oil.....iiiiiiiiiiiiiiiiiiiiiiiii i 151
38« viscosity and speed curves...........ciiiiiiiiiiiiieaianans 153
39. Variation of viscosity with temperature...................... a0, 167
40. Comparisons of oils to ascertain normal temperatures of stead opera-
tion under varying pressures..... sesssnssses essesancuss sevasnenss 168
41. Relative and abeolute friction—reducing values at various pressures.. 159
42, Filing CABES......ouvieereeruentinereretenreeeneesnonsessssasananns 162
43. Paper folders for filing............cooaiiiiiiiiiiiiiiiiiiiiiiiiiina, 164
44. Entropy analysis of the Otto cyele.................coiiiiiiiaiits 172
45. Diagrams of late igmition.................coiiiiiiiiiiil L, 178
46. with ignition before beginning of stroke.................. 174
47, “ “ “ «“ o i iiiierrreceeenss 176
48, “ «“ “ “ “ o iiiiecnsancnnas 177
49. “ «“ “ “ “ @B iiieneans cesnnss 177
50. “ “ “ “ “ L iiceeercersenanas 178
51. Test 125-horse-power gas engine.........c.oveeenerereceancennaeannas 180
52. Scale for proposed measnre of length .............................. 193
53. “ e 193 .
54. Comparative amount of figuring in present and proposed systems of
weights and measures...............ccievieiniiiirentiieiiiaanns 199
56. Centrifugnl machine—over-driven type..........ccciiiiiiiiiiiiiian 217
56. “ —under-driven type........cciiiiiiiniiiiieinnns 218
57. “ “ —European type......cccoitiiiirniaiieiniacinn 219
68. Arrangement of over-driven type centrifugal machine with Pelton
2T 221
59. German form of over-driven type centrifugal machine with Pelton
wheel .....coiiiiiiiiiii it e erresettennanee 222
60. Under-driven type showing belt drive.................cocviiiiiiits 222
61. Detail of regulator..........c.coiiiiiiiiiiiiiiiiiiiiiietiiiianiaens 223
62. Regulator attached to machine............ Cveerssecsennsinsennans 224
63. Sectional elevation of American type..........c.ioiiiiiiiiiiinan, 226
64. Oil pressure step bearing.............cciiiiiiiiiiiiiiiiiiinnien. . 227
5. “ “ *  applied to a machine..........c.covvunnen 228
66. Steaming-out pipe.......c..ieiiiiiiiiiiiiiiiiiiiietieiieieriae e 229
67. Centrifugal machine for acids..............c.oiiiiiiiiiieinnane, 230
68. Air-tight centrifugal machine...............cciiiiiiiiiiiiiiiii, 231
69. Cream 8eparator.........cooeeeveeeennecnoneenaes cieenssessasasnnns 232
70. American type of cream separator........... Cessacesenne secsecnasse 233
71. Details of internal mechanism.............ccooveiieiieianiannann, . 234
72. Centrifugal machine for filtering of cane juice....................... 236
73. Adaptation of friction drive to spindle type machine................. 236
74. Hepworth friction pulley drive................... Craseseseiacerenaa 237
76. 44-foot pit-lathe turning up the spindle bedring...................... 244
76. Assembled pit-lathe driven by friction roller to take facing cut...... 245
77. Feed mechanism........cccoeiiriuiiiueinencenaianeenesnnaennsencnns 246
78. Discussion on gift proposition for paying workmen, diagram.......... 259
79. Power diagram of river flow—Valley Falls Co...........ccoueianntn 290
80. “ Lonsdale Co........ovvviviiininnanenaens crecrense 291

“ [ “ i
- ) VP vesecenees ceseersnes 293



LIST OF ILLUSTRATIONS. xxi

PAGE
&Powerdugnm—Sometho ................................ ceeee.. 204
83. o Dexter Yarn Co.....oovvviiniviiiieiinnneennnnnn. . 295
84, “ Pawtucket Electric Co....ocvvvvviinniiiiiniian.., 296
85. Smokestack showing different qualities of amoke.................... 315
87. Curves showing percentages of CO, with gravity stoker............... 318
88. Large chimney...........cocoviiieiieninvnnnnnns Ceeetratansierecans 319
89. Chimneys of Chicago Edison Station.............ccvvvvvvevinen.... 321
90. Diagram of reverberatory furnace.............. tesereeatatrennaoens 321
91. Bectional view of oil burner................... Gesesanasetarcanae 333
92. Elevation of furnace in Pratt Instltute ............. treesssnasnnsie 336
83. Sections and front elevations of same.............ocoiiinininnn... 3356
84. Sectional plan of same...........cciiiiiiiiiiiiiiiiiiiiiiaeia., 3356
95. “ view of rectangular type of Baker Oil Separator.......... 346
96. Half section of Westinghouse a.c. generator.................. e 364
97. Half end view of same...........coviiiiiiiiiiiiiiiiiiiiinianannes 365
98. Side view of same........ Sabeettetaunsanetecnotesantnantsartaans 367
99. Part of generator base.............coiiiiiiiiiiiii i, ... 370
100. Plan view showing position of straight edges........................ 371
100, « “ “ operation on joint surfaces...................... 372
102. Portable drill.......ocviiniiiniiiieiiiiiiiiiiiiiiiiiiiieiiianaaas 373
103. ~ shaper operating on joint surfaces................c.o00vueen 376
104. Operation on determining straight edge............................. 376
105. Assembled magnet frame on special floor boring machine............. 378
108. Operation of subdividing the circle of rotating parts.................. 380
107. Warner & Swasey surveying instrument..................cooviuennn 381
108. Croms-section of a 2-lode cycloidal pump.............ccovvviininen. 388
100. Diagram of path of contact....................oiiiiiiiiiiiiana, 388
110. Same diagram developed..................ciiiiiiiiiiiiiiiieia, 388
111. Sample of material to be analyzed by English and metric systems.... 557
112. Vest made from this material.....................ooiiiiiiiiil, 657
113. Residue of sample of same material after extracting the wool with
caustic alkali .......ccoviiiiiiiiiiiiiiiiiii i 567
114. Comparison of calculations by English and metric systems........... 5568
115. Comparative calculations by Mill English, Lowell Metric and Lowell
English systems .........c.cioiiiuiieiiainiiairetonisnceccansnes 572
116. Seale of comparison of English and metric measures................. 084
117. Comparison of English and French cast-iron pipe sizes................ 684
118. Water meter connections.........cccoveveereeancnnoesassocsasnns 724
119. Self-adjusting rope brake...........ccociitiiiiitiiiientiiineiiaies 739
120. Rope brake with upward pull...........coiieiieiiiiiirinenenne 739
121. Water friction brake.........coiieeiiiiiieiiitiiieeieeiannaians 740
122. Sample indicator diagram, showing points of cut-off, release and com-
PreBBION ....couvnnioneentenrircotsoarercotinsencanns sveoseranan 44
128. Actual diagrams of receiver engine...............oiiiiiiiiiiieinn 746
124. Combined * “ oo« B iieeiesresssatisttsacesaossesons 747
125. Actual diagrams Woolf engme ..................................... 748
128. Combined “ = % L i iiiieiiicnieiietititiiiianienes 748
127. Indicator diagram, four-valve engine, slow speed.................... 749
128. ¢ “ single valve engine, high speed.................. 749

129. Diagram Factor diagram................cooiiiiiiiiiinarinenen, 751



xXii LIST OF ILLUSTRATIONS.

ne. PaGE
130. Diagram showing net value of steam admitted...................... 753
181. “  factor, non-condensing engine............occiiiiiiaionaios 763
132. “ “  condensing emgime..............cciitiiiiiiiaaeinns 763
133. “ “  compound engine..............iiereiiniiinans cee. 754
134. Temperature-entropy diagram..............coviiieiiiiieiieiinnene, 758
135. “ “ ittt ittt ittt r et aaaaans 759
136. Curves showing British thermal units expended per minute per in-
dicated horse-power by Ideal steam engine....................... 761
137. Commercial diagramn factor, compound engine...................... 802
138. Indicator cards from cylinder and throttle.......................... 808
139. « “ “ «“ “ i iiicerari e, 809
140. “ “ “ “ “ € iieeienisaaene P -1 [1]
141, Ideal and actual diagram...........coviiiiiniiiiiiinniieiiannnaes 817
142, Fan 8eParator.......cceeteiiieiosnereesseneanceestossnnnssoannnnas 834
143. Details of automatic measuring separator.............cooevevuvnnans 836
144. Diagrams taken during trials of steamship “Iona”................. 842
145. Standard shape of test pieces for tensile tests....................... 923
146. “ oo “ “ “ i ittt 924
147, Test of hydraulic elevator system, indicator cards.................. 935
148, ¢« « “ “ “ “ i 936
140, Fracture of emery wheel...........ccoiiiiiiiiiiiiiiiiiiininnnnnns 964
150. “ v« i i i et i e 966
151. “ oo  ieieetecanccscatatarraetssetenasesesetoes 957
152. “ “ou P 968
152a, ¢ “oo B i ieiiieecatietcettestctonanrnsanetannnonnn 968
132b. “ oo B iieeessecssssacternanresasnsararaenaaasies 970
152e. “o . B ieieeerererasasassrrtncroseatensronsassane 971
152d. Grinder showing emery wheel guards......................00le 973
152e. Speed card for emery wheels............... ... .ol 974
153. Comparative oil tests...... ... ... .ot 980
154. “ B iiietseectieecenestetntentotnanssoncantanone 980
155. Turhine flow recorder, front view, single cylinder type................ 984
156. oo “ rear ¢ “ “ e 886
157. Single-cylinder recorder connected to turbine................. penaeen 986
158. Double-cylinder Tecorder...........ccueeuueruecnsrennnronaronecnns 987
159. Tail race pressure diaphragm..............ccccoviiiiiieiannan. “... 988
160. Double-cylinder recorder, connected to turbine....................... 990
181. Side view of indicating anglemeter....................coiiiiil, 993
162. Graduated dial of anglemeter................... ..ol 994
163. Vertical longitudinal section of anglemeter..................... .. 995
164. End view of anglemeter with dial removed................... ... 996
166. Transverse section through centre of anglemeter.................... 987
166. Plan of Yale & Towne Works.........ccoovviinenennnceensoons eeean 1000
167. “ “ boiler and power house...........c.ciiiiiiiiiiniiiiiaiannn, 1002
168, Section of boiler house.............c.cciiiiiiiiiiiiiiiiiiiiiiiiie, 1003
169. Elevation of power house.........ciivveiiiiiiiiiieiiieninninnnns 1003
170. Sectional elevation of hoiler and engine room....................o0n 1004
171. Westinghouse-Parsons turbo-generator......................c.oal 1009
172. Diagram of tests No. 7..........c.cciviiitiiiiiiiiianeniaenenananas 1019

173. “ R . T Geracecsrecanne 1020



LIST OF ILLUSTRATIONS. xXiii

PAGE
114 Dugnm ot eesu D 1021
175. . 1 D (1 ... 1022
176. “ B 1 T 5 1023
177. “ B 7 T .1024
178. “ B 7 T B .1025
179. “ B . £ T T e 1026
180, “ B . T | 1020
181. “ B (T 1027
182, “ E D 1 .1027
183. “ B 1T - .1028
184. “ B R . T 1029
185. Gas engine tests, indicator diagrams..................coieiael, ... 1050
19 « “ “ Prony Brake.......coiiiiiiiiiiiiiiiniiiiiiiiaan .1052
187. Device for supplying engine with weighed air....................... 1054
188. Apparatus for weighing gasoline............ Sseteetcererianesernane 1055
188. Exhaust gas calorimeter................ccciiiiiiinnnnn. Cereeeaaaas 10567
190. Thermometer guard...... Serssetesnrasteatatersteciacasasancnnans 1058
191. Temperature of volume diagram for a gasoline engine................ 1061
192. Arrangement of engine for testing with kerosene fuel................ 1085
193. Superheating and vaporizing chamber...................... ... . 1066
194. Atomizer with needle valve..............coiiviiiiiiiiiiniinan, 1067
185. Arrangement of cooling jacket...........coiviiiiiiiiiiiiiiiiiian, 1068
196. General arrangement of apparatus for test......................... 1069
197. Indicator cards using Kerosene........c.ooovviiiiiiiiiiiiiinnenneens 1072
198. “ “ “ i ittt i i i 1073
198. “ “ “ gasoline.........ooviiiiiiieiinnn, eeereeesans 1074
200. “ “ « e 1075
201. Fuel consumptmn curves, Using Kerosene..........cvoeeeeveanannonns .1080
202, “ “ “ gasoline..............ooiiiiiiiiiine, 1075
203. “ comparison, using kerosene and gasoline....................... 1082
204. Eﬂiclency test using Keroseme...........oveveiiiiiiriiieniieneneons 1083
205. “ “ gasoline..............iiiiiiiiiiiiiiiiiiiiia 1084
2086. Hent dlstnbutwn USING KETOSeME. .. ....oviviiirieeeeeresssaneneanas 1087
207. “ gasoline..........oiiiiiiiiiiiiiiiiiiiiaes 1088
208. Distribution of hut supply, using kerosene....................... ..1089
209. “ “ ¢« “  gasolime...........ciiieiiiia, 1090
210. Thermal efficiency in duty, using kerosene and gasoline.............. 1090
211. Engine and equipment for 12-horse-power gas-engine test............. 1007
212. Indicator cards showing changes corresponding to different jacket tem-
Peratures ..........ciiiiiiiiiineiiineieteoanaans 1104
213. . “  showing changes corresponding in difference in time of
Ignition .. .....iiiiiiiiiiiii it 1105
214. ' “ showing changes resulting from different speeds..... 1106
215. “ “  (combined) showing changes resulting from different
L 1 P 1107
216. Curves of mean eflective pressure and explosions per minute.......... 1108
217. “ ¢ f{riction, horse-power and mechanical efficiency............. 1109
218. “ “ gas consumption for the test and per indicated horse-power
Per hour .. ..c ittt iiiieiee et 1110

2)9. Standard gas per brake horse-power and thermal efficiency........... 11




XXiv LIST OF 1LLUSTRATIONS.

rie. rAGE
220, Curves of theoretical eﬂiclency and per cent. of heat absorbed by
Jacket ... i i i et ee 1112
221, ¢ showing heat exhausted and radiated...................... 1113
222, Position of mixing valve and ratio of gas to air..................... 1114
223. Hoisting hooks. ... ..ouvieiiiiiiiiiiiiiierieiiininiiiinincaneaans 1127
224, ¢ “ e Ceeees Gescansanisecarsirssasesaesesseasnns 1128
B2 B ieeieesetsersaseasaussanensateersetasanrsarrsararens 1128
226, i it e ittt e 1120
227. Fracture of hooks........couiiuiiiiiiiiiiiiiiiiiiiiiiiineeienaeenens 1133
228, Strains produced by excessive tlghtenmg of nuts..........ceivinnnnn 1137
220. Plan of hot well.......coiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiieinnanes 1145
230. Section of hot well..........cooviiiiiiiii ittt 1146
231. Plan and section of hot well............ooiiiiiiiiiiiiiiiiinennnns, 1148
232, Geared overnor Arive.........covuveiieeeiiiiiinrronnrecensnenaonns 1153
233. Chain “ “ eiiseanes Citeseieiiesiteenranriotnsisecarans 1164
234. Fits and ﬂttmg, representative CUrVeB........ccovurrernrenrennenes 1160
235, « o« forcing fits........... e eree i ia i, 1162
236, * 0« “ limits diagram................ . ol 1164
237, ¢« “ forcing fit diagrams...................oiiiiial, 1166
238, ¢« «“ forcing fit pressure diagram....................... 1168
239, « ¢ b shrinking fit diagram...................oooilll 1169
240, ¢« “ driving fit diagram............ccioiiiiiiiiiiiiin 1170
241, ¢« 0« “ running fit diagram...................ooolll, 1171
242, ¢ ¢ “ shaft allowanees........c.oocvviiivineenenineninnn, 1174
243, ¢« " tolerance and a clearance diagram................. 1188
244, ¢ 0« “ shaft allowance..........c.ooviviiiniiniiiinan, 1180
245. Boiler house of Ohio State University.........c.covveviiivineiinnnn. 1184
240. Arrangement ol‘ testing plant........ T 1197
247. “ “ e 1198
248. “ oo i e e eeeereareieaeas 1199
249. o “ ‘“ o eiiiirrenseansenna eberearesessessannne 1200
250. Furnace front..........oieiiiiiiiiiiiiiiiienitiecieieitiecneiennnes 1203
251. Pyrometer and differential drafl gauge...........coovvviiiieieinnen 1204
252, Wall temperature Curves...........ccoeeeeeeeesrecsnrerosaconnsanss 1221
253. Evaporation, efficiency and radiation curves..............ccoovuvinnn 1223
2354, Time CUTVeS.......ouvteinieiiiininnineeiinascnsoness o reneeiieeerans 1225
255. “ e iteereeieteiactsaisensantettasttasanscensasanasesnns 1225
256. Arrangement of tubes....... ... ... i i il i 1230
257. Efficiency curves................ S 1235
258. Drawing office lighted by Nernst lamps..............ccoiiiiiinann., 1256
250. Same office by daylight..............cooiiiiiiiiiiiiiiiiiiinen, 1257
260. Incandescent light Brackets..........eeeeeeenrninnreceseeenncesnes 1258
- 261, Plan of drafting room...........ooiiiiiiiiiii it 1260
262, 0« “ e R R TR Y 1261
263, +* ¢« 0« L 1263
264. Universal drafling machine...........oouveiiiniiiiinnneeiieieeonns 1264
265. “ “ B iiieirecisseessessnsnisatoreseetiaaases 1266
266. Rapid sketching device...........c.coiiiiiiiiiiiiiiineiinaiiii, 1268
267. Drafting table........ccooviiiiiiiiiiiiiiiiiii ittt 1268

268. Plan of drafting S T 1269



LIST OF ILLUSTRATIONS. p.0.9 4

ne. PAGE
260. Curves of water and heat’ consumption, of a compound engine....... 1276
270. Indicator cards and combined dugnm .............................. 1279
271. “ “ “ i ie e, 1280
272, “ * “ “ it ciiisiieeretnasesaanans 1281
273. Sixty-foot boring mill, foundations..................cciiiiiininnn.. 1289
274. ¢ ¢ “ “  vertical section...............ciiiiiiiial., 1260
275. ¢« ¢ “ “ loor Plates. ... ittt 1291
276. « « “ “ table and spur gear............ciciiiinnnnn 1283
A7 0«0« “ “  bearing for table spindle.................... 1204
218, « 0« “ “  bar support........... eesecasasnnsancoannas 1206
219. « ¢ “ “ cross rail............... teeesercacacnnsnons 1208
280. “ 0« “ B - 4 T P 1209
281 ¢ “ “ in operatiom............ciiiiiiiiiiiiiiee, 1300
282, Chart of shop departments............. esestesvessnrtssrntoanssress 1305
283. “ showing means of obiaining economic production.............. 1307
284. Power chart..........cciiiiiiiiiiiiiina Sessesecennessasenennas 1314
285. Ch:rt showing advantages of individual motor drive................. 1316
286. “ interrelation of departments......................... 1318
287. *“ of selling price........ e tetesieeteteteceinanatesneniens ..., 1319
288. Diagranf of shop management............ocoiviieinianecnnns Faces 1321
289. Foundry production sheet..... ettt e raas “ 1323
290. Machine shop productlon sheet........covviiniiiiiieininnnn, “ 1324
291. “  iineesesasnieesse trncscvoneans “ 1325
292. Day work card..........cciiiiiiiiiiiiieiieaaan, D N 1329
293. Time card.........cointiinniieineneennseierioecesscsnnssccnsoanes 1425
204. Watch boOK......oiviitiiiiiiiiiiiinieeiitieisneierensarsasianes 1426
295. Decimal dial for stop watch................coii i, 1427
206. Tabulating card..........coiiviieiiiiieiiiieiiineeiiocsnncecnnces 1430
297. Time card........oiiiituiiiireiieerneneronranestaneennsconnnss ...1433
298. Table for recording observations on machine tool work.. ....... Faces 1437
299. Estimate card.......... Sesoesenesretrrinassrastennas cesesssenaes .1439
300. Gear cutting attnchment for milling machine....... sstecennsssennas 1482
301. « “ “ «“ i, 1483
302. Flexible tubing...............cociiiieinan, N 1485
303. Robert Fulton..... e e 1492
304, Fulton monument............iiiiiiiieiineeiiatarntennaanenaoannns 1494
305, « “ details......oooiiiiiiiiiiiiiiiiiiieiiaie i 1495
306. Bas-relief medallion of Robert Fulton..............ccocvivviannnen, 1496

307. Bronze reproduction of a Fulton drawing.........ccccoiiiiaaniannn, 1498







PAPERS

OF THE

NEW YORK MEETING

(XLVIth)

OF THE

AMERICAN SOCIETY OF MECHANICAL ENGINEERS,

DECEMBER 24 T0o 5th, 1902.

BEING ALSO THE TWENTY-THIRD ANNUAL MEETING OF THE S8OCIETY.
O






No. 954.

PROCEEDINGS

OF THE

NEW YORK MEETING

(XLVIth)

OF THE

AMERICAN SOCIETY OF MECHANICAL ENGINEERS.

December 2d to 5th, 1902.

TxE twenty-third annual meeting of the Society was held in
the City of New York, during the first week of December, 1902.
The Society was unfortunate for this meeting, by reason of the
absence from his post of President Edwin Reynolds, who had
been debarred from active duty in the early autumn by ill
health. The Chair was taken during the sessions by the senior
Vice-President, Arthur M. Waitt, who presided at all sessions.

The increasing growth of the Society and the interest which
was expected to attach to certain discussions at the meeting, in-
duced the Council to arrange to hold only the opening session
on Tuesday evening, and the.closing session on Friday morning,
in the cozy auditorium of the Society House at 12 West Thirty-
first Street. The sessions on Wednesday and Thursday were
held in the banquet hall of the Sturtevant House on Broadway
and Twenty-ninth Street. The luncheons served to their guests
by the New York members on Wednesday and Thursday were
also served in a room adjoining the room in which the sessions
were held. The numbers in attendance proved that the decision
of the Council had been eminently wise.

The opening session was called to order at 8.30 p. M. in the
Society House, by Vice-President Waitt, who called on the Sec-
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retary to read the letter from President Reynolds. The Chair
then asked the preference of the meeting in the matter of enforc-
ing with some insistence the rules concerning the presentation
of papers by abstract and a curtailment of the oral debate
within the limit of five minutes. It was on motion decided that
these rules should be adhered to during the meeting.

The Chair appointed, under the provisions of Article 34 of the
Rules, & committee to count the letter ballots which had been
cast for officers, and to réport at the session on Wedunesday
morning. Messrs. Wm. T. Bonner and Paul M. Chamberlain
were made such a committee of tellers. Ie then called upon
Prof. Sidney A. Reeve for the presentation of his paper on *“ A
Rational Solution of the Problem of Weights and Measures.”’
Messrs. Suplee, Lewis, Halsey, McGill, J. D. Riggs and G. W.
Colles, contributed discussion.

The Secretary made announcement concerning the details of
the meeting; the presiding officer spoke of the social opportunity -
in the collation room below the meeting hall, and the session
then adjourned until the following morning.

Secoxp SesstoN. WEDNESDAY MorNiNg, DECEMBER 3RD.

The meeting called to order by Vice-President Arthur M.
Waitt, at 10.30, in the banquet hall of the Sturtevant House.
The registration of the members in attendance was slightly
modified at this meeting, by the use of separate sheets with car-
bon impression, so that the printed list from the register might
be circulated more promptly by saving the time necessary hith-
erto to copy them from the pages of the official registration
book. The same care was taken as at a previous meeting, to
keep the names of members and guests distinct from each other.
The large number registered preclude a full reproduction of its
pages, but there were 474 members and 225 guests included in
the total of 702.

The first business of this session was the presentation of the
Report of the Council as required by the Rules. This report had
been prepared some weeks in advance of the meeting, and had
been printed and distributed to the members. It was therefore
presented at this meeting, by title, the Secretary adding a con-
cluding paragraph to the printed copy, to include transactions of
the Council since the report was printed, which will be found in
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their proper place at the end of the regular report as distributed
to the membership.

The Chair put the motion on the Report of the Council and
stated that the Council, through the Secretary, were prepared to
answer the questions which any member might like to ask on
the subjects covered in the report. No such questions being
asked the report was on motion, received, and ordered on file.
The report is as follows:

ANNUAL REPORT OF THE COUNCIL.

The Council, under the provision of the Rules, presents to the
Society, convened for its twenty-third annual meeting, the report
of business which has been considered during the year, and of
action which has been taken.

It has been an occasion of keen regret that the Society has been
compelled to forego the services of its President, Mr. Edwin
Reynolds, during the latter part of the year, by reason of his
continued ill-health. The President was present at the first three
meetings of the Council, but was unable to attend the convention
in Boston and to preside at the meetings of the Council and
Society. He also advised the Council that he would be unable to
attend meetings in the fall and winter during his term of office,
and asked that provision be made for his place to be supplied by
one of the Vice-Presidents. Mr. James M. Dodge has supplied
his place both at the spring meeting and at the meetings of the
Council previous to the annual meeting.

The routine business of the Council in any year is made up in
part of considering requests for the gratuitous distribution of its
Transactions to libraries and the consideration of candidates mak-
ing application for membership. During the current Society year
the Council has acted favorably upon applications for membership,
divided among the grades as follows:

Mehng, | Meting. Total.

Members .......cc0000000e 58 58 116
Associates ................ 17 10 27
JUniors ... .ch00iiiiiiann 49 34 83
Total .........c.veu.. 124 102 226

By reason of the agitation in ‘the fall of 1901 for an increase
in the sum to be paid as computation of dues for life, in the form
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of Life Memberships, there were eighteen such memberships
created last year, bringing an aggregate of $3,600 to the Society
from this source.

The Council has also had the pleasure of acknowledging the
receipt of gifts from members during the year, and would make
particular reference to the receipt of a model of the rifle made
by American tools in Kimberley, South Africa, during the early
part of the Boer War, and which was designated as “ The Long
Cecil.” The Council has transmitted the usual vote of thanks to
those who have favored the Society in this way.

In the summer of 1901 a proposition appecared in one of the
daily papers of New York City, urging on those interested that
the bust of the late Alexander L. Holley, now standing on a pedes-
tal in the westerly part of Washington Park, had ceased to occupy
the position of honor to which Mr. Holley’s memory and achieve-
ments were entitled. It will be remembered that Mr. Holley was
a Vice-President of the Society in its early formation, and was
honored by being created ““ Founder of the Society >’ at the time
of his death, in 1882. The bust had been erected by joint action
of the engineering societies and personal friends of Mr. Holley,
who had subscribed for a fund for this purpose, and it was trans-
ferred to the city of New York, with appropriate ceremonies, in
November, 1890. While the location in the Washington Park
was at that time recognized as not the best, it was the only one
available, but the changes in the city during the period have made
the location less and less suitable as the years went on.

The Council took the question up by appointing a committee
of its members, who had conferences with the other organizations
interested in the original gift of the bust, and, after obtaining the
concurrence of all concerned, the proposition to give the bust a
more suitable and distinguished location was presented to the
Commissioner of Parks. By reason of difficulties with respect to
the legal aspects of a transfer of property which has been deeded
to the city, the Committee up to the present time has only a report
of progress to make. ,

The Council has been requested to approve a proposition to
appoint two members of the Society to act as a joint committee
with delegates from the American Institute of Architects to plan
and arrange for tests upon Steel I-Beams of Large Size. The .
. request was made by the State Architect, and after conference with
the American Institute of Architects, the Council directed that
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Messrs. H. de B. Parsons and Palmer C. Ricketts should be the
representatives of this Society upon such a joint committee.

The Council has tendered the use of its auditorium and other
public rooms to the New England Cotton Manufacturers’ Associa-
tion on the occasidon of their Seventy-third Meeting, in New York
City, September 30th to October 2d.

The Council has also, on the recommendation of its Executive
Committee, authorized the issue of the following circular, pur-
suant to the action which it took in May, 1896, on the occasion
of the previous agitation concerning a legislation which should
make the use of the Metric System compulsory. The circular was
as follows:

AGAINST COMPULSORY USE OF THE METRIC SYSTEM.

THE ExecOTIVE COMMITTEE OF THE COUNCIL HAS DIRECTED THAT THE FOL-
LOWING CIRCULAR AND REPORT S8HOULD BE ISSUED TO THE MEMBERSHIP,

PHILADRLPHIA, U. S. A., February 19, 1902.

To the Counarl of the American Sociely of M.chanical Fngineers, New York City:

Gentlemen: The Committee of your Society to whom has been referred the
consideration of the metric system in comparison with the system in use in
the United States, at a meeting held in Philadelphia to-day at which were
present. the subscribers in person or by letter, begs to report as follows:

An attempt is béing made through the Committee on Coinage, Weights,
and Measures of the Fifty-seventh Congress in reference to H. R. Bill No. 2,054
supplemented by H. R. Bill No. 123, compelling the adoption of the (French)
metric system of weights and measures in all departments of the Government
in all its workshops and in all matters connected with construction or com-
mercial operations other than those relating to public lands and surveying.
In this bill on lines 9, 10, and 11 it will be seen that after fixing a date for
its compulsory use, it states that the metric (French) system of weights and
measures shall be the legal standard of weights and measures recognized in the
United States. The word “ the ” on the tenth line must be considered as mcan-
ing the only legal standard, for the reason that the French metric system of
weights and measures is now and has been for many years legalized by Act
of Congress, and is as free to be used and as legal in the use as are the pounds
and tons or yard, feet and inches heretofore and at present commonly used in
this country. If this bill is passed it will make what we are now using to
such good advantage illegal. The attention of the members of this Society is
therefore called to the proposed legislation, and it is earnestly urged by the
Committee that all members should address their respective representatives
in Congress protesting against the passage of H. R. Bills No. 2,054 and No.
123, expressing in the strongest terms their opposition to a measure involving
changes that will inconvenience and hinder trade and manufacturing, and re-
quiring an expenditure of time and money that cannot be expressed in figures
sweeping away as it does the advantages accruing from the numerous estab-
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lished standards now recognized and universally adopted throughout the
country.
Respectfully submitted,
- COLEMAN SELLERS,
* COLEMAK SELLERS, JR.,

Gro. M. Bonp,

J. E. SWEET,

CHARLES T. PoORTER.

The Counecil also approved the recommendations of its Executive
Committee that the Employers’ Bulletin should be issued at in-
tervals until further notice. Attention is directed to the Report
of the Executive Committee with respect to the service which the
issue of these bulletins has rendered.

The most important subject which the Council has had under
consideration during the current year has been the outcome of
its careful investigation into the financial questions affecting the
Society at this time. The Council reported in circular form to
the membership in May of the current year the results of its dis-
cussion of this question, and repeats for record in its Transactions
the report of their deliberations at that time on matters of per-
manent policy.

The resolutions in this group are as follows:

1. Resolved, that the fiscal year of the Society run from October lst in each
year to the succeeding September 30th.

2. Resolved, that the Council approve the recommendation that the accounts
of the Library Association be incorporated into the books of the Society, and
that in the accounting the two organizations be treated as ome, without in
any way invading the right of coutrol of the Library Association as to its work
or its income, by its Trustees, and without invading in any way the rights of
any persons who are subscribers to its support.

3. Resolved, that the Treasurer be authorized under the direction.and with
the approval of the Finance Committee to borrow such sums as may be re-
quired in the current year for the proper conduct of its financial affairs, and
that the Treasurer have authority to sign the name of the Society to such notes
us may be required under this procedure.

4. Resolved, that the action of the finance Committee be approved and con-
firmed, whereby under the direction of the Executive Committee the Treasurer
was directed to effect the necessary loans from the East River National Bank.

5. Resolved. that the Council approve the following appraisal values of the
Teal estate, library, and stock ot Transactions, and direct that these values be
entered upon the books of the Society as of the date September 30, 1901:

O Real estate...........oiiiiiiiiiiiiii it $85,000
Library .. .ottt it i reae 10,000
Transactions ...........cocoeeeeeenennnnssccnnes ... 15,021

Furniture .............. Ceeteeieareesnsaneans Ceeaes 1,300
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6. Resolved, that the recommendsations of the Finance Committee be ap-
proved, creating a special account, to be known as “ Library Account,” to
which on September 30th of each year shall be posted an amount equal to
1 per cent. of the gross receipts from membership dues accruing during the
fiscal year then ending.

1. Resolved, that the whole of the receipts from initiation fees and life mem-
berships shall be credited as received to a “ Reserve Fund,” that at the close
of each fiscal year 10 per cent. of the total amount to the credit of this reserve
fund shall be transferred to “Annual Income Account,” and as such shall be
applied to current expenses; that the balance of said fund shall be held or
invested as a “sinking fund,” to be apphed to the liquidation of the indebted-
ness of the Society and of the Library Asociatien, in such amounts and at such
times as the Council may direct.

8. Resolved, that the Council approve the action of the Executive Committee
whereby economy of management and administration have been secured with
respect to the curtailing for. the present of the general distribution to all mem-
bers of advance papers before the meeting; the discontinuance of gratuitous
distribution of revised papers with discussion after the meetings; the dimin-
ished use of the return postal cards, and the issue of only two lists of mem-
bers during the year, one of which shall be the alphabetical list, without geo-
graphical distribution, and the other the smaller “ vest-pocket size ” containing
the list of members arranged geographically.

9. Resolved, that a committee be appointed by the President to consider a
general revision of the rules of the Bociety as proposed by the Finance Com-
mittee, in the following resolution of that body: .

“ Resolped, that the Finance Committee recommend that a committee be ap-
pointed to make a general revision of the rules of the Society, especially with
respect to the status and duties of the Finance Committee, and further, to con-
sider such amendments or changes in the rules as may be or have been pro-
posed by members of the Bociety

“The Finance Committee further recommends that the special committee to .
be appointed under this resolution be instructed to formulate a constitution
which shall be adopted or amended only by vote of the entire membership;
by-laws to be adopted or amended by the Council; and rules to be made or
altered by standing committees of the Society, with the approval of the Council.”

The Council appointed its Executive Committee and the Finance
Committee of the Society a joint committee to take under con-
gideration the preparation of a system of accounting which should
reduce the labor in the office of the Society, on the one hand, and,
on the other, enable the Council to be more easily informed at any
time of the exact amount of income and expenditure to be ex-
pected in any fiscal year of the Society.

Under this authority the Executive Committee secured the
services of the firm of Messrs. Sargent, Page and Taylor, public
accountants, who investigated the accounts of the Society and
proposed improved methods in detail. The accountants found
the books to be in proper order and correct, but made suggestions
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as to the form in which the annual report should be presented,
which have been followed in the report from the Finance Com-
mittee, which is appended to this report. The Council has directed
that until further notice each standing committee at the end of
the year shall report to the Council the work which has been done
under its direction during the preceding year. Such reports arc
also appended to the reports of the Council.

In comment on these reports of its Library and House Com-
mittee, Publication Committee, and Executive Committee, the
Council would ask attention of the members to the facts which are
presented with great fulness therein. It may not be generally
appreciated how wide the scope must naturally be of the work
intrusted to committees in an organization the size of the Mechan-
ical Engineers, and it is believed that a careful reading of these
reports will give much valuable information.

With respect to the report of the Finance Committee, the
Council would direct attention to the fact that it contains state-
ments of the cash receipts and disbursements. It presents, second,
statements of the assets and liabilities of the combined organiza-
tions of the American Society of Mechanical Engineers and of the
Library Association; it contains, also, a statement of income and

. expenditure of the Society during the current year. From these
financial statements the Council has drawn off the following facts
and conclusions, for which it bespeaks the careful consideration
of the members:

Items educed- from the accounts of the last year snowsng the cost per member :

(1) Total NUMDEr ON CATAIOZUE.. .. .seososoeccsssescnsssssocssonnsans 2,424
Deduct life members........coo viiiiniiiaiiiaaniiins 108
Deaths and resignations..................cooiiiiaen, 10
Lapsed memberships..............cooiiiiiiiiiiiiiinn. 70’
Members who have not paid current year at September
80, 1902. .. ....ciiiiiiiiiiiiaiiariteiasesianranann 179— 365
Paying membership........o.oiviiiiiiiiinneienns. 2,059
(2) Total receipts exclusive of initiation tees ($4,485), life mem-
berships ($3,600), and fellowship fund ($532).........:. $34,797 49
Received per paying member (computed)........ceceavvese 16 90
Received per member for dues only (computed).............. 13 58

(3) Total expenses of year October 1, 1901, to September 30, 1902,

except operating house ($824.43), mortgage interest

($1,402.50), and repairs and renewals (470.64).......... 34,756 53
(4) Total expended for publications, October 1, 1901, to September

80, 1B02.....cciiiiiiiiiiii ittt eranaaes 16,523 16
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(5) Total expended for salaries in Society’s office, same period... $9,440 00

(6) Total expended for®all other expenditures, except house..... 8,793 37
(7) Total expended for house, including interest on mortgage and
repairs and renewals.........ccoiiiiiiiiiiiiieinenns 2,697 57

Ezpenditure per paying member, October 1, 1001, to September 80, 1903 :

(8) For all purposes including house. ...........ccovvvieeieennns $18 19
(9) For house operation including interest and repairs.......... 131
(10) For all purposes exclusive of house...... secinensessscnrans . 16 88
(11) For publications, printer's work, engraving, binding,
and distribution................ ..ol $8 02
(12) For salaries in Society's office...............cc0nvnn 4 58
(13) For all other purposes except house. .............. e 428
$16 88
(14) -For house operation exclusive of mortgage interest and re-
pairs and renewals.........oeiiiiiiiiiiiiiiiiiieeann 40
(15) For house operation exclusive ot mortgage interest, but
including repairs............ciiiiiiiiiiiiiiiiieianne 62
(168) For operating the library...........ccoiviieiiiiiiiiiiaane 63
(17) For expenditure for postage, circulars, catalogues, and print- .
ing in Society office............iiiiiiiiiiiiiiiiiiial, 218
(18) For meetings and all other expemaitures not otherwise al-
lotted above...........cviuiiiiiiiiiiiiiiiiiea 142

In further comment on these computations, and the tabular
statements of the Finance Committee, the Council would ask the
mnembers to consider the following pomts

1. The present Life Membership fee is $200; the income from
this sum invested in any safe way will be less than the annual
expense per member, which is stated above to be over $17. It is
obvious, therefore, that the Life Memberships are a drain on the
resources of the Society at the rate at which the present member-
ship are receiving return for their dues. It is obvious that the
Life Membership fee should be materially increased.

2. The present large proportion of Junior members as com-
pared to the entire membership causes a financial drain, because
the sum actually received from Juniors ($10) is so much less than
the corresponding expenses incurred on their behalf by the
Society. There are 566 juniors bringing in an income of $5,660,
as against $9,454 expense incurred on their account.

3. The sum ($3,600) received this vear in payment for Life
Memberships is used for reducing liabilitics, and has not been laid
sside as an investment in income-bearing funds.

»
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4. The entire receipts from initiation fees of new members are
used as income for current needs. This is not believed to be a
sound permanent financial policy. ‘I'he receipts from this source
will not continue indefinitely, and are liable to fall off with any
year of industrial depression. The income from regular sources
should be enough to carry on the Society, leaving the whole or a
large part of the initiation fees as a permanent fund. (See Reso-
lution 7, p. 9.) If 90 per cent. of the initiation fees had been
withdrawn as an investment fund ($4,036) as directed by the
Council, there would have been a deficiency for the year 1901-02,
instead of an excess of income as reported on Sheet B.

5. The margin of difference between the total of receipts and
the total of expenditures is not large enough to permit of the
Society’s incurring any additional obligations. There have been
no monthly reunions for this reason this year; projects for extend-
ing the usefulness of the library to members have been blocked,
and there is no reserve fund of consequence should extra expenses
be made necessary in any year. -

6. The average annual amount reported by the House Com-
mittee for repairs, maintenance, furniture, and fixtures has been
an average of $1,200 per annum; the sum expended this year for
this purpose is only $824. The presumption, therefore, would
be that in some subsequent year an increased expenditure will
have to be made to meet the accumulated deterioration.

7. The account makes no provision for the setting aside of any
sum to diminish the mortgage of $33,000 still remaining on the
house. A part of the debt which has accumulated during
the last two years is due to the effort to set aside a sum for the
reduction of the mortgage indebtedness greater than the income
of the Society during those years would altogether justify. *

* It may be serviceable to record the sources from which the equity of $52,000
which appears in sheet C has been secured. It results from the following trans-
actions:

Cancellation Second Mortgage Bonds—

By Gifts of Bonds........cccciiiieiitiiiriirentecccasisraaccasanss $2,000
“ Surrender of Bonds for Life Membership..........c.cocvvuvvnn.. 8,200
“ Purchase with cash from regular sources in ten years............ 16,300
“ Purchase with special Library Funds.........c.ocovieviinniinnns 5,500

Total ...oovveriiencrancancnnncnens ceessescrercsarasnans $32,000

By Increase in Valuation........ccocuvenne T 20,000
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8. The library of the Society, appraised at $10,000, is the only
free public library on mechanical subjects in New York City.
The Committee has recommended that the sum of $300 to be
expended annually for additions to the library. The expenses for
the current year have been mainly for maintenance, and a sum
of money much less than this has been expended for growth.

The Council would call attention to the Appendices, which
reproduce in condensed form a part of the discussion in its cir
cular of May 10, 1902. The figures have been revised to agrce
with the results of the accounting during the year.

The Council would report for record the following deaths in the
membership during the year: John M. Bogle, March 7, 1901; J. B.
Henney, November 2d; Frederick Stieltjes, December 27th;
Walter V. Fitch, January 2, 1902; Charles P. Deane, January
9th; Hezekiah Conant, January 22d; Francis A. Pratt, February
10th; R. G. Ewer, February 21st; Jerome Wheelock, February
26th; Charles H. Nicoll, February 27th; Bryan Donkin, March
4th; W. L. Hoffecker, March 18th; Thomas Forsaith, April 5th;
Henry Morton, May 9th; W. V. Lidgerwood, June 2d; Robert B.
Reading, June 16th; J. B. Johnson, June 23d; John H. Hall,
June 25th; Joseph Cavanagh, July 1st; Hiram F. Lord, Septem-
ber 15th; John S. Klein, July 16th; George W. Weeks, October
7th; William D. Caldwell, October 10th.

The Council has directed that under the provisions of Article
19 of the Rules the following action should be taken with respect
to delinquents:

1. That any member, associate, or junior, who owes for the current year
only, shall be carried forward on the books and his name retained on the
Annual Catalogue. His debt to the Society shall be considered as an available
asset.

2. That on September 30th of the succeeding year, if more than one year's
dues remain unpaid, his name sheall be transferred to the “Suspended List,”
taken from the roll of the published catalogue, and his account transferred to
the “ Bad Debts Account.” From the Suspended List he may be restored to
membership and the published roll, by action of the Council, without re:lection
or general vote of the Society.

3. Names which have remained one year upon the Suspended List shall be
dropped at the end of that time without further actior. of the Council, and such
persons may only return upon applying for membership as new candidates, the
Council to decide in each case whether the candidate shall be compelled to pay
an initiation fee upon this second election.

Under this ruling the accountant was directed to carry forward
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179 members on the roll who were in arrears for one year’s dues
only, but to withdraw seventy names of those who had allowed
their membership to lapse under the foregoing ruling. The re-
vised enrolment of the Society in its various grades, under this
action, at the end of the fiscal year is as follows, not including the
members to be voted on for admission at the annual meeting:

Honorary members.........occcu..s tecesesacrsenne oo 18
Life members. ....ccveeeeeracierennesrcccancsecanncns 106
Members ........ Seacsssssessnacansonsasacsssssesvans 1,606
AsBOCIAtes .....cceiiiienniiinrieninian ceeseeetecnaas 174
JUNIOTB covvverenincrnsncccesnsnrarcaconsncsncnes .. 561
Total ........ esss0unstassrectstssasacnassnsasse ceeteennas 2,349

Respectfully submitted,
Tae CouNciL.
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APPENDIX I.

THE COST OF OPERATING THE SOCIETY.

It will be apparent from a study of the accountant’s report that the principal
elements of expenditure fall under the following heads in the order of their
magnitude:

1. The Transactions or publications.

2. Salaries of officers and staff.

3. The headquarters or house of the Society.

4. Sundry printing, circulars, postage, meeting expenses, and miscellaneous.

The Council has considered each of these headings and presents the follow-
ing conclusions:

1. The Transactions or Publications of the Society.

Economy may be effected here in two ways: The number of accepted papers
may be reduced, and the size of the annual volume which goes to each mem-
ber; or the mechanical standard in printing and illustration may be lowered,
and the price cut, without impairing the professional value of the volume;
or both of these courses may be taken at once. It is the emphatic opinion of
the Council that the first alternative should be taken only in the last resort.
The volume of the papers is to many members of necessity a very valuable
return from membership; the quality of the papers gives the Society its repute
and standing at home and abroad; these papers are the reason and cause for
succesful and valuable conventions of members; they are the principal appeal
for accessions of new members and the continued growth of the Society. 8o
far from curtailing here, the Society should expand in the direction of more
papers, of wider interest, of superior quality and usefulness, even if it must
expend something more to attain these results.

On the other hand, the effect of lowering the mechanical standard of print-
ing and illustrating the papers is mot so far-reaching. A cheaper grade of
compositors can be employed; a diminished number and size of illustrations
can be admitted; folding plates may be eliminated or reduced; the elegant
wax process for cuts can be replaced by cheaper reproduction processes; tabu-
lar matter can be cut out or diminished; coated paper for half-tones can be
discontinued. With respect to the distribution of papers, the edition of papers
issued in advance of meetings has been cut down in size, and such papers sent
only on order, and not to every member before a meeting, as hitherto. Mem-
bers have been charged for each copy of every revised paper they order after it
has been read and discussed.

The Council hope, however, that as soon as possible the Society will order
a return to the more liberal and satisfactory standard which has prevailed
hitherto. As it is, however, the report of the Publication Committee makes it
apparent that this Society is spending less on its publications in an average
year than its kindred societies of similar size and aim.

2. The Balaries of Officers of the Society and the Office Staff.

The Secretary of the Society is its only salaried officer. The Treasurer re-
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ceives no compensation, but the accountant in the office is the Treasurer's
assistant and clerk. Any further clerical assistance which the Treasurer may
employ, he pays for himself out of his own pocket. The staff in the Bociety’s
office consists of one accountant, acting mainly as such and as assistant to the
Treasurer, one stenographer, one assistant librarian, and one mailing clerk
who acts also as order clerk. The volume and extent of the business
in the office precludes any consolidation of these duties among a less number;
or, in other words, the work could not be done at all with a reduction of force
to less than ome in each department. The work of the Secretary of the So-
ciety as editor of its Transactions, as chief librarian, and executive officer for
the Council, is discharged by a secretary and an assistant. This organization
prevails in all the large engineering societies doing work upon the scale fol-
lowed by this Society. The Mechanical Engineers are unique in this, however,
that for the service of these two men it pays a sum no larger than is paid to
one man in the other societies. This arrangement seems so favorable that the
Council have no desire to disturb it, particularly in view of the satisfactory
quality and extent of the service rendered. The report of the Executive Com-
mittee makes it apparent, furthermore, that this Society is paying less for
salaries and staff than the other engineering societies of the same kind. The
Council has not thought it wise to make any readjustments in this particular.
The amounts of the salaries in detail will be found in the reports of the com-
mittees, and those of the house staff are considered in the next paragraph.

3. The House serving as Office and Headquarters for the Society.

The accountant reports that the net cost of operating the house, No. 12
West Thirty-first Street, New York, last year, including wages and mortgage
interest was $2,607.57. A careful computation of the minimum floor space upon
which the Society’s work could be conducted in its relations as a national
organization would be 1,200 square feet, in order to give desk room for Sec-
retary and assistant, for accountant and stenographer, with safe and records,
and for mailing clerk, with his supplies and files. The prevailing rental in
office buildings in this city averages from. $2 to $3 per square foot. If this
Bociety rented its quarters it would have to pay, therefore, at the rate of about
$3,000 per annum for its office functions only, and would have to rent a hall
for its meetings, and forego its library and its public functions altogether. To
give up the house would be also to abandon the advantages attaching to non-
resident members as to the use of rooms, and to forego all the sentiment and
prestige which belong to the ownership of a house. It appears to the Council
so greatly to its financial advantage to keep on in the present way, to say
nothing of the imponderable advantages, that there can be but one conclu-
sion. The house staff requires one house matron and superintendent (whose
duties are consolidated with those of assistant librarian), a janitor who is also
the fireman, and a maid. This is a minimum for effective service, and could
not be reduced. Their wage is at the prevailing rate for such work, as de-
tailed in the report of the House Committee. If an interest of 4 per cent. on
the equity of $52,000 be added to the operating and interest cost, the total
" becomes only $4.306.93, which is not a large price for what the Society re-
ceives in return.

4. Circular Printing, Meeting Expenses, Postage, Miscellaneous.

It is apparent that in this heading alone the considerable cut must be
made, if the efficiency of the Society is not to be seriously impaired. Accord-
ingly, it fs here that the Executive Committee has cut its estimates most
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severely. It has reduced the number and quality of its catalogues; it has
diminished the number of circulars issued; it has consolidated the transmittal
into & less number of inclosures; it has increased the proportion of expense
of the New York meetings to be borne by local subscription; it has cut the
use of return postal cards with prepayments; it has reduced the scope of
circularized material.

The Council would call attention to the fact that salaries and house charges
are the only elements of expenditure which are independent of the size of the
Society, and are thus truly fixed charges. The costs of publications, of
clerk hire, of circulars, of postage, and of meetings grow with the growth of
the Society, while the only independent items are one-third of the total ex-
pense. It is this fact which explains in part why the cost of the Society
should increase with its growth in members, or why ,the cost per member does
not fall so rapidly as it would where increased output was not accompanied
with increased operating expense. (See Table in Report of Finance Com-
mittee.)

APPENDIX IL

REPORT OF THE LIBRARY AND HOUSE COMMITTEE.

To the Council of the American Sociely of Mechanical Engineers :

Gentlemen: The Library and House Committee presents the following re-
port of its action during the current year:

L The library has been open every day between the hours of 10 a.m. and
10 p.m.—excluding Sundays and legal holidays—except evenings in the month
of August. The additions to the library in the form of exchanges, which have
been received as the equivalent of an annual volume of the Society’s Transac-
tiong, have amounted to $303.

The Committee has expended for the purchase of books and for the binding
of periodicals and pamphlet Transactions, the sum of $471.50. There has also
been received, from dealers purchasing duplicate volumes, $40, and there re-
mains a credit to the Society with the house of D. Van Nostrand & Co., on
this basis, of $287.80. Since December, 1901, visitors to the library have num-
bered 1,500, averaging six persons a day, excluding July and August, when
there are generally few persons there.

For the conduct of the library work the Committee has had this year the
services, for a part of his time, of Mr. Arthur L. Rice, assistant to the Sec-
retary, and the continuocus services of Miss Thornton as librarian and cata-
loguer. The manuscript of the card catalogue has been completed, so far as
the book titles are concerned, but by reason of the expense involved the cata-
logue has not been printed for distribution. The number of volumes in the
library at the date of this report is as follows:
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The appraised value of the library at the beginning of the year 1902 was placed
at 810,000, this being the mean of the two appraisals which are appended to
this report.

1I. During the fiscal year the Finance Committee appropriated for the needs
of the house the sum of $5,191.40, distributed as follows:

For operating expenses.............ccooveevnneens $3,318 26
For interest on mortgage................ tesecenas 1,402 50
For repairs and additions. ........................ 470 64

B 7 $5,191 40

The receipts on account of room and hall rentals for the year have aggre-
gated $2,493.83. This makes met cost of operating house, $824.43, and the
total cost, exclusive of interest on equity, $3,227.57. The Committee directed
the renewal of paper and paint in certain of the rooms in the upper part of
the house, and repairs to the side walls in the reception-room, at a cost of $172,
in addition to other ordinary repairs during the year, amounting to $169.23, of
which $67.16 was caused by repairs made necessary by a leak in the roof, and
$25.73 by repairs to a water connection due to a break in the pipe connections
from the city main in the street, leaving $76.36, which has been expended for
other repairs, of which $49.70 was for painting and papering in the fall of 1901.
The expenditures in detail have been as follows:

Interest on mortgage..........ccviiieiiniiiannn. 81,402 50
Gas and electric light......................c o0l . 547 59
Fuel oooviiiiiiiiiiiiiiiiiiiiiiiiiiiirciainaanan. 247 25
Janitor’s supplies.............coiiiiiiiiiiiiaa., 143 97
Laundry . ..cviiiiiiiiiiiiiiiiiiiiiiiiiieeinenn. 437 97
Additions, new furniture, ete...........cc0o00iin... 44 50
INsurance ..........c.cociiiiiiienietiiniiienianes 45 13
Repairs and renewals, house...................... 340 00
Repairs and renewals, furniture................... 130 64
WREEB .o etiiiiiiiiiiiiiii ittt iraaas 1,740 00
Incidentals .............ccoiiiiiiiiiiiin, 156 35

fixtures ............coiiininan., eeeeneienan $5,235 90

The Committee directed the purchase of two tons of coal in April, 1902, at
$5.76 per ton, and of 45 tons in May, for the winter’s supply, at $5.26 per ton,
in all $236.25.

The House Committee employs, for the conduct of the house and library
administration, a janitor and his wife (at $60 per month), and has the services,
for part of the time each day, of a boy (at $45 per month), part of whose
duties are connected with the work of the Society’s office.

The auditorium has heen used during the year for the meetings of the In-
stitute of Electrical Engineers, of the Society of Naval Architects and Marine
Engineers, of the American Society of Heating and Ventilating Engineers,
and for certain meetings of the New York Railroad Club, and for occasional
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meetings of scientific societies (such as the Ethnographic Society), the receipt~
from this source amounting to $415. The receipts from the use of the sleeping:
rooms, on the upper floors of the house, during the year have amounted tu
£2.078.83.

The Committee was called on in the spring to report to the Council the
amount which should be set aside each year for library purpoees. The Com-
mittee reported that in their opinion the sum to be set aside each year for
the purpose contemplated in the creation of the account designated as *Li-
brary Account” should be about $300. In view of the fact that the sum
due at present from the membership in the form of dues is in the neighbor-
hood of $30,000 per annum, the Committee recommended to the Council that it
should fix the percentage of such dues to be credited to the library fund for
the present year at 1 per cent. Two past members of the House Committee
were requested by the Finance Committee to investigate and report upon the
expenditures made in the past for repair and maintenance of the Society’s
property. The report of such past members of the House Committee, with
their recommendations, is appended to the present report.

Respectfully submitted,
LIBRARY AND HousE COMMITTEER.

APPENDIX IIIL

New York, February 20, 1902.
977 Lexington Avenue.
Prof. F. R. Hutton, Secretary, American Society of Mechanical Engineers
12 West 31at Street, New York City : ’

Dear Sir: Acting on your request contained in your letter of the 10th
inst, I have the honor to report that I have made an examination of the
library of the American Sociéty of Mechanical Engineers, finding, as a result,
about 7,600 volumes and 2,000 pamphlets on its shelves, to which I fix a value
of $14,000.

In geperal, it proved to be a well-selected collection on mechanical engineer-
ing, with the more important recent works on electrical engineering. The
stress laid upon complete flles of the technical and trade periodicals is wise
snd will be approved by workers in current technical research.

Very respectfully,
H. M. LYDENRBERG.

NEw Yorg, March 3, 1902.
Prof. F. R. Flutton, Secretary, American Society of Mechanical Engineers, New
York City - :
Dear Sir: Agreeably with your request, I have made a careful examination
of the beoks in the library of your Society, and as a result of such examina-
tion, conclude that a fair valuation of same would be eight thousand dollars

(£8,000).
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I would remark that there are in the library many incomplete sets of serial
publications, the missing portions of which can, in many instances, be obtained
at nominal cost, and if obtained would add materially to the value of the
library.

I would be glad to aid the library in the matter if desired, and inclose here-
with bill for services rendered, and am,

Yours very truly,
C. E. BPEIRs.

‘ APPENDIX IV.

New Yorx, April 12, 1902.
To the Finance Uommittes of the American Society of Mechanical Engineers :

The undersigned Committee, appointed to report upon the past expenditures
of the Society for repair and maintenance of the Society’s property, and also
to recommend a suitable amount to be set apart annually for such expenditure
in the future, respectfully reports as follows:

1st. From the statement of the expenditures of the Society on this account
for the past ten years, furnished by the Secretary, it will be seen that the total
amount expended during that period was $17,622. This includes, as per the
following statement:

Farniture

and Fixtures. Equipment. Repalrs

1892 ....oiiiinnnn $261 99 $246 72 $189 33
1893 ....iviiiienns 945 16 451 50 119 95
1894 .....ivnnnnnn 642 43 363 50 15 29
1895 ...vvviennnnn 287 21 336 78 : 328 50
1896 .............. 848 88 245 20 338 73
1897 «oovvvninnnnnn 451 62 423 41 325 46
1898 .....iiiiiinnn 656 07 12 75 672 21
1899 .......conunen 592 27 62 25 1,138 02
1800 ...cvnvvnnnnn . 6142 ... 537 98
1901 ....ovnnvennnn 31766 0 ...... 1,610 96
Totals........ . 85,617 54 $2,142 11 $5,276 43
Furniture and fixtures..... cesesenee Ceerecsenneaas Ceerae. $5,617 54
Equipment ........... Seesessenetnansanseissatcrssesanans 2,142 11
Repairs .......cooviiiiiiiiiiieneiiientnnieniiiniacnnn. . 5,276 43
Total ..o vviiivieiiiniieiieninseanns Creresieertaanna. $13,036 08
Heating and ventilating............... O 4,486 00
Total ....covviiiiiiiiiririianecsnansnn Ceeriiiecanae. $17,522 08

Certain large items, namely about $4,600, for the heating and ventilating
apparatus, about $1,000 for electric wiring, and about $500 for the construction
of store closets. are not at all likely to be again required.
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2d. Taking into account the above figure, it appears that the average ex-
penditure during a period of ten years has been $1,760 per year. Omitting
the above-mentioned items, we consider that an appropriation of $1,200 per
year will be suitable for the maintenance and repairs of the property.

Respectfully submitted,
JEsse M. BMITH,
H. H. SuPLEE,

APPENDIX V.

REPORT OF THE PUBLICATION COMMITTEE.

To the Council of the American Society of Mechanical Engineers :

Gentlemen: The Publication Committee of the Society has been giving
consideration for several months to the question of securing greater economy
in the mechanical work of printing the volume of Transactions. The ques-
tion naturally involves two issues.

The first was a reduction in the price paid to the present printer, by an
alteration in the form of the contract, and

Secondly, the procuring of bids from other houses capable of handling the
publishing of the Society’s volumes.

The Committee has taken steps in both of these directions. As the result
of the first procedure, the form of contract with the present house has been
amended, so as to reduce the cost of a typical volume of the Transactions by
a sum, which, while it will, of course, vary with the size of the volume, is likely
to be for an average volume (such as volume xxi.) a reduction of $2,300 in the
eost of the yearly volume.

The second question was whether, by securing a contract with another house
doing hand composition, it would be possible to procure more advantageous
terms, or whether, by substituting the type-setting machine for hand-work,
with the present contractor or with some other, it would be possible to effect
an economy, while keeping up the standard of the volume in the matter of
mechanical excellence.

It should be recalled that the requirements of the Society upon its print-
ing house are exacting, by reason of the fact that the Society practically
issues one-half of its volume at high speed within a few weeks in advance of
a meeting, and then holds the type of that half volume standing, while the
discussions which are held at the meeting are inserted in their proper places
at the close of the paper to which they attach. This means that the type
for one-half the volume must be completely set up within a few weeks, and
kept locked up at the service of the Society for a period which averages four
months, twice a year, or eight months of the entire year. The Society’s work
requires also the use of mathematical symbols, subscript letters, and the dif-
cult work of setting up équations and tabular matter, which is not possible
by the type-setting machine method.

It was found that several of the largest printing houses in the vicinity did
not care to consider the undertaking of our work, by reason of its conditions
with respect to rapid composition and locking up type, and for others the
demand for type was beyond their capacity. The Secretary’s office furnished
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the various competitors with a standard specification and sample volume as to
standard of quality, using volume xxi. for this purpose, as being a volume of
average type. The competing firms were six in number, and the result of their
bids reduced to a common standard for volume xxi. by careful computation
give the figures shown in a confidential appendix of this report.

It was the opinion of the Commitee—

1. That the difference in price for hand work by the various firms, as com-
pared with the present contract with the house of J. J. Little & Co., did not
warrant the Committce in recommmending a change to any of these houses;
particular’y since J. J. Little & Co. agreed to set such papers as admitted it by
machine, and give the Society the benefit of the machine rate where it could be
applied.

2. The question then was as to the acceptance of the proposition of one of
the approved bidders to do the work entirely or largely by the type-setting
machine at its reduced rate. It was the opinion of the Committee that by
reason of the proportion of work which would have to be set up by band in
any case, the expensive character of corrections, and the difficulty connected
with them.(which are very frequent in scientific and technical articles pre-
pared under the strain to which many of our members are necessarily put when
they undertake such work), and the uncertain character of the actual saving
for these reasons, as compared with the computed saving in advance ,of ex-
perience, that there were not sufficient reasons to induce the Committee to
recommend a change, in view of the inconvenience, delays, uncertainties, and
other drawbacks, which would be the unavoidable consequence of making a
change of this sort, and the possibility of using machine processes with the
present centractor, where this weuld te of advantage to the Society.

The Committee therefore recommends that for the present there should be
no change made in the selection of the Society’s printer, but that the Council
approve the form of contract with the house of J. J. Little & Co., on the basis
of which the economy will be made which is referred to in paragraph 2 of this
report.

The Committee would also report upon the conduct of the current work of
the year under its charge.

The appropriation for the work of the Committee at the beginning of the
year was distributed as follows, and under the following headings. The amounts
which have been expended for the volume of the current year under each head,
as taken from the Society’s accounts, show the total for the year $7,920. Tho
round figures are:

Advance PaperS.........coceieteiiiiieineiiiiaienaas $1,250
Revised ...o.vvvieiiveriiiiieiiiieniiieiiaiiennenins 679
Stenographer's fees.............c..iiiiii, 255
Engraving .....cooiiiiiiiiiiiiiiiiiiiiiiiiiiaaa, 324
Composition and electrotyping. ...coevuiiiiieninann.. 4,977
Binding .....cooiiiiiiiii i e e 108
Boxing plates........oooiiiiiiiiiiiiii i 13
Postage and eXpressage.........ceeevensecnrarananans 104
Storage, including insurance........... Cereeeteataaa 120

87,920
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The Committee has also expended on account of work coming over to it from
its previous year the sum of $8,600, making the total cash payments for the
year under its directicn $16,5623.16.

This amount carried forward is made up of:

Pamphlet papers.............cccvieeieenann D $924

Engraving .......coiiiiiiiiiiiiiiiiaitiiieiieiennn. 279

Composition and electrotypmg ........................ 4,241

Binding ........coiveevineiinnnens eeeteretaeriaeeaes 1,958
Boxing plates...........coiiiiiiiiiiiiiiiiiiaiii, 10
Postage ........ceieeiiiiiiiiaiiinnnn [N 1,088
Storage ......cciciiniiiieniinns credsssessirransonres 120
$8,600

In comment on these figures the Committee would direct attention to the
fact that the reason why the grand total exceeds the statements which have
been made in previous years, is the allotting of certain expenses—such as the
stenographer’s fees, the stornge, the expenses of shipment—to the appropria-
tion for the Committee’s work instead of charging these either separately or
as part of the office expenses of the Bociety, as prevailed in previous years.
Furthermore, & much greater effort has been made this year to bring expen-
diture for publications apportioning itself to the current year, into the items
which the Committee reports in that year. In previous years less effort was
made to secure this result, so that items chargeable to the volume of a given
vear were completed and paid for in the next succeeding year, as indicated
above. While this procedure evened itself up in the long run, the definite cost
of any single volume was not so easy to reach, as under the present system.

The Committee did not conmsider that it had bLeen instructed by the Society
or the Council to curtail its operations with rearect to accepting desirable
papers, but only to pursue a policy of retrenchment in the matter of expen-
sive tabular matter, elaborate illustrations, and similar mechanical d-tail. The
volume of the current year contains 900 pages, but the Committee has had
to pay for the work of setting up and issuing the report of the Committee
on Conducting Engine Trials, which is not made a part of the current volume,
and will not be incorporated into a volume until the Society has taken action
upon the work of the Committee and releases it. For this reason, and because
of the infusién, by the new system of accounting, into the expenses of the
Transactions of certain iteme which in previous years have been charged up
to “general expense” in the office routine, the Committee was compelled to
exceed its own estimate of the sum which should properly belong to the work
of the Committee.

By reason of the different methcds of accounting in the various societies, the
Committee is not confident that in the investigation which it conducted as to
the relative cost of the publications in this Society and in two of its kindred
societies, it was able to present a fair comparison. Subject to this uncertainty
the Committee would present for record the result of computations covering
the last five years, in the following table taken from published reports:
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RELATIVE COST OF PUBLICATIONS.

Year Civil Engineers. Mining Engineers. Mechanical Engineera
1896 .......... $8,763 38 821200 0 ........
1897 .......... 8,450 00 1059200 = ........
1898 .......... 11,000 00 11,447 00 $10,973 00
1899 .......... 10,723 00 9,475 00 9,643 00
1900 ........ .. 14,843 00 11,582 00 12,798 00
1901 ...iiiiiie ceeeniens 13,654 00 12,740 00

Respgctfully submitted,

PuBLICATION COMMITTEE.

APPENDIX VI.

REPORT OF THE EXECUTIVE COMMITTEE.

The Executive Committee of the Council has been intrusted by that body
with special oversight with respect to the expenditures in the Secretary’s office,
which do not attach themselves directly to the work of any of the stated com-
mittees. The items which fall under the headings of such expenditure, in this
group, and the amounts attaching to each are as follows:

. Certificates and introduction cards................. $172 25
Badges, expenses of distribution................... 21 33
Circulars .......cc00iiiieiernnnnnencennenncancans 1,607 20
Meetings ...oovviiiiiiiiiiiiiiiiiiiiriieeaaes .. 1,049 62
Catalogues. ......oovviinnriionnnerseinnnescssnes 1,250 98
Office accounts, exclusive of salaries............... 1,444 92

The title “ certificates and introduction cards” refers to the expenditure
connected with the printing, engrossing, and distribution of the diplomas of
membership, and the introduction cards which are given by the Society to
each member when his initiation fees are paid. It will be apparent, therefore,
that this item will vary each year with the number of members joining the
Society, since the expense connected with each diploma and card is a definite
sum for each. Similarly the expenditure for badges in the Secretary’s office
is the expenditure connected with distribution only, since the Society orders -
these badges from a jeweller, and they are billed to the members at the jeweller’s
price.

Under the head of “Circulars” the Committee has grouped the expenditure
of each year into three headings. These headings are called “admission cir-
culars ” ($429.70), “ circulars in connection with the meetings ” ($705.565), and
¢ general circulars” ($471.95). The expenditure covers the printing and the
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postage or expenses of distribution. The effort is made wherever possible to
economize the postage by grouping these circulars into a single inclosure, even
if by so doing the risk is made that the varied character of the contents of the
package will fail to attract the attention of the members. The “admission
drculars ” cover application blanks, various confldential circulars of inquiry
concerning candidates; the posting lists and the professional service sheets for
the information of voters, and includes all expenses for postage in connection
therewith. The “ meeting circulars ” cover programmes, the preliminary mnotice
of meetings, the printed register of members in attendance, and all minor print-
ing exclusive of the professional papers which belong to the two semi-annual
conventions. Under the general head are grouped all circulars of an occasional
or special sort. This year there have been very few such circulars issued out-
side of the six Employers’ Bull-tins except the pamphlet covering a financial
report and statement with recommendations, which was sent to the members
in advance of the Boston Meeting, costing over $100.

It will be of interest for the Committee to say that something over 250 per-
sons have been brought into contact with the professional opportunities through
the Bulletins and something over 150 employers in search of men have had their
needs made known. The volume of correspondence incident to these 400 en-
gagements is at least three times that of the number of persons or positions
affected. In the opinion of the Committee this undertaking is decidedly worth
while, and has been the means of bringing into touch with the Society, mem-
bers who will add to its strength and importance. It will be apparent also
that the expense connected with these headings will increase each year with
the growth of the Society.

Under the heading “ meetings” comes the expense in connection with the
two semi-annual meetings which are not included under the expenses of print-
ing and circulars. These cover those expenses in connection with the annual
meeting, recurrent each year in New York City, which are not borne by in-
dividual subscription of the local membership. They cover also the expenses
of the button badges, numbered tags, and the travelling expenses of the So-
ciety’s officers in attendance on the conventions.

Under the expenses of  catalogues ” is included the composition, press work,
peper, and postage for the two issues of the catalogue of the Society. The
first of these, which is the alphabetical list, is issued at the beginning of the
calendar year, for desk use, and the second is issued during the summer with
the members grouped geographically, in an edition small enough to be con-
veniently carried in the pocket. This summer edition contains the corrections
of address which have been received during the preceding six months, and the
additions to the roll of the Society by election since the previous issue.

The two catalogues, therefore, are not in agreement. So great is the number
and volume of the changes of address during the six months’ period between
catalogues, that either issune is practically valuleless by reason of its inaccuracy
by the time the next one appears. The large catalogue costs, with postage, a
little less than $700, and the small catalogue a little over $500. Both of these
catalogues were set up by the type-setting machine. They are freely issued to
members and others, on demand, since it has been the opinion of the Committee
that they are to be treated as a species of advertising literature, and have a

distinct use in bringing additional members into the Society. For this reason
the edition of each issue is made about 3,000. This, again, is an expense which
will increase directly with the growth of the Society in numbers.
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Under “Office Account” the Committee includes salaries in the office and
the general expenditure for the conduct of its business. The salaries are as
follows:

BeCretary ......ooiiiniieiiiiintiieianiacinionainen $3,600
Assistant to Secretary................... 0000l 2,400
Accountant and assistant to Treasurer............... 2,000
Stenographer ..........cciiiiiiiiiiiiiiiiiiiienie 720
Mailing clerk....... Creceeeercennecsnsstessans crees 720

it 18 the opinion of the Committee, after careful investigation of the volume
of business which passes through the Society office during the year, that no
reduction of office force could be practicable and have the business of the So-
clety gotten out on time. The distribution of duties is such that each depart-
ment requires the full time of the subordinate officer intrusted with it.

It may be of interest for the Committee to put on record the results of an in-
vestigation as to the amount exyended for salaries in its kindred societies dur-
ing the last five years, as derivable from their published reports. The table (in-
cluding all officers of the Society and wages of employés) is as follows:

Year. Civil Engi- Mining Engl- Mechanical
neers, neers, Engineers.
1896 .........c00000n $11,645 $9,904 $7,384
1897 ooiiiiiiiinnns 11,331 9,694 7,945
1898 ....oiiieee, 12,826 11,144 8,045
1899 .......covvneie. 15,856 11,197 8,529
1900 ....iiviiinnenn 16,282 11,984 8,933
1901 ...l 16,022 13,340 11,780

’

The expenditure for stationery in the Secretary’s office, and the necessary
printing for the correspondence, together, has amounted during the year to
$300. The expenditure for postage, exclusive of such items as are specifically
charged, has been $550, and is mainly for the oflice correspondence and for the
business connected with the collection of dues. It will be apparent, again, that
as the Society grows in size both of these items must increase in direct ratio.

Under the head of “Supplies ” the office has purchased during the year an
addressing machine, with a view to reducing the expenditure of time and money
in connection with the very considerable mail issues which go out each year.
1t may be of interest for the Committee to say that in any one year there is a
minimum of seven full sets of addresses prepared, covering the entire member-
ship, and that in addition the ordinary volume of a year’s business covers a
minimum of transmittals through the Secretary’s office of 43,000 units. In
ordinary years this is more likely to exceed 50,000.

Respectfully submitted,

ExXECUTIVE COMMITTEE.
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APPENDIX VIL

NEw Yomk, March 19, 1902
Prof. F. R. Hutton, Secretary, 12 West 81st Street, New York City : -

Dear Sir: Inclosed we send you our report as an Appraisement Committee
upon the property at 12 West Thiry-first Street, which we request you to pre-
sent at the next meeting of the joint Executive and Finance Committees, tu-
gether with the accompanying estimates which have been made at our request
by persons competent to make appraisements.

Very truly yours,
Jessg M. SurrH,
H. H. SuPLEE.

REPORT.

The undersigned were appointed by the Executive and Finance Committees
to act as a special committee to report on the value of the real estate of the
Soczety and the property contained in the house No. 12 West Thirty-first Street.
They would present their report as follows:

L

The property at No. 12 West Thirty-first Street falls naturally into four
groups: ’

1. The house and lot.

2. The library.

3. The stock of Transactions of the Society.

4. The office and household furniture. .

It was the intention of the Committee to have more than one estimate or
appraisal made in each subdivision, and, if possible, to obtain three. This
has mot been possible in all cases. The Comnmittee has obtained the services of
the best available experts, and would base its recommendations upon the re-
ports of these experts, which are appended to the report of the Committee.

II.

With respect to the real estate, the Committee would say that Messrs H. H.
Cammann and Charles 8. Schuyler have made independent estimates, and have
valued the Society’s holdings at $80,000. A third estimate at $90,000 has been
fumished by Mr. 8. W. Baldwin, as the result of a conference with four real
estate men of experience in this neighborhood. A fourth estimate of $90,000,
i based upon s sale at No. 14 East Thirty-first Street, which changed hands,
at the rate of $£3,000 per lineal foot of front face, and it is the opinion of ex-
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perts that property west of the avenue always commands a higher rate than
on the east side. The Society’s lot at No. 12 West Thirty-first Street has
284 feet front. It is the opinion of your Committee, therefore, that its value
is in excess of $85,000, and would report that, in its opinion, its value should
be placed at $85,000. The custom in this city and its neighborhod is to give
no value to the house when land is bought and sold.

1II.

The library of the Society, located on the second floor of the building, has
been appraised by Mr. H. M. Lydenberg, who is an assistant to Dr. Billings, who
is at the head of the New York Public Library. A second appraisal was made
by Mr. C. E. Speirs, who is the active man in the firm of D. Van Nostrand &
Co. The Committee was unable to secure the services of a third competent

expert.

The value assigned by Mr. Lydenberg is............ $14,000
The value assigned by Mr. Speirs is...... 8,000

The Committee, therefore, recommend that the present value of the library be
considered to be $10,000. This appraisal does not cover the permanent fixtures
such as shelves, or furniture, but applies to books only.

Iv.

. With respect to the value of the stock of volumes of the Society’s Trans-
actions, the Committee finds that the average cost of reproduction in an edition
of 260 copies, will make the cost of replacing a single volume, in paper binding,
amount to $1.10. It is the opinion of the Committee that as the years go by
and the volumes become antiquated as records of engineering achievement,
their inventory value should be diminished by ten cents per annum per volume,
so that at the end of eleven years its inventory value should disappear.

On this basis, of the 5271 volumes in stock, only 2,794 volumes would be
inventoried. On the basis of the foregoing valuation this stock would have a
value of $1,786, the earlier volumes being considered to have no inventory
value. The Committee has similarly considered that the stock of pamphlets
of separate papers, which is considerable, has no inventory value.

V.

With respect to the rurniture in tne nouse, your Committee has divided it
into two groups, which it has designated as office furniture, and belonging to
the conduct of the Society’s general work; and into household furniture, which
includes the specific equipment of the house for other purposes. The value of
the office furniture is estimated at $736.50; the value of the household furni-
ture is called $662.75; making a total valuation of both groups $1,209.25, ac-
cording to this appraisement.
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The Committee summarizes its findings as follows:

1. The house anc 1ot. .. ..euenenrnreernenenenenes .. $85,000
2. The library...... eererere e, 10,000
3. The stock of Transactions............ccoavvuenne 1,786
4. Office and household furniture................... 1,300

$98,086

All of which is respectfully submitted,

JessE M. SMrrH,

H. H. SUPPLEE.
March 19, 1802,

New YORrk, January 20, 1902.

Mr. F. R. Hutton, Secretary American Society Mechanical Engineers, 12 West
81t Street, New York City :

My Dear Sir: I beg to acknowledge receipt of your letter of January 18th.
In regard to the value of the building and lot, we appraise it at $80,000. If
this appraisal is for you personally, there will be no charge for it from us.
With kind regards, very truly yours, )

CrarrLes E. ScHUYLER & Co.

P. 8.—I have inquired among several friends who are operating in this sec-
tion, and they believe it to be a fair and conservative valuation of the property.
Very truly yours,

CHARLES E. ScruYLER & Co.
Per M.

NEw YoREK, January 13, 1902.
F. R. Hutton, Esq., Secretary, 13 West 81st Street :

My Dear Sir: Your favor of the 11th inst. is received. The property belong-
ing to your Society on Thirty-first Street is probably worth about $75,000 to
$80,000, considered as a marketable piece of property. Of course conditons of
adjoining ownership, where parties specially desire your premises, might enable
you te get a considerably higher figure, and in the same way something in-
jurious adjoining your premises might rake it worth less; but considered
merely as an independent piece of property, we think the value that we have
given would be approximately correct.

Yours truly,

H. H, 'Cnnumw.
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NEw Yorg, January 20, 1902,
F. R. Hutton, Esq., Secretary, 12 West 818t Street
My Dear 8Sir: Your favor of the 18th inst. is received. The value which we
placed upon No. 12 West Thirty-first Street covered the land and the building.
The building practically has not very much value, although it might efiuble a
purchaser to get rent from the property for a few years in case he did not desire
immediately to build on the lot.
Yours truly,
H. H. CAMMANN.

NEw YOREK, January 22, 1902,
Mr. Jesse Smith, St. Pawl Buslding, New York, N. Y.:

Dear 8ir: Referring to the valuation of the Thirty-first Street property, I am
advised by a real estate friend, that, in his judgment and that of three of his
friends who are familiar with property in that vicinity, that it is worth $90,000.
He says three 25-foot lots have recently been sold in the street for $75,000—or
$25,000 per lot; that, in his judgment, the value will gradually increase.

Yours truly,
STEPHEN W. BALDWIN.

APPENDIX VIIIL

REPORT OF THE FINANCE COMMITTEE.

The Finance Committee respectfully present the following financial statements
designated as Sireets A, B, and C, which have been examined and approved by a
chartered public accountant. They present also a series of computations show-
ing the cost per paying member from 1894 to 1902, and an estimate of the prob-
able receipts and expenditures for the ensuing fiscal year.

Respectfully submitted,
FINANCE COMMITTEE.
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The Council has also taken action since the first draft of the
report on the following questions:

The Committee provided for by resolution at the Boston Meet-
ing to consider and report upon the question of Standard Iro-
portions for Machine Screws, from seven-sixteenths of an inch
downwards, has been chosen by the Council and consists of
Messrs. Wilfred Lewis, Chairman, George M. Bond, II. K.
Jones, John Riddell, George R. Stetson, and C. C. Tyler. The
Council has given favorable conSIdera,tlon to the proposition for
a Committee on Standard Specifications for Steel Forgings and
Steel Boiler Plate. This Committee was later appointed to con-
sist of Messrs. H. W. Spangler, Chairman, E. S. Cramp, Wm.
Kent, Geo. S. Morison, and Arthur M. Waitt.

The Council has acted on the request from a Committee on
Organization, who had been engaged in elaborating the details
for the award of a gold medal for conspicuous achievement in
science or industry, as a memorial of John Fritz, Honorary
Member of this Society and a Past President. The organization
provided that this award shall be made each year by a Commis-
sion or Board of Award, who shall also be Trustees of the medal
fund. This Board is to consist of sixteen members, four chosen
by each of the four national engineering societies now in exist-
ence, and with terms of office such that the term of office of one
member of each group shall expire at the end of each year.
Under the provisions of this organization, the Council of this
Society has appointed the following members of this Board:

S. T. WELLMAN, to serve for four years,
RoserT W. HUNT, to szrve for three years,
Joun E. SwEET, to serve for two years,
GAETANO LANZA, to serve for one year.

The Council has also directed the Secretary to proceed to carry
ont the details for the holding of monthly reunions, during the
coming winter, in New York City, for the discussion of papers
and topics of engineering interest.

By direction of the Finance Committee, the accounts as pub
lished in the statements of the Finance Committee and the So-
ciety’s accountant, have been scrutinized by a chartered public
accountant, and the firm of Sargent, Page & Taylor, who have
performed this duty, and have certified to the correctness of the
statement as printed in the report of the Council. After the
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reading of the Report of the Council, the Report of the Tellers,
appointed to scrutinize the ballots for members, cast in advance
of the meeting, was presented as follows:

Adams, Edward M.
Backlin, Axel F.

Bayley, W. D. Emmet, Wm. L. R. Moore, Allen H.
Bernard, James L. English, Wm. T. Morford, Thos. H.
Boland, Fred’k A. Ferguson, H. A. Pennington, Jas. H.
Brett, Henry E. Fitch, C. E. Platt, Wilber O.
Brown, J. Grove Flint, Walter Robb, Aubrey, G.
Brown, Jno. J. Gates, P. W. Roe, Joseph W.
Brown, Jno. L. Gazzam, Jos. P. Sherman, M. H.
Bryant, Frank J. Gifford, R. L. Sponsel, C. W.
Carew, C. J. Hills, Burton U. Stevens, Jno. A.
Comstock, L. C. Hunt, Chas. B. Stott, H. G.
Cotton, Geo. G. Hurd, Chas. H. Thurston, Geo. H.
Dalton, Wm. Jackson, W. W, West, Arthur
Davenport, E. W. Keyes, Frede. H. Witte, Herman F.
Dawes, H. N. Iemon, Jno. C. Wood, Wm. H.

Lepper, Jno. G.

ProMoTION TO FULL MEMBERSHIP.

Bailey, Chas. L. Morgan, R. L. Shallenberger, L. R.
Davis, Robert G. Rice, Arthur L. Torrance, Henry, Jr.

Sangster, Wm.

Barbour, Geo. H.

Chalmers, W. J. Hill, Alfred J. Sachers, R. J.
Emerson, R. W. Humphreys, Walter Williamson, L. A.
Hurlburt, A.
PROMOTION TO ASSOCIATE MEMBERSHIP.
Boyer, Edwin S. Powell, E. H.
As JuNIORs.
Ahmnke, H. P. Higgins, Jno. W. Pendleton, Frank E.
Bain, Benj. F. Huning, Arno E. Perry, Frank B.
Baldwin, J. E. Ireland, M. G. Richardson, H. 8,
Beall, F. F. Isham, Henry S. Ruckes, Jos. J., Jr.
Brissel, Frank M. Kerr, Eugene W. Swanberg, I. L.
Brigley, E. B. Latta, M. Nisbet Taylor, I'. W., Jr.
Eberhardt, H. J. Lewman, Everett A. Van Horne, J. R.
Eicks, Carl F. Lindquist, .. W. Wales, R. A.
Fennell, Benj. C. Lodetti, ¥. E. Williamson, A.
Gordon, Rea M. MacKenzie, D. Young, Chas. D.
Hale, Fred’k J. Major, Chas. C. Young, Jno. M.

As MEMBERS.

DeLamater, O. R.
Doughty, A. J.

As ASSOCIATES.

Gaehr, David

McGregor, Jno. A.
McNairy, A. B.

Kellemen, H. F.
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REPORT OF TELLERS.

The undersigned were appointed a Committee of the Council
to act as Tellers, under Article 11 of the Rules, to scrutinize and
count the ballots cast for and against candidates proposed for
memberhip in their several grades in the American Society of
Mechanical Engineers, and seeking election before the XLVIth
meeting, New York, 1902.

They have met upon the designated day, in the office of the
Society, and have proceeded to the discharge of their duty.
They would certify for formal insertion in the records of the
Society, to the election of the following persons, whose names
appear on the appended list, in their several grades.

There are 49 members elected, 10 associates and 33 juniors,
making a total increase of 92 names.

There were 482 blue ballots cast, of which 3 were thrown out
"because of informalities. The tellers have considered a ballot as
informal which was not endorsed.

Crarres II. Corserr,
D. 8. Jacoscs, } Tellers of Election.
A. M. Warrr.

This report was received and ordered on file.

The Chair then called for the Committee on Rules and Meth-
ods, appointed at the Boston Meeting. This report was pre-
sented by Mr. Charles Wallace Iunt, its Chairman.

Mr. Hunt.—Your Committee has had the subject referred to,
under consideration since the general meeting in Boston, and
have made a preliminary draft of Constitution and By-Laws,
which they still have under consideration. They present, there-
fore, the following as a preliminary report.

REPORT OF THE COMMITTEE ON RULES AND METHODS, A.8.M.E.

The Committee on ‘‘ Rules and Methods >’ begs leave to report
that immediately after its appointment at the Boston Meeting of
the Society, a meeting of the Committee was held, and circular
letters were sent out to the members, asking for such suggestions
as would assist the Committee in the work of revising the Rules
and Methods of the Society. The summer vacation season pre-
vented other meetings being held until the seventh of October.
At this meeting there were twenty-six communications and sug-



NEW YORK MEETING. 43

gestions relating to the work of the Committee, in reply to the
circular letter sent out in June. As some of the correspondents
wished to appear before the Committee in person, a special meet-
ing of the Committee was held, and several members appeared
and prescnted oral explanations of the changes in the Rules,
which they had suggested.

The meetings of the Committee which have been held since
have been employed in rearranging the order of the present
Rules of the Society, and formulating clauses or sections to em-
body such additions, changes or rules as immediately commended
themselves to the Committee.

A very thorough examination of our present Rules has been
made. These, with such self-evident verbal or other changes,
have been typewritten in a convenient form for further consid-
eration, but there are important points which have been left far
more careful consideration by the Committee, as it was thought
best to devote whatever time was then available to the consider-
ation of the general phraseology and arrangement of the Con-
stitution; and when this had been approximately completed, to
then take up a discussion of those important matters which we
now wish to bring before this meeting.

The Committee desires to ascertain the wishes of the member-
ship of the Society in relation to several subjects hereafter enu-
merated. Its object is to embody perfectly in the draft of the
Constitution the wishes of the majority of the members of the
Society, so far as they can be ascertained by correspondence, by
conference and the discussions at the present meeting which we
hope will be ‘especially helpful in reaching a conclusion on the
various points on which the Committee seeks light.

QuERrY No. 1.
Shall the dues paid by Juniors increase from year to year until they reach the
same amount as thoee of Associates or Members ? .
Query No. 2.

Shall the Society have Life Members? If so, shall the fee be increased? If the
fee be increased, shall it be the same for all ages, or shall there be a provision that
younger persons pay a larger amount than the older ones?

QuEery No. 3.

How many adverse votes shall defeat the clection of a candidate for member-
¢hip in the Society * If a second ballot be taken, how many adverse votes shall
then defeat an election ?
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Query No. 4.
Shall the Treasurer be a member of the Council of the Society ?

Query No. 5.

Shall the Past Presidents continue to be members of the Council? If they
remain in the Council, shall all or only a limited number remain?

QuEery No. 6.
How many members should constitute a quorum at the Annual Meetings of the
Society ? .
Query No. 7.

Shall the Constitution of the Society prohibit the endorsement of commercial
or other schemes or standards?

Query No. 8.

. Shall the Constitution of the Society give power to the Council to permit the
organization of sections or groups of members of the Society for professional
meetings—these groups to be either geographical or professional as the circum-
stances require ?

A complete review of all matters under discussion, relating to
the Rules and Methods of the Society, requires such extended
consideration that it has been impossible for the Committee to
make a final report within the time specified in the resolution
authorizing its appointment. It can now report progress, and
ask to be continued until the next meeting of the Society, when
they will have their work completed, and present a complete
draft of a Constitution, By-Laws and Rules.

C. W. Hoxr,
JEsseE M. Smitx,
December 3, 1902. D. 8. Jacosus,
Commcttee on ¢ Rules and Methods,”” AS.M.E.

In comment on the work which the Committee has in hand,
I would refer to the proposed plan whereby the present Rules
under which the Society has been conducted since 1894, have
been divided into three groups. The first will be called the
Constitution, and will contain those parts which are fundamental
and when once adopted shall be difficult to change. The process
of change shall be after due deliberation and discussion by means
of a letter ballot. The execution of these fundamental principles
embodied in the Constitution will be put in a separate division,
which will be designated By-Laws. These can be changed more
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easily than a Constitution, and it is suggested that the Council,
after due notice and discussion on the subject, shall have authority
to revise them. In addition to the Constitution and By-Laws a
third division shall consist of Rules, which can be changed by
the Council at any meeting.

If there is any part of the present draft which members would
like to hear, I shall be glad to read it.

The Committee hopes that the meeting will continue it that it
may correct its draft in the light of discussion which is now to
take place, so that it may report a final draft at the spring meet-
ing of the Society for the consideration of members.

On motion it was ordered that the report be received and the
Committee continued.

Mr. George L. Fowler.—I would like to ask whether the Com-
mittee has itself prepared answers to the questions which it has
embodied in its preliminary report.

Mr. ITunt.—No, sir. It has not answered them. They have
been discussed and on some of the subjects a draft has been
formulated, but we are open to change the draft in the light of
any discussion which may occur here. If any member has any
suggestion to make the Committee will be very glad to hear it,
as we appear here as learners, and not as teachers.

Mr. George L. Fowler.—I would like to ask what position the
Committee have taken in regard to the question of the adoption
by the Society of standards.

Mr. ITunt.—The practice of the Society, which results from
a long and earnest discussion (in 1886, I think), was that the
Society will not, as an organized body, adopt any standards, or
rules of any kind. That is now, and has been since that discus-
sion, the unwritten law of the Society. When a Committee
makes a report on a subject which in commercial organizations
would be approved or adopted as a standard, that report is re-
ceived by the meeting at which it is presented and is ordered,
printed as part of the 7ransactions, to have such weight and
authority as the Committee carries, by reason of the arguments
and opinions which they have presented. The draft of your
Committee embodies this unwritten law in the Constitution.

Col. E. D. Meier.—I trust that the Committee will arrange
to have the full draft of its report printed and distributed to the
members at least three months before the convention in the

spring.
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Mr. Gus C. Henning.—It may be desirable to give the Com-
mittee a little longer time for the preparation of their final re-
port, so that I would move as an amendment that the Committee
be requested to report not later than two months before the date
upon which this report is to be presented to the membership and
distributed to all members.

On motion this resolution was carried.

The Report of the Committee was then declared open for any
further discussion which members might desire to offer upon the
topics which it covers.

Mr. Jesse M. Smith presented the following:

Mr. Jesse M. Smith.—I wish to present as an individual some
considerations in regard to the dues of Juniors. I have made
an investigation for the Committee on Rules and Methods, of
the Junior membership of the Society, which I think will be of
interest to this meeting. In the Catalogue of January, 1902,
there are the names of 531 Juniors. One-third of these, or 177,
have been in the Society for 7 years, or longer, varying from
7 years to 20.5, or an average of 10.13 years. This Society has
the distinction of having some gray-headed Juniors. Two-thirds
of the Juniors, or 354, have now been in the Society less than
7 years, averaging from 1 to 7 years, and the average is 3.08
years. It has been suggested that the annual dues of the Juniors
should be gradually increased until they become equal to those of
Members or Associates, which are now $15.00. It has been pro-
posed to have the Juniors pay $10.00 a year for the first 2 years,
and $1.00 additional each year for 5 years. So that after 7
vears they would be on the same paying basis as other members.
Upon this basis the 177 Juniors who have been in the Society
7 years or longer should now pay an additional fee of $5.00
per year, or $885 annually. Upon the same basis the 354 Juniors
who have been in the Society, on an average of 3.08 years,
should pay an average of $1.08 additional, or $382; or a total
for these two classes of 1,267 per year of increased income of
the Society at this time. This sum would increase gradually to
$2,655 per year, when all of the 531 Juniors have been in the
Society 7 years. The number of Juniors is constantly increas-
ing, and, including those elected at this meeting, reaches 560
members. I have great faith in the Junior membership of this
Society, and I believe when the Juniors realize the situation
they will come forward as young American citizens do, and put
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themselves on the same basis as other members who have been

- supporting the Society for many years. It seems entirely un-
reasonable that any man could remain a Junior member for 20.5
years, and it seems rather unreasonable that one should remain
a Junior member for 10 years.

Now, in order to bring this question before the Society, and
that we may have the question discussed, I have proposed this
resolution in general terms, so that a full discussion may be had,
and we may get some more definite idea of what is needed:

Resolved, That it is the sense of this meeting that the annual dues of Junior
members should be gradually increased untnl they become equal to those of
Members or Associate members.

A Member.—1 second that resolution.

The Chairman.—Gentlemen, you have heard the remarks and
resolution presented by Mr. Smith, and duly seconded. Thisis -
intended to get an expression of opinion for the guidance of the
Committee on Rules and Methods in their future work. Are
there any remarks upon this resolution ?

Mr. James M. Dodge.—Would it not be well to incorporate
into that resolution, that when the dues of a Junior reach those
of a member, that shall constitute his membership in the Society,
without further action of the Council: What I mean is, that
that fact alone shall constitute a Junior a member or an associate
member. As it is now, they have to be presented again and
voted upon. T think it would be well to engraft in that resolu-
tion this fact. I see Mr. Smith shaking his head. Perhaps he
doesn’t agree with me. How is that, Mr. Smith?

Mr. Smith.—No, sir.

Mr. Dodge.—Well, I think it would be well when the dues of
any Junior member are equal to those of a Member or an Asso-
ciate, that that alone should constitute his membership in the
Society, without further action on the part of the Society.

Mr. Gus C. Henning.—It has been the custom of the Society
to regard the Junior membership as a period of probation and
that Junior members passing the age limit of thirty years should
be nominated for full membership, provided they were eligible
to such promotion from the character of their professional work.
If the rate of the annual dues is made progressvie it will cause
the Secretary’s office and the accountant a great deal of trouble.
As it is now, before a member is accepted by promotion, he
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makes his application and the Society votes whether he is eligible
or not. I do not see why, because a man pays a higher rate of
due that by this fact alone his membership or his standing in the
Society should be raised. It is not a payment of dues which
covers the grade of membership but his character and reputation.
In my opinion, the membership should always pass upon the
qualifications of a man when he seeks full membership.

What I would suggest would be that the Council should notify
all Juniors when they have reached the age of thirty, that they
are then expected to assume full membership in the Society, and
if they do not do so that they no longer remain Juniors, or in
any relation to the Society.

In view of this opinion I would propose the following amend-
ment:

Resolved, that it is the sense of the meeting that, hereafter, the date at which a
man becomes eligible for full membership should be so fixed that, upon the arrival
of a Junior member at that age, he should be notified by the Council concerning
the proper steps to be taken in order to assume full membership; the names of

such persons shall then be presented as candidates for full membership and shall
be voted on in the same way as the names of any new candidates.

A Member.—It seems to me that as the matter stands now it
is not very complicated. If a Junior member wishes to continue
his membership and pay the increased dues, that is his business.
If he is eligible to advancement we are glad to advance him, and
the rate of his dues is a mere matter of bookkeeping. Our ac-
countant is certainly able to keep track of the dates at which
members join the Society, and the question of charging him with
an increased rate of dues becomes a simple matter of record with-
out correspondence or other embarrassment.

Mr. lenry R. Towne.—I understand that the motion aims
merely to get an expression of an opinion from this meeting.
Now, I am thoroughly in favor of Mr. Smith’s motion, but I
see this difficulty. I think it should include a provison where-
by, when the maximum rate of dues is reached, a Junior mem-
ber thereupon, <pso facto, would become an Associate member,
unless at that time he makes applicaton to be admitted to full
membership, in which case his name should be submitted to bal-
lot. In other words, that he becomes an Associate member at
the time his dues reach the full rate, unless he then makes appli-
cation to become a full member and is accepted as such,

A Member.—1 second that amendment.
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The Chairman.—An amendment to this resolution has been
made by Mr. Towne, and seconded. Are you ready for the
question upon that ? ‘

Mr. Smith.—I would like to remark that I do not accept the
amendment, and I would like to have the meeting vote upon my
original motion. My reason for this is that a Junior member
may not be eligible even to Associate membership. The quali-
fication for Associate membership is higher than for Junior,
and that for Member is still higher. Now, the Junior may not,
in the years that he has been in the Society, have advanced suf-
ficiently so that his qualifications will even be those of Associate
member. It seems to me that if his dues are increased, it will
behoove him to make application for membership in a higher
grade, either Associate or full Member, and that his applica-
tion should be made in the regular way, the same as any other
candidate.

Mr. George S. Morison.—It seems to me that it is worth while
in this connection to consider this proposed scheme. I consider
that the present Junior members of any society have certain
vested rights which the Society cannot fairly take away from
them; although it may be able to do it legally by an amendment
to the Constitution, it would hardly be fair. On the other hand,
it must be remembered that Juniors are usually elected into any .
society with very much less careful scrutiny than is given to full
members or even Associate members. So that to pass, simply on
the basis of timne, into a higher grade is passing members with-
out very much examination., If we were going to adopt any
such plan it seems to me that the proper way would be to elect
them full Members at once and provide for a gradual increase of
the dues. DBut the practice in several other societies, on hoth
sides of the Atlantic, is to recognize the Junior member as prac-
tically a student on probation. He takes his turn for a term of
vears. If he becomes an engineer qualified for membership at
the end of that term, his name may be considered for advance-
ment like that of anyone else. If he does not, that is the end of
it. It seems to me, therefore, that the proper way is to provide
that any Junior, when he becomes 31 years old, if that is the
age, shall. /pso_fucto,-cease to be a Junior, or to be in any way
connected with the Society; but that this regulation shall only
apply to Juniors elected after the adoption of the revised Consti-
tution and By-Laws.

4



650 PROCEEDINGS OF THE

A Member.—In the Institution of Civil Engineers of Great
Britain they have a body of members who are designated as
‘““Stadents.”” When such a student reaches the age of 26 years
he ceases to be connected with the Institution at all, unless
before the time he is rejected his name is sent in to the council
for election to the associate grade, and then he is balloted for as
a candidate for that grade.

It seems to me that the proposition made by the Committee
to increase the dues of Juniors by successive additions is burden-
some. I prefer the suggestion of Mr. Morison, that when they
reach the age of 31 years they shall drop from the Society, if
they are not eligible for Associate membership. I think most
Junior members would be glad to be forced into the position
whereby they would -have to apply for full Membership when
they reach the age of 31 years.

A Member.—There is one point which should not be forgotten.
The Members and Associates have votes in the management, and
the Juniors do not. Therefore, if a Junior is promoted regularly
into the upper grade by passing an age limit, we pass him up
into the voting grade without a scrutiny. It is quite possible,
therefore, that the actual membership of the Society, voted in
the usual way, may be entirely over-weighted by the number of
~ members who have not really passed the rigor of being voted for
as Members. This should be taken into account in our action.

Mr. C. R. Gdbriel.—I would like to ask what disposition
Mr. Smith would propose to make of the clause in Article 18,
in regard to the extra initiation fee of $10.00 to be exacted from
the Junior member in passing to the Senior grade. If I under-
stand the object of this increase of dues, it is to add to the
finances of our Society, and if the initiation fee is not exacted
I do not see that there would be very much gained. Now, the
addition to the dues of §1.00 each year would amount to §15.00
in five years; that would make only an increase of §5.00, if
the member is passed from the Junior to the Senior grade with-
out the additional initiation fee. That feature has not heen
mentioned. I would like to inquire what disposition you wish
to make of that?

Mr. Smith.—As T understand it, the initiation fee only comes
up when the Junior is passed to a higher grade. If this Junior,
who has been in the Society for several years and whose dues
have increased to £15.00, wishes to remain a Junior, why, he
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does not have to pay the $10.00 initiation fee, but, if he wishes
to be a full Member and if he is deemed worthy of that honor
by the Society, then he has to pay the additional initiation fee
of $10.00, which gives him all the privileges of any other Mem-
ber or of any Associate member.

Mr. Gabriel.—Then the result is that he still remains a Junior
member after paying the same dues ?

Mr. Smith.—The object is to have all the Junior members
pass as soon as possible into the higher grade, if they are desira-
ble, as Members or Associates. If they desire to remain as
Juniors and pay the regular dues of Associates or Members,
why, that is the Junior’s own affair, it seems to me; unless the
Society sees fit to drop the Juniors when they come up to the
point where they should become either Members or Associate
members.

It seems to me that the whole drift of the report I have made
isto the point that the Juniors shall gradually assume the re-
sponsibility of full Membership as they attain the proper age in
the Society ; that a man who has been 7 years in the Society,
should at the end of that time assume the responsibility of full
Membership in the Society.

Mr. F. II. Stilman.—If 1 understand the ob]ect of presenting
these motions, they aim to find out the feeling of the Society on
this question. It seems to me, however, that instead of motions,
we have a series of suggestions no one of which is completely
covered by any one of the motions before us. Iwould move that
these motions be referred to the committee with instructions
that they include in their report such of them as they deem
wise.

Mr. Witléam Kent.—1 second this last motion.

Mr. Thomas R. Almond.—Supposing that the man who has
made application for Junior membership should be already 30
vears of age when he applies. 'What will you do with such a
man when he has been a Junior for 7 years?

The Chairman.—The answer would be that under the policy
which has beén under discussion such a man would not be eligible
to Junior membership in the first place.

. E. D. Meier.—Will the Committee read the section of the
By-Laws referring to the qualific atmns and rights of an Asso-
ciate member.

Mr. C. W. Hunt.—1 quote from Article 6 of the present Rules:
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““To be eligible as an Associate, the candidate must be not less than twenty-six
years of age and must have the other qualifications of a member; or he shall have
been so connected with engineering as to be competent to take charge of work
and co-operate with engineers.”

The Chairman.—The motion is on the question that the reso-
lution presented by Mr. Smith and the amendments which have
been made to it, together with this discussion upon them, should
be referred to the Committee with instructions that they include
in their report their recommendations.

On motion this resolution was carried.

Mr. Gus C. Henning.—The Committee has called the attention
of the Society to the great number of Juniors who should already
have been promoted to full Membership. I now move that the
Council be instructed to send letters to all Juniors who shall
have arrived at the age of 31 years, requesting them to apply
for full Membership in the Society, beginning with this meeting. .

Mr. William C. Brown.—I would like to ask what the alter-
native would be.

Mr. Henning.—This is a request only, but it would seem to
me that when the question is properly presented to the Junior
membership, who are eligible, a great many will take advantage
of it to become full Members.

Mr. William Kent.—I would suggest as an amendment that
the Council append to such a notice that section of our Rules
which directs the procedure whereby Junior members shall
become full Members of the Society.

A Member.—It would seem to me more sensible to defer action
of this sort until the whole question of our By-Laws has been
presented by our Committee and discussed by the whole Mem-
bership. A Junior member would have a perfect right to say
that he did not want to take the action which the Council has
been requested to urge on him, and he might even consider it a
matter of impertinence on the part of the Council to make such
a request. T feel that it is due to the Committee on Rules that
we should leave this matter to them, at all events until they
have expressed, as a Committee, their opinion concerning an
arrangement of this sort. The mere reference of such a resolu-
tion as has been presented for action by the Council does not
help the Committee out. We will be adding to their burdens
rather than tryving to lessen them.

It would seem to me to be courtesy and kindness to our Com-
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mittee to take a vote on the question of the treatment of the
Junior membership in order that the Committee may be guided
by such an expression of sentiment. If the majority are not in
favor of doing anything, such action would be a way of saying
so. It seems to me we ought to let the Committee know whether
we are in sympathy with their ideas or not, and leave the details
to them to work out. :

Mr. Gus C. Henning.—My resolution was intended to be a
matter entirely distinct from the general questions of policy
which we have already, by motion, referred to the Committee.
My idea was to present a resolution which should secure $15.00
a year dues from those Juniors who have been Juniors so long
that they ought to have been in the Society as Members, and
that thev should be compelled to make that payment for this
vear. The work of our Committee will provide a policy for the
foture when their report is received, but my resolution was
intended to be entirely independent of that discussion which we
have practically closed by referring the subject of future policy
to our Committee.

Mr. Smith.—I arise to a pomt of order. Mr. Henning has
said that this is an entirely separate resolution. Therefore, my
point of order is, that it has no bearing upon the resolution that
I offered. There are certain amendments which have been
offered by Mr. Towne, and I think by one or two others, to my
resolution. ~ I request the Chair to put the question upon those
amendments, and, if they are carried, then to add them to my
original resolution and put the question upon that. I think my
resolution is entitled to conmsideration by the Society, and I
request that the Chair put the question upon it.

The Chairman.—1 would say that the meeting has voted to
refer your resolution to the Committee, having discussed it. 1
do not see that without a vote to reconsider that action it Would
be proper to put it before the Society again.

Mr. Kenneth Torrance.—It seems to me that we have not done
justice to this Committee in referring the matter back to the
Committee as we have. We have had presented two different
schemes. One by Mr. Smith, and another, which may be con-
silered, by Mr. Morison, and we have referred those unacted
upon back to the Committee. I think there is no doubt that
most persons here have an opinion as to which of those two
methods is the better one, and I think it would be most fair to
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the Committee that we should express ourselves about them.
Therefore, I would like to move that the action in referring this
matter back to the Committee be reconsidered.

The Chairman.—The Chair would inquire if the gentleman
voted in favor of the reference to the Committee ?

Mr. Torrance.—I did.

The Chairman.—Then you are entitled to move for a re-
consideration.

On motion the question concerning the reconsideration of the
reference was put and carried. The Chair thereupon announced
that the original motion was before the meeting with the amend-
ment by Mr. Smith, as follows:

Resolved, that it is the sense of this meeting that the annual dues of Junior
members shall be increased annually until they equal $15.00.

The amendment by Mr. Towne is: That after the increase of
the Junior members’ dues has become equal in amount to the
present dues of full membership, that they shall then either
become Associate members or shall apply for election to full
membership.

Mr. George S. Morison.—1 would like to have the meeting con-
sider my amendment that Juniors elected after the amendments
to this Constitution shall cease to have any connection with the
Society upon reaching the age of 30 years.

Mr. Kent.—If T understand Mr. Morison’s amendment that
a Junior, when he becomes 30 years of age, shall cease to be a
member of the Society—unless at that time he applies either for
Associate or full membership—and also pays the extra $10.00
initiation fee required on such promotion, I would state my con-
currence in that idea, because I have opposed Mr. Smith’s orig-
inal motion and Mr. Towne’s amendment. I do not believe in
the gradual increase of dues, dollar by dollar, nor do I believe
in having the Juniors become Associates by automatic process.
There have been cases where a man has applied for membership
and where he has been rejected by the Council, and where he
would have been severely black-balled by the voting member-
ship if the Council had passed him, and yet, five years earlier
that man would have had no difficulty in being passed to Junior
membership; matters had developed during the interval which
made him a person whom the Society did not care to have en-
rolled as a Member.
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With the consent of the movers and seconders, Messrs. Mori-
son and Towne withdrew their amendments, and the question
came up on the original proposition of Mr. Jesse M. Smith, that
the annual dues of Junior members shall be increased gradually
until they become equal to the present dues of Members. The
question being put, the motion was lost.

Mr. Morison then presented his original amendment as a new
resolution, that Juniors should cease to be members hereafter
unless, on reaching the age of 30 years, they should apply for
Associate or full membership.

The Chair put this motion and it was carried.

Mr. Jesse M. Smith.—I must rise to ask for information.
What becomes under this recommendation and opinion of the
Society, of the 560 Junior members now connected with it under
the present Rules? May they remain Juniors, paying $10.00 a
vear, indefinitely ? 'We cannot turn them out under that policy
outlined by Mr. Morison, because they have vested rights in the
Society.

Mr. Henning.—It was in view of that fact that I offered my
original resolution. These Juniors now in the Society under
that resolution must abide by the result of their application to
be promoted to a higher grade. If these Juniors are acted on
favorably they will become Members on reaching the age limit.
If they are not elected they are black-balled candidates, and
would cease to be members of the Society.

Mr. Henning’s motion was duly seconded and was put by
the Chair :

Resolved, That Junior members on reaching the age of 31 years shall apply
for Associate or full membership in the usual manner, and shall abide by the
vote of the Society- on their application.

A Member.—It seems to me that this Society has no right to
tell a man what he shall do. Every Member desires that every
eligible candidate shall desire to come to us with an application
for membership, but we have no right to tell him that he must
come or serve a penalty.

Mr. James M. Dodge.—Our Rules state that the age limit for
the Associate grade is 26 years. It seems to me that a Junior
shoukl apply for Associate membership when he is 26, and not
wait until he is 30 years old, which has been set as the age for
full membership.
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Mr. George L. Fowler.—1 would like to ask what the Junior
members are going to do who are now over 31 years of age, if
this meeting declares that a man now a Junior who has passed
a certain age limit shall pay $£15.00 Junior dues. I think a man
in this Society 31 years of age, and unable to pay $15.00, has
something wrong about him. If he has to pay $15.00 the
chances are that he will apply for higher grades of membership
with their rights and privileges. If you make a Junior member
who is 31 years old and over pay $15.00 dues, in my opinion
the thing will straighten itself out without action by the meeting.

A Member.—It seems to me that we are not quite fair to the
Juniors in this discussion; there are a great many of them who
-are good working members who will hasten to come up and
become full Members of the Society if the dues which they pay
are raised, and they appreciate the Society’s need of their in-
creased payment. I think this discussion will go very far
towards reducing the difficulty. Many men who have over-
looked the matter of the return which the Society is making to
them for their dues, will hasten to become Associates and full
Members.

The Chair then put the question on Mr. Hemung s resolution
that Junior members, on reaching the age of 31 years, shall
apply for full membership in the usual manner, and shall abide
by the vote of the Society on their application.

The motion was lost.

The next business before .the meeting was an action upon the
amendments to Article 45 of the Rules concerning the procedure
to be followed in making amendments to the Rules as they now
stand. The question came up upon the report of the Committee
on Rules and Methods, which had considered and reported favor-
ably upon an amendment, in the following form:

To replace Article 45 is as follows:

“These rules may be amended by a ballot at any annual meeting, by the assent
of two-thirds (%) of the members voting, in person, by prozy, or by letter ballot,
provided that written notice of the proposcd amendments shall have been given
at the preceding regular meeting, and that a blank ballot accompanied by the
mover’s reasons for the change if he so desires, and a comment on the same by the
Council if it so elects, shall have been mailed to each member entitled to vote no
later than the time of mailing the ballot for officers of the Society. The ballots
shall be voted and the result canvassed in the manner prescribed in Articles 33 and
34. The tellers shall immediately certify the result to the annual meeting, when

if the certificate shows that two-thirds of the votes cast are in fa\ or of the amend-
ment, it shall immediately take effect.”
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Mr. Ilenry R. Towne.—I wish to offer a resolution that the
vote upon all proposed amendments to the Rules shall be by bal-
lot. My motive for making this motion is that the proposed
amendment, when sent to all the voting membership, was
accompanied by a form of proxy so that all members might ex-
press their opinion even if unable to attend the convention at
which the vote is to be taken. The Committee have received 96
such proxies, and my motion would be that in order to enable
these votes to be taken and counted, the vote upon the amend-
ment shall be taken by ballot.

Mr. Kent raised the point of order that the amendment pre-
sented by the Committee could not be considered at this meet-
ing, because it had not been presented in the form recommended
by the Committee, as required by the provisions of the Constitu-
tion, at a previous meeting. The only amendnents which, in his
opinion, could properly be taken up to cover a procedure for an
amendment to the Rules, were amendments presented by Mr.
C. W. Baker at the New York Meeting of a year ago, and
amended in Boston by a slight change in phraseology so as to
read as follows:

At any regular meeting of the Society any member may propose in writing an
amendment to these rules, a copy of such amendment having been filed with the
Council at least ten days before the opening of said meeting. Such amendment
shall be taken up by the Society at a following session of the same meeting, and
shall be subject to discussion and amendment and to final acceptance or rejection
by a majority vote of the members present and voting. If it is finally accepted,
it shall be submitted to a letter ballot of the entire voting membership of the
Society; such ballots to be sent out at the same time as the n~xt succeeding
ballot for the election of members. A majority of the ballots cast shall adopt or
reject the amendment.

Mr. C. W. Hunt.—Our By-Laws state that action shall be
taken on an amendment to the Rules by a two-thirds vote of the
members present. The law under which the Society acts states
that every membership association can vote by proxy. The
courts have decided that phrase, ‘‘of *he members present,”
means either present in person or by proxy. There are about
1) proxies here. They have an absolute right to vote, and we
have no right to take any move which will practically disfran-
chise them. It seems to me that this vote can be taken by rais-
ing of hands, and then the proxies can be added to the viva voce
vote. If we must takea ballot on all amendments and the original
proposition, it will mean a loss of much time and a great delay.
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Mr. Towne.—1 will withdraw my motion and second the ad-
mirable proposition of Mr. Ilunt that the vote of those present
shall be taken by show of hands or +/re¢ rore, and that then the

Jommittee who have received these proxies shall have the oppor-
tunity to cast their vote of 96 proxies, or whatever the number
may be, before the Chair announces the result.

Mr. C. W. Baker.—I should not think of pressing my amend-
ment in competition with the amendments offered by the Com-
mittee on Revision of the Rules, except that it seems to me the
Committee has overlooked some points which are important in
drafting its amendments. I would like to have the two amend-
ments placed before the meeting on equal footing, so that the
members can take their choice between mine and that presented
by the Committee.

Mr. Towne.—This subjoct is one which has been before us all
during the last year, and as I have been serving until lately on
the Committee on Rules, it is ane that I have had occasion to
consider very carefully. My views concerning it have changed
in the last two days as the result of discovering a defect in both
of the pending amendments, which I think has been overlooked,
and which, when it is explained to the mmembers, will cause them,
I think, to favor some other method of reaching the result which
those two amendinents aim to accomplish. The existing Rule 45,
which is the only provision in our present Constitution for its
amendment, does not say that the proposed amendment, but
notice of the amendment shall have been given at the previous
meeting. Now, I believe that this language, fairly construed,
npens the door to this meeting for action upon any proposed
amendment, so long as it is fairly germane to the scope and pur-
pose of the original notice. Mr. Baker’s motion is before us, as
L understand, in the form in which he originally presented it
with his Boston revision. No question can arise, therefore, as
to a vote being competent to this mecting on that motion. Mr.
Miller’s motion, also introduced at the DBoston meeting, is also
before us in its original form, and can be voted upon in that
form; and this also is bevond question. Mr. Miller's motion,
amended by a transposition of its words but not changed in its
substance, has been reported by the Committee on Rules, with its
endorsement, and I believe that this is equally before this meeting.

But I want to call the attention of the members to a defect
which it seems to me exists in all three of these motions. We
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have pending before us a proposition to supersede our present
Rules. They are not well arranged, and the Committee pro-
posed to bring in, a year from now, a new Constitation, supple-
mented by DBy-Laws and probably supplemented by a set of Rules
on minor matters. Inview of the fact that the fundamental law
is to be changed in this way, T beg to suggest that we should do
as little tinkering with the present Rules as possible, as the new
Constitution and new. Rules will probably be in operation in one
more year. It is merely important that action should be taken
now which will provide a careful and deliberative method of
passing upon the proposed new Constitution—the most impor-
tant legislative matter that the Society has ever had before it.

The proposed amendments by Mr. Miller and by the Commit-
tee provide:

These Rules may be amended by ballot at any annual meeting by the assent of
two-thirds of the members voting, in person, or by proxy, or by letter ballot, pro-
vided that written notice of the propsoed amendent shall have been given at the
preceding regular meeting, and that a blank ballot accompanied by the mover’s
reasons for the change, if he so desires, and a comment on the same by the Counecil,
if it so elects, shall have been mailed to each member entitled to vote no later than
the time of mailing the ballot for officers of the Society.

Gentlemen, you see that under this Rule any and every mem-
ber of the Society can vote upon any proposed amendment to the
Rules, and that it is mandatory that every amendment so pre-
sented shall be printed and issued, accompanied by a ballot, to
the entire membership. At the Spring meeting the Committee
expects to report a new Constitution and By-Laws. That will
be the time to discuss that Constitution, but every difference of
opinion that arises in the course of that debate may, under this
proposed Rule, be made the subject of letter ballot, because this
proposed Rule confers upon any member the right to demand a~
letter ballot upon an amendment, stated in his own terms, and
the entire membership must pass upon it before it can be dis-
posed of.

Why, gentlemen, we will have a flood of such amendments
which will swamp the entire project and tie us up for a year or
two!

Now, to overcome this difficulty, and to retain all the other
objects sought in the motions of Mr. Baker and Mr. Miller, and
in the modification by the Committee on Rules, I submit this
resolution:
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ArTICLE 45. An amendment to these Rules may be proposed, or a notice
thereof be given (and we want at this meeting to take such action or to give such
notice as, under this resolution, will make it competent for us to act a year from
now, and to act definitely, on the adoption of our new Constitution, and yet to
provide ample time and opportunity for discussion, and also to provide that, when
it is put before the membership for final vote in the form in which it has been
passed by the Spring meeting, it shall come as a concrete question on which the
voteshall be simply ¢‘ yes” or “no’’) at any annual meeting, by any two members or
associates in good standing, and when so presented in writing shall be read to the
meeting and may be discussed thereat. A copy of any amendment so introduced
shall then be distributed to the memebership, not less than two months before the
next ordinary meeting. At the next regular ordinary meeting of this Society such
amendment shall be brought up for discussion, and may be modified or amended
by a majority vote of the members present, in person or by proxy, at such meet-
ing. After such meeting a copy of the amendment so presented, in the form
finally approved or adopted by such meeting, shall be mailed to the membership,
as before, accompanied by a ballot by which each member entitled to vote may
vote for or against such amendment.

Now, gentlemen, in brief, that Rule means this: That to adopt
an amendment to our Constitution or Rules a year hence, a
notice of the intention to do so must be given at this meeting,
and that some time, not less than two months, prior to our Spring
meeting, that amendment, in concrete form, must be put in type
and distributed to the whole of the membership, accompanied
by a proxy whereby members unable to attend the meeting may
delegate the power to vote for them to some other member; that
at the Spring meeting the amendment so introduced shall come
up for discussion; that the Spring meeting will have absolute
control over it; and that that meeting, by the membership there
represented in person or by proxy, shall cast the proposed amend-
ment into its final form; whereupon, and at the proper time
before the annual meeting, the amendment as thus perfected and
adopted by the Spring meeting, accompanied by a ballot, shall go
to the entire membership for a simple “ Yes”’ or ‘‘ No’’ vote.

The method is simple and clear; it provides that one year shall
be taken for any proposed alteration of our fundamental law,
and I submit that less than one year is not an adequate time
within which to make changes in our law.

Mr. Kent.—I am very glad indeed that Mr. Towne has stated
so clearly the argument against the amendment which his Com-
mittee propose. I think that he himself, holding these proxies,
would now vote them all against that amendment of the Com-
mittee. In regard to this new amendment that he proposes, I
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sce some defects in it, and I think that for the temporary pur-
pose of enabling us to vote on the new Constitution when it
comes up, there is no serious objection to Mr. Baker’s amend-
ment. I think it is the best form that has been proposed. All
that Mr. Towne can do now is to propose his amendment at
this meeting, and let it be voted on a year hence. But Mr.
Baker’s amendment is now before us for final passage, and, if
passed, it will enable us to change the Constitution as we please
by its amendment.

The Chairman.—The Chair would call the attention of the
members to the fact, which is a matter of record in our Zrans-
actions, that Mr. Baker proposed an amendment to Article 45 of
the By-Laws at the annual meeting, and again at the Boston
meeting he brought the same amendment before the Society
with some verbal changes. Mr. F. J. Miller, at the same Boston
meeting, also offered an amendment to that same section of the
Rules. The Chair would rule concerning this action, brought
before the Society under the provisions of the present Section 45,
that since it is not stated in the By-Laws that it is necessary to
give the full text or wording of a proposition to amend, but
merely a notice that an amendment is to be offered for consider-
ation at the annual meeting, there are three propositions before
the meeting. A motion to adopt any one of these will place the
matter properly before the Society for discussion. These propo-
sitions are Mr. Baker’s amendment, Mr. Miller’'s amendment,
and the amendment proposed by the Committee on Rules, to
which Mr. Towne has made an amendment.

Mr. Kent.—Then I move the consideration and adoption of
Mr. Charles Whiting Baker’s amendment.

This motion being duly seconded, the matter was before the
meeting.

Mr. Baker.—Mr. Towne has stated that he finds the amend-
ment which the Committee proposed to be seriously defective.
Now, it was exactly that defect in the Committee’s amendment
which led me to ask that my amendment should be brought
before this meeting, because the defect which he points out does
not exist in the amendment I offer. Mr. Smith suggests that
the ten days’ notice to the Council required by my amendment
will delay action on the general amendment of the Rules now
pending. That is not so. The action can be taken at any reg-
nlar meeting, and not at the annual meeting only. The distin-
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guishing feature of the amendment which I have offered as com-
pared with either Mr. Towne’s amendment or the Commnittee’s
amendment, is that before anything can be sent out by letter
ballot, or before the Society can be put to expense for printing
anything, it must pass the gauntlet of the Society in convention
assembled. That is the point we must be careful about. Other-
wise it is within the power of any member to bring in an amend-
ment of unlimited length, and put the Society to the expense of
printing it and sending it out to the membership. That is ex-
actly what I want to avoid.

To show how my amendment will operate I will illustrate by
taking the pending general amendments to the Society’s Rules.
It has been proposed that these amendments shall be sent out to
the members at least two months before the Spring meeting.
Now, there is nothing in my amendment to prevent that. My
amendment simply provides that the proposed amendments shall
be presented to the Council at least ten days before a regular
meeting. If the amendments are put in print, of course that
notice will be given. Then these amendments will all come up
before the Society at the Saratoga meeting, and it can be dis-
cussed there and amended, and the members can put them in
any form they think best, and can then either reject them or
accept them, and order their submission to the whole member-
ship by letter ballot. The chief point of my amendment is that
until a pending amendment is approved by the Society in con-
vention assembled, it cannot be sent out to letter ballot. This,
it s2oms to me, is the reason why mine will prove a better work-
ing plan for the Society than either of the other amendments
which have been offered.

Mr. Towne.—If the meeting will bear with me I would like to
explain the process which 1 have sought to frame into a rule. It
covers these very important facts:

(1) A full yvear in which to act upon an amendment to the
fundamental law. (2) That an amendment, when proposed,
must be put in type and distributed to the whole membership at
least two months before the meeting, and thus give to those un-
able to come to the meecting an opportunity of instructing their
proxies understandingly. (3) Any amendment so introduced at
the Spring meeting shall be open to discussion at that meeting,
and shall be put into final form at that meeting. In other
words, it shall receive the stamp of approval of so much of the
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Society as is represented personally or by proxy at that meeting,
and then be boiled down to a concrete form, and that when so
reduced to definite form, the amendment shall go out for ballot
vote by the entire membership on the simple question of ** yes”’
or “‘no.”

Now, the more you think over what we are trying to do, the
more you will find that these steps are each of them essential to
the best result in a matter of such fundamental importance, and
that the amendment which I have offered for your consideration
culls out the good points in all the others which have preceded
it. The orderly way, as it seems to me, of acting in this matter,
should be to put these several amendments in the order of their
presentation; and, if I am correct that the good points of all of
them are embodied in the last, vote each one of them down as it
comes up, with the intention of then adopting the final one. If
that is adopted, it is so worded as to make it feasible at this
meeting to give such notice that, at the December meeting, we
can act upon the proposed new Constitution.

Mr. Kent.—The object of these amendments is to enable us to
amend the Constitution. We should amend the Constitution, if
we do it at all, in a perfectly legal way. Some one may raise
the point that if we pass Mr. Towne’s amendment instead of
that which Mr. Baker has presented it would not be legal,
because it had not been presented in due form at a previous
meeting. Aside from that, Mr. Towne’s amendment is presented
at this meeting for the first time, and comes to us as something
new. I would suggest that he make his amendment a notice of
intention to amend the Rules a year hence. That would narrow
the present consideration down to Mr. Baker’s amendment, to
which it seems no reasonable objection has been made.

The Chairman.—The Chair would rule that any substitute or
amendment to the original amendment which has been proposed,
would be in order if germane to the amendment of which notice
was duly given. As the matter now stands before the meeting
the question is upon Mr. Baker’s amendment, of which be gave
notice at New York and Boston.

A decision being called for as the result of the viva voce vote,
s> members rose in favor and 38 in opposition to it. The (‘om-
mittee held 94 proxies in favor of the Baker amendment, which
it decided to favor, making the total vote in favor of the adoption
of Mr. Baker’s amendment 152; 38 negative votes added to
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2 proxies cast against the amendment, made 40 negative votes
in all. The Chairman thereupon announced that Mr. Baker’s
amendment had been carried by a vote of 152 to 40.

Recess was then taken until half-past two, and luncheon was
served in a room adjoining the meeting place.

ExtrA SkssioN. WEDNESDAY AFTERNoON, DECEMBER 2D.

The meeting was called to order at 2.30 p. m. by the reading
of the Report of Tellers of Election, as follows:

REPORT OF TELLERS.

The Committee of Tellers appointed to count the ballots cast
by the members for officers of the American Society of Mechan-
ical Engineers for the years 1902-1903, begs to submit the fol-
lowing report :

Totalballotscast .............. ... ..o, 549
Ballots thrownoutunsigned ............................... 4
Ballots thrown out signed with rubberstamps................. 0
Otherinformalballots. ... .......... .. ... .. ... ... ... .. 4
Totalinformalballots. ... ... ... .. ... .. ... ... .......... 4
Total ballots counted by tellers................ e, 545

Of the regular ballot counted by the tellers they would report
the following result :

For PRESIDENT,

JamesM.Dodge...................el ettt e, 541
Scattering.. ... .cocoiveiiiiiiiiiniiiii i iiiieiiiniiiee.. 4

For ViICE-PRESIDENTS,

F. H. Danicls, Worcester, Mass. ... ...........................548
Jas. Christie, Philadelphia, Pa.............................. 547
John R. Freeman, Providence, R.I...........................524

For MANAGERS,

R.C.McKinney, NewYork, N.Y... . ... ... .. ... ...... 541
S.8. Webber, Trenton, N.JJ... . ... ... oo 541
Newell Sanders, Chattanooga, Tenn..........................514

For TREASURER,

F.H. Stillman, New York, N. Y. ....... .. ... ..ot 151
Wm. H. Wiley, New York, N. Y. .......cooiieiiiaia et .. 264

NOChOICE. c v vttt it ittt en it ceaaanaanas 130
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Our count shows, therefore, the election of Mr. Dodge for
President; Messrs. Daniels, Christie, Freeman for Vice-Presi-
dents; Messrs. McKinney, Webber, Sanders for Managers; Mr.
Wiley for Treasurer.

Respectfully submitted,
P. M. CuAMBERLAIN,
WiLLian T. BonxEr.

The Chair asked whether Mr. James M. Dodge, President-
elect, was in the room, and on Mr. Dodge rising in his place, he
asked him if he would accept the office of President to which he
had been elected. On Mr. Dodge expressing his acceptance,
Messrs. C. W. Hunt and Worcester R. Warner, a special Com-
mittee appointed for this purpose, escorted the President-elect
to the platform, and Vice-President Waitt from the Chair intro-
duced Mr. Dodge to the meeting and expressed the hope that
the cordial co-operation and consideration which had been ac-
corded his long line of predecessors might be continued to him.
Mr. Dodge in reply assured the Society of his purpose to per-
form the duties of his office to the best of his ability and with
an eye single to the welfare of the Society.

Mr. Gus C. Hennmg presented before the meeting a pamphlet
embodying a series of resolutions incorporating proposed amend-
ments to the By-Laws, and moved that they be referred to the
Committee on Rules and Methods, as follows:

Mr. Gus C. Henning.—A year ago I presented these amend-
ments which I have in my hand, with a veiw to having them
considered and discussed. In view of the fact that we have had
a considerable -discussion on these questions and that we now
have a Committee which is instructed to look into these matters
carefully, and in time to act definitely on them a year hence, I
would like, instead of taking any more time of the Soceity, to
present the following resolution:

Resolved, That all proposed amendments to the Rules which have been formally
presented during the past year for consideration by the Society, and which have
not heretofore been acted on, be now referred to the Committee on Rules and
Methods for consideration in connection with the other subjects for the consider-
ation of which the Committee was appointed, and that the membership of the
Committee be increased to five members.

This motion being duly seconded, was carried.
The Chair announced at a subsequent meeting the appoint-
]
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ment of Messrs. R. H. Soule and George M. Basford as suc
additional members. '

The next order of business was the consideration of the Report
of the Committee on Standard Methods for the Conduct of Steam
Engine Trials. The report was presented by title by Professor
D. S. Jacobus, Secretary of the Committee, and was followed
by printed discussions. Mr. Kent, after contributing his sug-
gestions to the Committee, presented a motion that the report
be received, printed in the 7ransactions, and that the Committee
be discharged with the thanks of the Society.

On motion this resolution was adopted.

Professional papers were then taken up. The first in order
was the paper of Mr. Frederick A. Halsey on the Metric Sys-
tem. This paper had been distributed quite widely outside of the
Society among those interested, as well as to the membership, and
among those to whom this invitation had been extended to par-
ticipate in the discussion were Dr. S. W. Stratton, Director of
the Bureau of Standards at Washington, D. C., and the Hon.
J. H. Southard, Chairman of the Committee on Coinage, Weights
and Measures of the House of Representatives. The other par-
ticipants in debate, in writing or verbally, were Messrs. C. R.
Gabriel, G. S. Morison, H. H. Suplee, W. 8. Rogers, C. V.
Kerr, O. C. Woolson, Percy Sanguinetti, E. P. Bates, Spencer
Miller, James M. Dodge, Wm. Kent, H. R. Towne, H. D. Sharpe,
Fred A. Geier, G. C. Henning, F. J. Miller, Samuel Webber,
W. W. Crosby, James Christie, and C. J. H. Woodbury. At
the close of the discussion on this paper, as the hour was already
late, the meeting adjourned until the following morning.

Foerrtn SesstoN. THURsDAY, DEOEMBER 4TH.

The meeting was called to order at 10.15 by Vice-President
Waitt in the Chair. The first order of business was the presen-
tation of a Report from the Committee of the Society appointed
in 1896 to prepare and have in readiness material in opposition
to the compulsory adoption of the Metric System. The report
was as follows:

To THE AMERICAN SocC1ETY OF MECHANICAL ENGINEERS.

Your Committee on the Metric System beg to report the following statement
and resolutions, and recommend their adoption by the Society.
The common sense of mankind has taught them that in all systems of meas-
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urement convenience of forming mental conceptions, convenience of expression,
whether verbal or written, convenience of computation and convenience of
memory, all require that intervals, distances and dimensions shall be expressed in
terms of the largest suitable unit, supplemented by smaller units when necessary.

The circle is divided into degrees, minutes and seconds. Time is expressed in
years, months, days, hours, minutes and seconds.

By English-speaking peoples, geographical measurement is expressed in miles,
and binary divisions of the mile.

Land measurement is expressed in rods, yards, feet and inches.

In cloth measurement and in civil engineering works our unit is the yard, with
its binary divisions . v

In monetary divisions, the English employ three units—pounds, shillings and
pence.

We have two units—the dollar and the cent.

In all these systems of measurement, the principle observed is to employ the
largest unit until it becomes necessary to resort to the smaller ones.

In conformity with this principle, we, in common with all English-speaking
people, employ for mechanical measurements two units, the foot and the inch, and
divisions of the latter by continual bisection. We employ also decimal divisions
of the inch when necessary, but not otherwise, finding the binary divisions more
convenient for general use.

It will be observed that in all these systems these units, and also their binary
divisions, have distinctive names,.and so are presented to the mind as concrete
realities.

In defiance of the principle above stated, the metric system requires the -
designer and constructor of machinery to employ a single unit, and that the
smallest possible, the millimetre, nearly .04 of an inch, and to express all dimen-
sions in terms of this unit and to employ the decimal system only.

A comparison of the English and French systems of linear measurement shows
as follows:

The French system consists of a single arbitrary unit, the metre and decimal
division and multiple of this unit. To this single unit and this single system of
division the Metric System is limited.

The English system consists of five units in common use, which are adapted to
to different dimensions and distances, from the smallest to the largest; and two
systems of division, the decimal system and the binary system.

The decimal system meets all requirements that any decimal system could do,
and we are free to employ it wherever we choose. We might apply it to the
division of any of our five units, if we saw occasion to do so. Mechanical engi-
neers find it useful principally in the smaller divisions of the inch. Civil engineers
employ it in divisions of the foot.

The binary system is found so much the more convenient, that it is employed
exclusively to express divisions of miles, rods and yards. The foot we divide into
inches. We then return to binary divisions of the inch and employ this system
for all ordinary' uses, resorting, as already observed, to decimal divisions only
when we are obliged to. The two systems work together in perfect harmony.

We find that in linear measurement the proper field of the decimal system is for
the expression of small dimensions, or those larger ones that could not be ex-
pressed otherwise; for general use it is out of place.

The reason for this universal preference of the binary system lies in this valuable
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feature. Its smaller divisions are aliquot parts of all larger divisions of the unit,
and conversely, the latter are all multiples of the former. It is thus seen to be
the natural system of division—continual bisection.

In addition to this, founded upon the interesting relation between the two
engineering units, the foot and the inch, we have a remarkable system of scales,
the valuable general feature of which is an interrelation similar to that between
binary divisions of the unit above noted.

It will be observed that the English system imposes no restriction. We have
entire freedom of choice and use the decimal or the binary divisions as we see fit.

These great advantages, palpable to everyone, in the judgment of your com-
mittee render it certain that before the close of this century the English system
of linear measurement will come into universal use; when the Metric System, so
far as measurements are concerned will have disappeared, as its supposed scien-
tific foundation has done already.

In view of the above facts, your committee offera the following resolutions:

First—Resolved, that the Mechanical Engineers of this country are the only
parties competent to decide intelligently upon a system of measurement most
suitable for their own use.

Second— Resolved, as for the bill now before Congress, providing that the Metric
System shall be the legal system of weights and measures in the United States,
and making its use obligatory in the government departments, that, so far as it
affects mechanical measurements, conceived in ignorance, it is simply absurd.

The meeting seemed unprepared to take action upon the reso-
lutions presented in the report, so that on motion the resolutions
proposed by the Committee were laid upon the table by a rising
vote, 36 in favor of the motion to lay it upon the table and 22
against it. The Chair declared the motion to lay the report
upon the table carried.

It was then moved that the Council be requested to consider
the appointment of a committee such as suggested by Mr. James
Christie in his paper read at the previous session, upon the gen-
cral question of the preparation of the arguments for and against
the adoption of the Metric System. It was Mr. Christie’s sug-
gestion that such a commission should consist of a dozen mem-
bars, of whom three should be chosen from the American Society
of Mechanical Engineers, three from the American Society of
Civil Engineers, three from the Association for the Advancement
of Science, and three from the New York Chamber of Commerce.

It was suggested that additional members of the commission
should be chosen from the American Institute of Electrical En-
gineers, the Franklin Institute, and the American Institute of
Mining Engineers. 1t was on motion left entirely to the Council
as to the choice of the constitution of this Committee. It was sug-
gested that in view of the fact that this Society was more con-
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cerned with the matter of measurements and changes in the units
of measurement than all other societies put together, that it
would be a mistake to bring in representatives of other bodies.
The motion, as amended by Mr. Miller, was that the Council be
requested and instructed to consider the question of appointment
of a committee, as suggested by Mr. Christie in his paper, and if,
in its opinion, this would be desirable, to confer with other kin-
dred societies in the matter to bring about the appointment of
a joint committee. A rising vote being called for, those in favor
of the resolution were counted 34, and those opposed 29.

The Chair annonnced the motion carried.

In this connection the following resolution was presented and
duly seconded:

Whereas, the technical press, in 1902, published statements implying that the
American Society of Mechanical Engineers had taken action withdrawing its op-
position to the adoption of the Metric System as the standard of weights and
measures for the United States and

Whereas, there is no foundation in fact for such statements,

Therefore, Resolved, that the society hereby records the fact that at no time

has it taken any action reversing its original attitude of opposition to the adoption
of the Metric System or susceptible of such interpretation.

In the debate the following explanations were asked and
offered :

Mr. James P. Tolman.—May I ask a little further explana-
tion? We have been told that this Society never gave its assent
to any standard, and was not to be considered or quoted as favor-
ing a standard in any way. I would like to know what the
action of the Society may have been, which jt is said herein
has never been rescinded ?

The Secretary.—It will, perhaps, be remembered by the older
members of the Society that at its first meeting in the spring of
1350, Mr. Coleman Sellers of Philadelphia presented a paper
urging the arguments against the Metric System.” Following
that paper a letter ballot of the Society was ordered in the sum-
mer of 1880 on the general question—the Secretary does not
remember the wording—that in the sense of this Society it is
inexpedient to urge the compulsory adoption of the Metric Sys-
tem, and that was carried by the vote of the Society. That was
directed to the particular object to which reference has been
made, and the Society did put itself on record 22 years ago that
it was against the compulsory adoption of the Metric System.
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At the conclusion of this explanation and further statements
by Messrs. Henning and Halsey concerning the policy of the
Society, the resolution was passed.

The meeting then passed to the reading and discussion of pro-
fessional papers, as follows:

It was on motion resolved that until the convention should
catch up with the time table outlined in its docket, the papers
should be read by title, so as to give full time and opportunity
for their discussion.

Prof. Sidney A. Reeve, on ‘‘ Entropy Analysis of the Otto
Cycle”’; *“ Apparatus for Obtaining a Continuous Record of the
Position of an Engine Governor,” by Mr. Jos. C. Riley; “Fly
Wheel Capacity for Engine-Driven Alternators,”” by W. I.
Slichter; “ Heat Resistance the Reciprocal of Heat Conductiv-
ity,” by Mr. Wm. Kent; “ A Forty-four-foot Pit Lathe,” by
Mr. J. M. Barnay; ‘‘ Finer Screw Threads,”’ by Mr. Charles T.
Porter; ‘“ A Surveying Instrument in the Machine Shop,’”’ by
Mr, C. C. Tyler; “ Gift Propositions for Paying Workmen,”’
by Mr. Frank Richards; ‘‘ Deflections of Beams by Graphics,”
by Mr. W. Trinks, and ‘‘Topical Discussion on Smoke Con-
sumption.”

'The participants in debate on these various subjects were
Messrs. Suplee, C. V. Kerr, H. E. Longwell, Fred J. Miller,
Henshaw, Pomeroy, Henning, Christie, Oberlin Smith, Geo. L.
Fowler, E. 8. Boyer, Sanguinetti, W. 8. Rogers, H. L. Gantt,
McGill, Alden, E. D. Meier, Sangster, Ennis, Norris, A.
Bement, and E. P. Bates.

CoxcLupiNG SessioN. Fripay MornNiNGg, DECEMBER 5STH.

The final session was called to order by Past-President Charles
Wallace Hunt, at 10.15, with a view to securing all time possible
for the reading and discussion of papers, although the formal
session had been set for half-past ten. The session was convened

.in the auditorium of the Society House. Vice-President Waitt
took the Chair promptly at the hour set for opening.

The first paper was by Mr. J. T. Wilkin, on *‘ Rotary Pumps,”’
which was discussed by Messrs. Tompkins, Lane, Suplee, Kings-
bury, Henning, McBride, and Winship. The paper by Mr.
H. M. Lane on a ‘‘ Filing System for Office Use”” was discussed
by Messrs. Fowler, Crosby, W. E. Partridge, Suplee, Pomeroy
and Spangler. The paper by Mr. A. F. Nagle, entitled ‘“ Anal-
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vsis of the Commercial Value of a Water Power per Horse Power
per Annum ’’ was discussed by Messrs. Kent, Rockwood, Spang-
ler, Allen, and Lewis. The paper by Mr. Bartholomew Viola
on ‘“ Centrifugal Machines’’ was illustrated by models in actual
operation and questions were asked by Messrs. Kruesi and Kent,
and the concluding paper in the regular series was that of Prof.
Albert Kingsbury, on ‘“ An Oil Testing Machine and Some of
its Results,’’ which was discussed by Dr. R. H. Tharston, Pro-
fessor Kingsbury and Mr. Kent.

The Topical Discussions, which had not been reached at the
session on Wednesday morning, were then taken up and covered
atreatment of Elastic Resistance which is offered by bodies to
the displacement of particles, resulting in a change of volume,
which was discussed by Messrs. Henning, Hale, Suplee, Richards
and Kingsbury. . '

The subject of Oil Burners was discussed by Messrs. Arnold,
Williston, Kent, Wilkin, Hand, Suplee, Platt and Kingsbury;
Messrs. Lewis, Christie, Bates, LaForge, Kent and Rogers pre-
sented discussion on the subject of Separation of Oil from Steam.

On the subject of Oil Tempering of Steel, Messrs. E. R. Mark-
ham, Oberlin Smith, Rogers, Gabriel, and Williston took part.

By an oversight, matter which bad been contributed on the
Casting of Iron Around Wrought Iron or Steel Shafts was passed
by and deferred to a later meeting.

The Chairman then asked at the close of the professional busi-
ness whether there were any matters of executive or new business
which members would like to present before the motion to ad-
journ was in order. Mr. E. M. Hewlett, of Schenectady, expressed
the pleasure of the members resident in the neighborhood of
Saratoga that the Council had given favorable consideration to
the proposition to meet at Saratoga, and on behalf of the interest
he supplemented the invitations which had already been received.

The Secretary requested that authority might be given to him
toreturn to the Metropolitan Street Railway Company and to
the companies operating the big power stations which the mem-
bers had visited on Thursday, the proper votes of thanks in the
name of the Society. He also gave notice of the intention to
resume the practice of holding monthly reunions, probably on
the first Tuesday evening of the winter months, pursuant to
earlier announcement.

On motion, the Secretary was directed to return the thanks of
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the Society to those corporations and individuals whose guests
the Society had been during the continuance of this annual
meeting.

The Chairman.—Is there any further new business to come
before the meeting ?

Mr. Kent.—In a conversation with a few members on the
subject of the discussion that was had on the Metric System the
other day, it was agreed that it had been left in a very unsatis-
factory shape. I therefore have this motion to make:

Moved, that the Council is hereby requested to obtain, by

means of a letter ballot, the sentiment of the members of the

Society in regard to the bill now before Congress making the
Metric System of Weights and Measures the legal standard in
the United States.

Second, that such ballot shall contain a reprint of the proposed
law and two questions to be voted on, ‘“‘ yes’’ or ““no’’:

(1) Do you approve of the first paragraph of the proposed
Law?

(2) Do you approve of the second paragraph ?

It shall also request that the member voting shall express
briefly his princpal reasons for or against the Metric System in
a statement not exceeding fifty words in length.

In addition to the member’s signature to the ballot he shall
state his title, position or occupation, and state whether the sub-
stitution of the Metric for the English System would have any
effect on his business.

The Chairman.—The -Chair would have to state in connec-
tion with this motion that it would seem to be out of order
at this present time. At the larger session of the Society yester-
day morning the matter was brought up, but after having spent
a good part of the day on the discussion of the pros and cons,
the Committee on the Metric System suggested certain resolu-
tions expressing a definite statement of the sentiment of the
Society. It was voted by the membership at that time, by lay-
ing the resolution on the table, that they did not want to express
themselves definitely in regard to it at this meeting, and it would
seem it would not be proper to bring the question up at this
meeting when a majority of the members decided that they did
not want to take it up.

Mr. Kent.—1 think that was entirely a different question. It
has been decided for the last 15 or 20 years that this Society will
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not as a Society state that it has an opinion, but it is an entirely
different matter to request the members of the Society individ-
ually to express their opinions under their names. It has no
relation to the vote to lay on the table the question brought up
yesterday. :

Mr. C. W. Hunt.—I trust that this will not be acted upon at
this late hour and at the last session of the annual meeting.
This is a matter to affect a proposed law now before Congress.
If we enter into the field of influencing legislation in this case
a call can reasonably be made for similar action on any other
bill that may hereafter come before Congress. Influencing
legislation is, in my view, entirely foreign to the objects of this
Society, which should be a scientific body, a body to hear and
record papers and discussions and make investigations and re-
ports on engineering subjects. What may or may not be done
by Congress is a foreign matter. It may concern a commercial
society, but does not concern a scientific assoctation ; and I think
that we should, as a body, keep ourselves entirely free from com-
mercialism. Any of our members who wish to join together to
further or hinder the passage of the Law are free to do so, but
as 3 society we should keep entirely free from all trade-union
and commercial tendencies which may be quite proper in other
associations.

Mr. Kent.—I would say as to the policy of the Society, at the
very first session the Society ever had this was considered a
proper question to take up. Every scientific society in the
nation, I believe, has discussed the question. Engineering soci-
eties all over the country and all over the world have discussed
it, and if this Society says it will not discuss such a question we
will stand unique in the history of the world.

Mr. Ilunt.—I object to his calling it a scientific question. It
is not. There never was any science in it, and I have got gray-
headed reading and hearing this assertion.

The Chairman.—I have not heard the gentleman’s motion
seconded.

A Member.—I second it.

The Chairman.—It would seem rather a reflection on the
Committee who have made the report at this meeting if a
resolution of this kind is passed. They have been asked to take
the matter up, and their report has been received and ordered to
be printed, and the resolutions that were offered by them have
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been laid on the table, and if it should be placed in the hands of
the Council to go ahead, it would seem like a reflection that the
Committee had not been competent to carry out their work.
Although the motion has been made and seconded, and, if it is
desired, I will put the motion, yet I would call attention to the
fact that I hardly think the Society, or the member who made
the motion, would want to reflect on the Committee.

Mr. Fred J. Miller.—The Committee’s resolutions regarding
the proposed bill, if they had been passed, would have constituted
a radical departure from the position taken by this Society from
the start. The Society has always decided that it would not go
into such a question or take a position on either side. I would
have opposed a resolution endorsing the bill before Congress,
because I do not think the Society should place itself on record
one way or the other by such a resolution. I think when we
have had time to think it over we will all be glad that we tabled
those resolutions committing this Society to an entirely different
course from that which it has heretofore pursued regarding such
matters.

Mr. IHalsey.—Engineering and scientific societies all over the
country are voting upon this matter, and it seems a very strange
state of things if, because of an old tradition, the American
Society of Mechanical Engineers, which has more at stake than
any other three societies combined, is unable to learn the opinion
of its members. :

Mr. Hunt.—I think this is an entirely unsuitable time to call
up a question of this importance. It seems to me to be both
unjust and unsatisfactory, and it proceeds on the assumption that
the Society is justified in doing this sort of thing. In my opin-
ion it is a matter foreign to the Society and its purposes.

Mr. Henning.—I1 seconded the motion yesterday to lay the
report of the Society’s Committee on the Metric System on the
table, on the ground that the passage of such resolution would

"be absolately contrary to those principles on which the Society
has been conducted for over sixteen years. The whole matter
of the attitude of the Society towards the Metric Systemm has
been put, by resolution passed at that same meeting, into the
hands of the Council, in order that it may take competent and
proper action in conformity with the principles of this Society,
and, if possible, may gather an expression of opinion from all
engineers and not from one group of them. I think for these
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reasons we should not try at this time to force something through
the general meeting in a manner which savors of practical poli-
tics, when our Council has been directed to take definite action
along other lines. - We do not know what the true facts in the
ase are, and I am surprised at the last moment of a meeting
that an attempt to take the matter up in another form, with
different members present, after a resolution having somewhat
the same purport has been ordered to lie on the table.

Mr. Fred J. Miller.—I do not see that this is the same thing.
The resolution adopted yesterday providing for the appointment
of members of this Society to confer with members of the other
societies and then to express an opinion regarding the merits of
the law or regarding the merits of the Metric System, is an en-
tirely different thing from a proposal to obtain the opinions of
members of this Society as individuals regarding the law now
before Congress, or the Metric System, for that matter. The
two things are entirely different. I do not wish to be under-
stood as endorsing the enforced introduction of the Metric Sys-
tem simply becanse I do not want the Soceity to oppose this
proposed law. I think the two things should be kept entirely
distinct, but believe there is a sentiment among a good many
members of the Society to the effect that the mechanical engi-
neers of the country are almost infinitely more interested in
standards of length and of measurement than is any other body
of engineers. I believe that is trme. For that reason it would
be perhaps desirable that this Society should take action of its
own, independent of the other engineering societies, and for that
reason I can see no objection to an effort being made to call out
an expression of opinion by the members of this Society on this
question in the same way that has been done by the Franklin
Institute I believe, and by the Western Society of Engineers I
am certain, and for that reason I should not oppose this resolu-
tion if the Chair declares it in order, which I believe has not yet
been done.  But if such a resolution is adopted, I should propose
an amendment that, inasmuch as the paper of Mr. Ilalsey and
the discussion upon it will have to be put in type by the Society
at any rate, probably little additional expense would be incurred
if the paper and all the discussion complete were sent to each
member with the request that he carefully read it and then cast
his vote. T think that Mr. Christie’s paper, carefully read by
the members of this Society, ought to have considerable effect. -
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I am sorry it was not more generally heard; it was a good, sound
paper. It ought to be read before deciding that question. So
that if the resolution of Mr. Kent is in order and is to be voted
on, I propose an amendment to that effect. .

The Chairman.—I would state for the members that the
motion as it has been made would seem to be in order.

Mr. Kent.—I have no objection to accepting that amendment.
What I propose is, no expression whatever by the Society as a
society, but simply to use the clerical machinery of the Society
in order to collect together the opinions of the men with their
own signatures.

The Chairman.—W hat would be done with the discussion?

Mr. Kent.—The whole matter would come before the Publica-
tion Committee, to publish the resolutions in such form as they
think best.

The Chairman.—Might I ask Mr. Kent just what relation

this work would have as regards the work laid out for the
special committee appointed yesterday to take up the subject,
not only for this Society, but in a broader way ?
" Mr. Kent.—It would have no relation whatever. That other
committee could do the work assigned to it. This is merely a
collection of individual opinions of men to write over their signa-
tures what they think on the subject.

Mr. F. A. HHalsey.—The vote of yesterday was in accordance
with the same tradition that led to the action taken at the Boston
meeting last spring, and yesterday’s action will, I believe, be
misunderstood at Washington precisely as the Boston action was
misunderstood. I have no doubt that yesterday’s vote will be
understood at Washington to mean that the Metric advocates
have been able to prevent a vote being taken, and I believe that
what we have done up to the present time will assist the passage
of the measure.

Mr. Fred J. Miler.—This Society cannot avoid being mis-
understood. The action taken at Boston was misunderstood,
I think, but we always have our records. If anybody wants to
find out the action of the Society regarding anything of this
kind he can consult the records; but if he will not do that, we
cannot prevent his misunderstanding. Anybody is likely to be
misunderstood by persons who do not take pains to investigate.

At the close of the debate the Chair put the question on Mr.
Kent’s resolution, and in that form the motion was carried.
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The motion to adjourn being in order, Vice-President Waitt
expressed regret that business engagements had prevented the
presence, at the closing session of the convention, of President-
elect James M. Dodge, that he might turn over to him the gavel,
which is the emblem of authority. He expressed also his thanks
to the Society for their courtesy and co-operation in the work of
the Chairman, and on motion the convention adjourned.

The evening of Wednesday, which has usually been left open
for the convenience of members attending to personal business,
was devoted to the discussion of the Metric System. The after-
noon of Thursday was devoted to a visit to the power stations
of the Interurban Street Railway Company at Ninety-third
Street, the Manhattan Elevated Railway at Seventy-fourth
Street, and the waterside station of the New York Edison Com-
pany at Thirty-eighth Street. The Interurban Street. Railway
Company arranged that the Metropolitan Street Railway Com-
pany should furnish free transportation by ticket for these
visits. The opportunity to study and examine, under competent
guides, these late examples of large unit practice in power gen-
eration was much appreciated.

On the evening of Thursday the usual reception of the annual
meeting was held at Sherry’s, Forty-fourth Street and Fifth
Avenue. The members were received by Vice-President Waitt
and by President-elect James M. Dodge and Mrs. Dodge; 606
members and guests were present.

On the afternoon of Friday, by the courtesy of Mr. C. B.
Rearick, of the D’Olier Engineering Company, an excursion was
organized to the works of the De Laval Steam Turbine Company
at Trenton.
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- No. 953.*

APPARATUS FOR OBTAINING A CONTINUGUS REC-
ORD OF THE POSITION OF AN ENGINE GOV-
ERNOR AND THE SPEED OF THE ENGINE WHICH
IT IS GOVERNING.

BY JOSEPH C. RILEY, BOSTON, MASS.
(Non-Member.)

Frou the earliest days, when automatic devices were first used
to regulate the speed of steam engines, attempts have been made
to discuss mathematically the motions of the regulators or gov-
ernors. Watt’s original pendulum governor, turning steadily on
its vertical spindle with but little work to do, offered slight diffi-
culty; but the almost innumerable forms developed since then
have so complicated the task that equations dealing with all the
forces which influence a governor’s motion must usually contain
factors not only uncertain, but quite unknown. Terms must be
introduced to allow for that indefinite quantity, friction, as well
as external resistance and inertia of parts actuated by the gov-
ernor; and the result is a set of equations useful for little more
than a mathematical study until the unknown coefficients can be
determined by experiment.

Of the many excellent steam-engine governors in use, very few
were developed by mmathematical investigation. Nearly all are
the result of repeated trials and continual improvements of types
already existing. But although they are remarkably successful
in regulating both closely and quickly, it is none the less true that
their operation and proper adjustment are not generally under-
stood. This statement applies particularly to shaft governors
which revolve in a vertical plane, and which usually actuate one
or more valves; for such governors are not only influenced by
more forces than ordinary conical pendulum governors, but gener-
ally they run at high speced in a position which makes it difficult to
study them. A complete account of the behavior of such a gov-
ernor while actually regulating its engine has never yet been

* Presented at the New York meeting (December, 1902) of the American Society
of Mechanical Engineers, and forming part of Volume XXIV. of the Transactions,
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given. That it would be interesting, to say the least, has often
been admitted ; and yet the number of experiments which have
been made to find out what any governor actually does when gov-
erning is far less than the number of equations which have been
written to show what it would do if subjected to only those in-
fluences which can, without much difficulty, be discussed in figures.
To obtain information of the relations between speed and posi-
tion and the influence of friction in governors, a number of ex-
periments were made by W. G Hibbins, under the direction of
Prof. R. H. Smith, at Mason College, Birmingham, England.
Nine different governors were used; six of them of the ordinary
throttling type, revolving on vertical spindles, and controlling
throttle valves ranging from 1} to 3% inches in diameter. For
testing, each was mounted on a special stand with its valve, and
could be driven at any desired speed by means of a belt. A
pencil, clamped to the governor sleeve, marked on a rotating
drum and recorded continuously the height of the sleeve. From
mean ordinates of the diagrams obtained for each different speed
of an increasing and a decreasing series, a speed-position plot was
made, and the difference in position for any given speed, when
rising and again when falling, was clearly shown. Tests were
made on two shaft governors arranged to rotate between lathe
centres, while observations were taken of the position of the con-
trol point and the speed of rotation. Ome of them, a Turner-
Hartnell governor, carried an eccentric, the position of which
when running was determined by moving a pointer, carried on the
lathe slide-rest, until it was just touched by the eccentric as it
revolved. After first obtaining the position for each speed with-
out the eccentric-strap, the strap was then put on, and an attempt
made to approximate the valve resistance under working condi-
tions by means of a spring attached to the eccentric-strap and a
wire gnide to keep the strap from turning. This method of load-
ing the governor is so far from a correct representation of the
actual conditions when running, that it is difficult to see how the
results can be of practical value. In the other shaft governer
tested by Mr. Hibbins, the centrifugal force of two weights on
right-angled bell-crank levers moved a sleeve lengthwise along
the shaft and operated a throttle valve. The sleeve position was
read by direct observation against a scale.
Experiments similar to this last have been made by students
at the Massachusetts Institute of Technology, on a Buckeye, No.
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2, shaft governor mounted especially for experimental work, and
driven by a belt and cone-pulleys. To the eccentric controlled
by this governor, a circular disc was fastened, so that it turned
about the shaft as the governor weights changed their position.
The relative motion of this disc was transmitted through two steel
tapes to a block sliding in a slot in line with the shaft. This de-
vice could be used both as an index of the governor’s position and
as a means of weighing the “ force-power ” exerted by the gov-
ernor when the speed was increased and the weights restrained
from moving outward.

It will be noted that in these experiments the governors were
tested on special pivots, not in place on their engines. If a gov-
ernor is to be tested for “ geometric sensitiveness”’ influenced
only by internal friction, then it is advisable to disconnect from
the engine and drive it from some external source. In such a
case, provided that positions are to be observed only when rumn-
ning at constant speed, a simple form of measuring or recording
apparatus can be arranged for almost any governor. If, how-
ever, the effect of valve resistance, external friction, and sudden
change in load are to be investigated, if the time necessary for
regulation under working conditions is to be measured for com-
parison with values obtained by mathematical caleulations, then
it is necessary to test the governor in its place on the engine.
The results of such a test show what the governor is doing when
actually at its work as a regulator, and are, it is claimed, of
greater value to a designer than any tests where artificial means
are used to imitate working conditons. When tests are conducted
in this manner, simple apparatus for recording or even for meas-
uring governor position can seldom be applied. Shaft governors
are usually placed inside the rim of the fly-wheel, often close
beside a bearing, a protected position rendering unnecessary any
other guard around the revolving weights, but a position which,
when the engine is in motion, makes the governor about as in-
accessible for experimental purposes as can readily be imagined.
Any mechanical device to connect one of the governor’s moving
parts with an index traveling over a fixed scale in a position
more favorable for observation would be difficult to arrange;
and even though it were very lightly made, it would impede free
action of the governor gear by the cffect of centrifugal force and
inertia of its parts. Accordingly, in the following experiments,
it will be noticed that although the motion of the governor was
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to be investigated, the governor itself was evidently considered
quite inaccesible, and measurements were taken of the motion
of the valve-rod, a part controlled by the governor, yet in a much
more accessible position.

In 1593, Mr. Walter Ferris made some tests on the governor
of a New York Safety automatic engine at Lehigh University.
This governor was of the shaft type, and moved an eccentric in-
ward and forward as the speed increased. A pencil, held in a
clamp on the valve-rod, was arranged to mark on a sheet of paper
moved by clockwork in a direction at right angles to the rod. A
zigzag line was thus drawn from which the length of valve travel
during any particular revolution of the engine could be measured.
Much more elaborate apparatus for recording variation in valve
travel has been used by students at the University of Illinois.
The paper on which the record was taken was in the form of a
long ribbon drawn between rolls across the line of motion of a
recording pencil clamped to a pantograph, which enlarged the
motion of the valve-rod. Records were taken from an Ideal en-
gine, 10 x 10 inches, at about 310 revolutions per minute. By
opening or closing the circuit of a generator driven by this en-
gine, the load could be instantly varied from 6 to 50 horse-power.
This was certainly a severe test of the governor’s good quality;
but the diagrams showed that somewhere in the vicinity of 4
revolutions were all that were necessary before the governor had
done its work and settled down in its new position, decreasing the
valve travel from 2} to 1} inches. Reeords were also taken to
show the hunting action of the governor when adjusted to ap-
proximate isochronism. An improvement in the apparatus was
afterwards made by adding a second pencil fastened to the a' ma-
ture of an electro-magnet, and arranged to make marks at in-
tervals of one second. Good records were obtained with this
apparatus, but the information they gave was very incomplete
They showed merely that at the moment when the eccentric
passed one of its dead-points, its distance from the centre of the
shaft was a certain amount. What this distance was at any other
time could not be told. A varying distance between points across
the zigzag line indicated nothing, except that during a certain
time (not necessarily one-half a revolution, on account of varia-
tion in angular advance of the eccentric),the eccentric had changed
its position. The exact time of the change was unknown. To
be sure, the time required for one-half a revolution at 310 revo-

(]
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lutions per minute is not very long; but it will be shown later
that even in so brief an interval the governor of a much larger
engine than this can perform motions both interesting and im-
portant. ’

Professor Jacobus once obtained records of the distance be-
tween eccentric and shaft of a 50-horse-power Ball and Wood en-
gine. He attached a pencil directly to the eccentric, and made it
draw a spiral diagram, the locus of the centre of the eccentric
as it revolved about the shaft at varying radius. Though no
record of time was produced, approximate time intervals in terms
of one revolution could easily be obtained from angles measured
at the centre of the diagram. This device served to compare the
action of the governor when running with and without a dashpot
to dampen its osecillations. However, the records which could be
taken were necessarily of brief duration, limited, in fact, to four
or five revolutions; in a longer time, the line drawn would cross
and recross itself and become indistinguishable. A device of this
sort would not be generally applicable for experimental work.
It could hardly be used at all, unless the eccentric were in an
exceptionally accessible position, near the end of the shaft, and
probably outside the fly-wheel. -

None of these devices can furnish data sufficiently precise or
complete to adapt the theoretical equations to practical use in de-
signing. A device satisfactory for experimental use should show
the position of the governor and the time required for any given
change in position, or, what is more interesting in the study of
inertia governors, the rate of change in velocity during that change
in position. It should show not only the distance from centre of
eccentric to centre of 'shaft, but also the relative angular position
of the eccentric with respect to the crank and of the crank with
respect to the line of dead-points. It should be applicable, in one
form or another, to any engine, yet of such a nature that it will
not impede free motion of the gear or alter it in any way. Since
changes in governor position take place so quickly, the apparatus
should produce a permanent record of both position and time;
and the time intervals should be marked in such a way that they
may be made as short as desired.

The apparatus now to be described fulfils, in a measure, nearly
all these requirements. It produces on a strip of paper, in parallel
lines, so that they may be compared, an almost continuous record
of the position of any part of the governor; a record of time in-
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tervals of any duration even to a small fraction of a second; a
record of the angular position of the crank, as many times in one
revolution as may be desired; and an automatic record of change
in load on the engine, or any other event. The records are made
by electrolytic decomposition of a chemical salt absorbed by the
paper which is drawn under a series of recording styles while it

. is still damp. The solution used in this work was yellow prussiate
of potash and ammonium nitrate in water. The passage of even
a very weak current of the briefest imaginable duration, from the
recording style (a piece of steel wire) through the paper, produces
a clearly defined mark of Prussian blue. Chemical action takes
place only while the current is passing, so that if the electrical
circuit through any ome of the styles is continually made and
broken, the record produced is a series of sort dashes separated
by spaces whose length depends upon the speed of the paper.
Time intervals are recorded by momentary closure of the cir-
cuit through one style by a seconds pendulum swinging through
a globule of mercury; briefer intervals, by rapidly interrupting
the current through another style by means of an electrically
driven tuning-fork. Provided the time intervals are short enough,
uniform motion of the paper is not essential.

The apparatus can best be described and the method of record-
ing governor position made clear by explaining it as used in connec-
tion with an engine from which records are to be shown.

The engine is a McIntosh and Seymour tandem compound, 11
and 19 by 15 inches, in the Engineering Laboratory of the Mas-
sachusetts Institute of Technology. The governor, shown in Figs.
1and 2 has two weights, pivoted at B, which by swinging outward,
away from the shaft, cause the “ pendulum,” shown by heavy lines
in Fig. 2, to swing upward about its pivot, C. A curved slot in the
pendulum surrounds the shaft. Fastened to the pendulum is an
eccentric which actuates a piston valve for the high-pressure cyl-
inder. Outward motion of the governor weights causes inward
motion of the pendulum, so called because it carries the eccentric
inward toward the shaft. Pivot C is so placed with reference
to the crank that inward motion of the pendulum, in response to
increased speed, increases the angular advance of the eccentric
besides decreasing its throw. The angular motion of the pendulum
between extreme positions is 7.3 degrees. A horseshoe-shaped

spring acts through two adjustable rods to force the governor
weights inward.
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The “ position-point,” Fig. 3, was fastened to the pendulum at
4, Fig. 2, so that it swung about C, in an arc of 23.41 inches
radius. Its extreme end is just visible in Fig. 1. Its angular dis-
tance from its initial position is to be shown by the record.

Fig. 4 shows Position-block No. 1, the first one used. It con-
sisted of 26 thin strips of brass and two thicker ones insulated by

Fia. 8.

strips of hard rubber; bolted firmly together and finished smoothly
on top. This block, on its wooden support, was securely fastened

Fie. 4.

to the fly-wheel in such a place that the position-point traversed
its face with very slight friction. The strips were numbered
from 4 to 31, 4 being nearest the outer position of the position-
point,and 31,0ne of the two wide strips, being at the extreme inner
position. The greatest possible motion of the position-point was
about § inch more than the width over all the strips. A wire was
soldered to each strip, and the cable formed from these was led
along an arm of the fly-wheel to a device at the end of the shaft,
which, for want of a better name, will be called the “commutator.”
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This had 30 brass rings insulated by rubber washers of slightly
larger diameter and numbered from 1 to 30, beginning next the
wheel. To the inside of ring 4 was fastened the wire from strip 4,
and so on to 30. The wire from strip 31, not having a ring of its
own, was connected to ring 4. From ring 3, a wire led back along
the cable to a point where it was spliced to a light, flexible cord
leading to the position-point. A current to the commutator at
ring 3 would pass in along this wire, through. the position-point, to

Fie. b. N

whatever strip the point might be touching, and back to the cor-
responding ring on the commutator, from which it was taken off by
the brush seen in Figs. 5 and 6 and sent to its proper style over the
recording roll. Ring 2 was not used. The current to ring 1 went
to the contact points on the counter disc at one end of the com-
mutator and was taken off by a special brush, seen in Fig. 6, and
sent to the counter style.

There were ten of these contact points, equally spaced. One of
them, somewhat longer than the rest, made contact with the brush
just as the engine passed its head-end dead-point.

The paper, having been soaked in its solution and then partially
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dried, was wound on a wooden roll at the left of the roll-frame,
Fig. 6; from here it passed up between a steel roll and the record-
ing styles, and thende through a pair of feed rolls driven by a
motor. Current for the motor came through the lower plug and
cord; current for all the records through the upper plug and cord,
the negative wire returning from the roll frame and the positive
leading through suitable lamp resistance to the various circuits.
Each style was a piece of wire rounded at the point, forced through

Fic. 6.

a hole in a block of wood, carefully aligned and connected to its
proper circuit. Style 1, farthest from the motor, was in the circuit
of a seconds pendulum, already mentioned; No. 2 was the counter
style and made one long and nine short dashes each revolution.
Records of short intervals of time will be mentioned later. Style
3, the signal style, was used to record the instant of changing the
engine load. Its circuit could be closed by a telegraph key or auto-
matically by a wiping contact on the handle of a clutch overhead
on the main shaft. The latter was used for all records.

The engine was loaded by a friction brake and a rotary pump
driven through the clutch just mentioned. By snapping out the
clutch, the engine was relieved of the pump load.

A specimen record showing the behavior of the governor and
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speed of the engine during a sudden change in load is shown in
Fig. 7. For certain reasons this particular record seemed well
suited for illustration, although the goverfor was not adjusted
to regulate very closely. The following table will serve to inter-
pret the record:

Number of position strip and position record. 10 ' 13 16 19 22

. 4.

. o d of gor- of strip. 2.43 | 8.14 | 8.86 | 4.57
ernor pendulum from extreme

ourside poeition, f.c., position
when at rest, Inside edge
of strip.

1.87

Outside ed;,e ) 1.72
|
I 3.81\ 4.04 | 4.75

The engine speeds have been computed by taking from the
record the number of revolutions and tenths, with hundredths by
estimation, during one second before and one second after any
given second, and multiplying by 30. The result in revolutions
per minute is recorded underneath the given second and marked
RP.M. An even number of seconds must be chosen for the
count, so that the time interval may be from one instant when
the pendulum makes contact until it makes contact again, swing-
ing in the same direction. This prevents any error due to a large
globule of mercury. The record shows that with the engine run-
ning at a speed of 228 revolutions per minute, the clutch was
snapped out about 5.62 seconds after the recording apparatus was
started. Cards taken simultaneously on four indicators, immedi-
ately before and again soon after this change, show a decrease from
145 to 82 indicated horse-power. At that moment the engine, on
its return stroke, had not quite reached its head-end dead-point.
The position-point carried by the governor pendulum was moving
on and off strip pumber 10, about 1.8 degrees from its extreme
outer position. As this is not an inertia governor, considerable-
change in speed is necessary to start the governor weights outward,
yet after a little more than onerevolution, theystarted, th~ po iti~n
point crossing strip 11, moving nearly across 12, then back a little,
-then crossing 12 to 13, registering as it went, moving back, then
crossing 13, 14, and 15, oscillating in and out on the wayv, but still
progressing inward, never in contact with two strips at once, but
touching one almost as soon as it left another, until it first touched
strip 21, its mean position after the change in load, about 8.57
seconds from the time of starting the record. In about 2.95
seconds, due to a sudden drop of 63 horse-power, the speed had
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F1a. 7.—PonrTioN oF RECORD TAKEN DURING CHANGE IN LOAD.

Read from left to right. The lowest line of numbered dushes shows the time in seconds from beginning of record. Ten dashes on the counterline
indicate ono revolution of the engine, the left-bund end of cach long dash marking the head-end dead-point. A dash on the signal-line, between the 5th and
6th seconds, marks the instant of a sudden change in load from 145. to 82 horxe-power. ltecords ou lines 4 to 30 indicate contact of governor position-

int with position-strips of same number. Upward progression of position record indicates outward motiou of governor weights due to increased speed.

"his record was taken with position-block No. 1.
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increased from 228.0 to 242.1 revolutions per minute, and the gov-
ernor pendulum had shifted its position about 2.6 degrees. One
record is lacking to complete the information—namely, a record of
short intervals of time. The counter record, however, by allow-
ing for change in speed, makes a fair substitute.

This record was continued to the eighteenth second; -after
the thirteenth, the speed decreased to 241.7 revolutions per min-
ute, and then did not change appreciably; yet though the speed
was constant, the position-point did not settle on any single posi-
tion strip. The record shows an oscillation occurring once in
each revolution of the engine, thus revealing the fact that the
governor was never in a state of relative rest. This certainly is
not surprising. The governor was doing work in pushing and
pulling a valve back and forth very rapidly, and its equilibrium
was somewhat disturbed. Besides, since it revolved in a vertical
plane, during one-half of a revolution it was assisted and during
the other half opposed in its motion by the action of gravity.
The separate influences of valve resistance and gravity on the
revolving weights remain to be shown. This motion is of great
importance. If a governor is always in motion with respect to its
own pivots, then there is no statical friction to be overcome, before
it can change its position, and sticking in one position during a
change in speed cannot occur.

To investigate this eyclical change moreminutely, Position-block
No. 2 was made. It had 52 strips of brass so close together that
they covered the same range of motion as only 13 strips of block
1. The strips were numbered from 5 to 56. Recording style 4
was reserved for a time record, so but 26 styles were available for
position records. Accordingly the strips were connected in two
series, so that 5 and 31 registered through style 5, 6 and 32
through style 6, and so on. A little experience in interpreting
the record prevented any confusion arising from this duplicate
system.

An electrically driven tuning-fork, carrying an adjustable
weight, was arranged to interrupt the cireuit through style num-
ber 4, and thus record very short intervals of time. By aid of this
record to check the record of seconds by the pendulum, it was
proved that the centres of dashes at one second intervals could be
accurately located. Thus it became no longer necessary to use an
even instead of an odd number of seconds in computing speeds.

Records shown in Figs. § and 9 were taken to study the effect
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of increasing the inertia of the reciprocating parts driven by the
cecentric. Fig. 8 represents nearly the conditions existing after
the change in load of Fig. 7. Although no indicator cards were
taken, it is known that the load was about 80 horse-power.
The engine was making about one less revolution per minute, and
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Portion of a record taken while a constant load was on the engine. The record
was taken with position-block No. 2.

consequently the pendulum was a little nearer its initial position.
Block No. 2, with its very narrow position-strips, of course shows
the pendulum oscillation to better advantage than block 1.
Before taking Fig. 9, a split cylindrical weight of 25 pounds (the
valve and valve-rod together weigh 43 pounds) was clamped firmly
around the valve-rod. An attempt was then made to duplicate
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Portion of a record taken under same conditions as Fig. 8, except that a weight
of 25 pounds was fastened to the valve-rod.

the conditions of Fig. 8. From the style records, it appears that
in one case the mean position of the position-point, as it oscillated,
was between strips 43 and 44; in the other case between 44 and
45; but the angular difference is less than one-tenth of one degree,
so that it is proper to compare the two oscillations. Repre-
sentative oscillations from these two records are plotted in Figs.
11 and 12, with crank angles and time as abscissae, and angular
displacement of the governor pendulum from its position when
at rest as ordinates. The precision of this method of record-
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ing is shown by the regularity with which the plotted points fall
into line. Provided the displacement scale is correct, the time
necessary for a given change in position can be read within one
one-hundredth of a second. For the closer measurement of time,
which may be desirable in studying accelerations of inertia gov-
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Plot to accompany Fig. 8, showing motion of governor pendulum under normal
conditions. Speed, 240.7 revolutions per minute.

ernors, it will be necessary only to draw the paper faster under
the recording styles and perhaps make the tuming-fork vibrate
faster. Portions of these plots between crank angles 270 de-
grees and the head-end dead-points, appear to be indefinitely
located. From other oscillations of the same records, however,
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Plot to accompany Fig. 8, showing motion of governor pendulum when valve
inertia is increased. Speed, 240.9 revolutions per minute.

these portions were found to rise very slightly till near the dead-
point.

To make clear what is to follow, let it be again stated that
tnward motion of the pendulum is motion away from that posi-
tion which it occupies when the engine is at rest. During such
a motion the pendulum displacement angle increases.
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An explanation of the oscillations demands an understanding
of the relative positions of pendulum, shaft, eccentric, and crank.
Fig. 13 shows the crank about 30 degrees beyond its head-end
dead-point. Gravity acting on the heavy left-hand end of tRe
pendulum, on the eccentric it carries, and also on the eccentric-
strap, has for some time been tending to pull it outward, or down-
ward about pivot C, Fig. 2. About this time, the valve is begin-
ning to move toward the shaft; and its inertia, its resistance to
acceleration, reacts on the eccentric to pull the pendulum out-
ward. Thus gravity and valve inertia are acting together, and
the curves of pendulum displacement slope quickly downward.
At about 90 degrees, Fig. 14, the pendulum hangs nearly verti-
cal, and gravity scarcely influences it. Valve inertia acts slightly
for a little longer; yet tRe pendulum continues outward, due to
its own inertia, until after the actuating forces have reversed
their direction. As the crank moves on toward «180 degrees,
gravity tends to pull the pendulum inward; inertia of the valve,
which is being retarded, tends to assist, and the plots rise very
quickly. When the crank gets to about 220 degrees, Fig. 15, the
pendulum is once more approaching a vertical position and sup-
porting its weight on pivot C; but just then the valve must
be accelerated toward the right, away from the shaft, and
reaction along the eccentric-rod pushes the pendulum back, mov-
ing it outward. This action is very much more energetic in
Fig. 12 than in Fig. 11, due to the increased inertia of a welght
nearly two-thirds as large again. Finally the crank reaches
about 270 degrees. The pendulum stands nearly vertical and the
eccentric is close to that position in which it neither accelerates
nor retards the valve. Consequently the pendulum pauses in
its oscillation. From there on, as the engine turns, gragvity tends
to turn the pendulum outward ; but inertia of the valve, retarded
in its motion, acts in an opposite sense; and these two influences,
both increasing rapidly, appear to increase about equally, so that
the pendulum, acted upon by balanced forces, scarcely moves until
the head-end dead-point is passed and the revolution is completed.

Contrary to expectation, when the valve inertia was increased,
the amplitude of oscillation was hardly any greater than when
the governor was running under normal conditions. Apparently
these cyclical oscillations-are due not so much to inertia of the
valve as to rotation of the unbalanced pendulum in a vertical
plane.
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The influence of the two governor weights on this oscillation of
the pendulum has not been mentioned. It is slight; for in nearly
all positions one weight tends to counteract the other.

Herr Otto Schneider in his *“ Theorie der Flachregler,” * dis-
cusses mathematically the various forces which tend to influence
the otherwise simple relation existing between speed, spring ten-

sion, and moment of inertia in a ﬂy—whee'l governor. He confines
the discussion to shaft governors carrying eccentncs, and distin-
guishes as the disturbing factors:

1. Valve friction, including friction at the stuffing-box.

2. Inertia of the reciprocating parts.

3. Steam pressure on the end of the valve stem.

4. Weight of eccentric and pendulum (of valve and rod also
in the case of vertical engines).

He then computes the magnitude of each of these forces and
shows graphically how each varies during a revolution of the en-
gine. Then, combining the effects of these forces, he shows a
diagram of pendulum oscillation for one complete revolution.
His work as published is entirely mathematical; and as the gov-
ernor for which his calculations were made was probably supposi-
tional, it is doubtful if he had any experimental data to verify
the character of the motion he deduced for the pendulum. Yet
his deductions bear a close resemblance to the oscillations actu-
ally detected and measured in this experimental work. The two
must not be too closely compared, for the mechanisms of the
governors are quite unlike.

This report is presented merely to describe apparatus for obtain-
ing experimental data of the behavior of engine governors. The
apparatus was first applied to the McIntosh and Seymour engine
simply to find out whether or not it could be made to work—not
to obtain figures for comparsion with any calculated results. The
governor of this engine would be a particularly difficult subject
for mathematical treatment, on account of its peculiar spring.
A spring of irregular curvature exerts a force which is hard to
calculate; and a spring made of several leaves, especially when
they are curved, does not always exert the same force for the
same deflection.

It is proposed to use this apparatus for investigating the action
of some form of single-weight inertia governor. After deter-

® Zeit. des Ver. dew. Ing., Oct, 19, 1895, p. 12357,
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mining, by a visual stroboscopic method, the approximate posi-
tion of the weight while running, a position-block may be made
to cover only the normal range of motion from lightest to heav-
iest load. These governors usually have helical springs, easy to
calibrate, and the whole design is such that all'the forces at work,
excepting friction, can be computed analytically. They can be
adjusted to regulate very closely and very quickly; but although
their motions are quick, the recording current is quicker,
and the precise position of the weight with the direction and
velocity of its motion at any instant should not be difficult to de-
termine. If reliable data of the actual performance of one of
these governors can be obtained, perhaps the information may at
last be supplied to make it possible to predict, by analytical investi-
gation, the action of any governor of the same type.
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No. 956.*

FLYWHEEL CAPACITY FOR ENGINE-DRIVEN ALTER-
NATORS.4

BY WALTER I. SLICHTER, SCHENECTADY, X. Y.
(Junior Member of the Society.)

1. Tur following paper is written with the object of showing
certain considerations which must be borne in mind when selecting
a steam engine to drive an alternating current generator which is
to run in multiple with another generator or which is to generate
power for a system in which synchronous apparatus, such as syn-
chronous motors or rotary converters, are to operate.

A detailed analysis of the mechanical action in the engine which
is the cause of the trouble is to be found in Mr. J. I. Astrom’s
paper, and the discussion thereon, read before this Society last
year at Milwaukee. I have omitted as much of the part that Mr.
Astrom discussed as could be done and still give a clear idea of
the effects in the electrical circuit.

2. An alternating current generator, when direct-connected to
a steam engine, is sensitive to certain irregularities in the speed
of the engine which affect no other type of apparatus. This irreg-
ularity is in the instantaneous value of the speed, or the variation
of the angular velocity during one revolution as distinguished
from the changes in the average speed, due to a change of load.or
of steam pressure.

3. During one revolution the force applied to the crank-pin of
a steam cngine varies considerably, due to the following causes:

Transfer of reciprocating to rotating motion.

Variation in steam pressure on the piston, due to expansion.

Inertia of the reciprocating parts.

Weights of the reciprocating parts.

* Presented at the New York meet:ng (December, 1902) of the American Society
of Mechanical Engineers, and forming part of Volume XXIV, of the Transactions.
t For further references on this subject see Transactions as follows :
No. 234, vol. viii., p. 191: ‘Formul® for Reciprocating Parts of High Speed
Engines.” Geo. 1. Alden.
No. 907, vol. xxii.,, p. 955: *‘‘Determination of Fly-wheels to Keep Angular
Variation of an Engine within a Fixed Limit.” J. I. Astrom.
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Throw of connecting rod.

Shortness of connecting rod.

4. Of these the first three are of the greatest magmtude The
first causes the torque to pass through zero twice in each revolu-
tion, the second causes the torque to be less in the second half of
& stroke or impulse than in the first. The effect of the recipro-
cating parts is to diminsh the torque in the first half of the stroke
and increase it in the second half. Therefore, it is opposed to
and counteracts the effect of expansion. The inertia effect is of
considerable magnitude and frequently more than balances the
effect of expansmn This is particularly the case in high-speed
engines and in the low-pressure cylinder of a cross-compound
engine, which is necessarily very large and bulky. The effect of
the reciprocating parts is the most interesting, as it may be either
harmful or beneficial—harmful in producing a peak at the end of
the Jow-pressure stroke, where it overlaps the admission of the
high-pressure stroke, thus merging the two impulses; beneficial in
lowering the excess energy during admission of the high-pressure
stroke.

5. In a single cylinder double-acting engine there are two im-
pulses per revolution, and in a cross-compound engine there are
four impulses. During the first part of the stroke the effort is
less than the average, during the second part (equal to about one-
half the period of the stroke) it is greater than the average.
During the last part of the stroke the effort is less than the average
again. This is shown diagrammatically in Fig. 17, Curve 1. Curve
F is the varying crank effort or torque in foot-pounds at the centre
of the shaft. The straight line AG represents the average value
or mean effort. The difference between these two at any time
represents the excess or deficit torque, or the force acting on the
flywheel or given by the flywheel.

This force F, acting on the mass of the flywheel M, gives the

wheel an acceleration ¢ = 5, ora= i;, where 7 is the moment of

the flywheel.

6. From a to b in the diagram the acceleration is negative and
the speed drops (Curve 2), from b to d the accleration is positive
and the speed rises, the gain in speed from minimum to maximum,
(b to d) represented by S, being proportional to the area of the

figure bed, or it is equal to Iadt. The acceleration is negative
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again from d to e, and the speed drops back to its original value
at the end of the impulse to pass through a similar cycle in the
next impulse.

7. While the speed is less than the average during the first half
of the impulse (as from a to ¢, Curve V), any definite point of the

' TORQUE, SPEED AND DISPLACEMENT
OF A SINGLE CRANK ENGINE.
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revolving masses, as the crank-pin centre, will fall behind the
position it would maintain if the angular velocity were constant;
and at ¢, where the speed becomes greater than the average again,
it will have reached its greatest displacement and will commence
to regain its correct position, which it reaches at d and passes to
a displacement ahead of that of constant velocity.

The change o# position from ¢ to e, represented by 24, is pro-
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portional to the area of the Curve V between ¢ and ¢, or is equal to
[oa.

8. Thus we find that the displacement angle is proportional to
the double integral of the curve of unbalanced effort. This would
be a long and tedious operation, but it is the only correet method -
of obtaining exact values. The method was given in the discus-
sion on Mr. Astrom’s paper. The work may be considerably
shortened by the use of the integraph (of Coradi, Zurich), an
instrument which will graphically integrate each curve in turn.
By tracing the curve to be integrated with the pointer, a recording
pointer will draw a curve, each ordinate of which is proportional
to the area enclosed by the original curve up to that point. Its
principal objection is that to get accuracy the original curve must
be on a Barge scale, for the deduced curve is of such a scale that
a one-inch ordinate represents at least four square inches of area
in the original.

9. The displacement may be obtained approximately quite
easily on the assumption that the curves are more or less regular
and symmetrical, resembling sine curves. Let us represent the
ratio of the area of the greatest peak of unbalanced energy to the
rectangle representing the foot-pounds energy per revolution by
k, where & x P = P,.

p  HP x 83,000
~ RPM
k = unbalancing factor.
P, = unbalanced energy.
P = ft. x lbs. energy per revolution.
HP = output of engine.
RPM = speed of engine.

Then we have:

w L4 y
P,:Ex (V2-73) = % Vix28=Fk x P,
where W = effective weight of flywheel,

¢ = the constant, 32,
V, = average velocity of IV,

V: = maximum “ of W,
V: = minimum “ of W,
s=Yi=V

Ve
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8 is the variation in speed shown in the diagram.
10. Having the value of S, we must assume that the maximum

. . 8
variation from mean is 5 and the average value (from c to e)

2
J x % = —f-: This average value of S lasts during one-half of an

2
impulse, or, if n is the number of impulses per revolution, while
the crank-pin is passing % degrees. Therefore the change in

. . P _ 8 360 _ S x 360
position during this time is 24 =— X5 and A = yp

Combining these formule so as to get A in terms of K:

_kx P xgx360
A= WV2: x4nn

This is the displacement of the crank-pin from mean.

11. In a bipolar alternator the E.M.F. performs a complete
cycle for every revolution; in a four-pole machine there are two
cycles per revolution; that is, there is a cycle for every pair of poles
per revolution, and if there are p pairs of poles on an alternator
one cycle of the crank corresponds to p x 360 degrees in the
electrical circuit. Thus, if « is the displacement (from mean) in
the electrical circuit, then @ = p x A, or many times the displace-
ment usually calculated and discussed. The effect produced in the
electrical circuit is due to this displacement rather than to the
variation in speed. '

12. Two sine waves of a given amplitude E, if they differ in

phase by B degrees, have a maximum difference of 2K sin g

Thus, if two generators differ in phase B degrees, an EM.F. of
this value is short-circuited through their joint impedance.

If we represent their full load current by unity, the short-
circuit current would be about 2.5, and the impedance 2—E; Then
the cross current due to this displacement would be:

. B
_2_%_:- 2.5 8iﬂ§.
2 x E 2
2.5

. 4
==
k4
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Assuming a value for this cross current of 10 per cent. of full
load current as a reasonable allowance, we have:

2.5 m:n—g =.10, whence% = 2.30.

That is, a displacement of phase in the electrical circuit of 2.5
from mean will cause a cross current of about 10 per cent. of full
load current to flow. Therefore we assume a = 2.5 as the limit-
ing value of the displacement. This cross current heats the wind-
ings of the generators and may cause considerable loss of power °
in the resistances of the connecting cables.

13. The value a = 2.5 is one which builders of electrical
apparatus have more or less generally agreed on as the limit, if
satisfactory parallel running of apparatus is expected. If other
conditions are favorable, such as low resistance between genera-
tors, and few synchronous motors in circuit, the generators will
work well in parallel with a considerably greater displacement, but
when the conditions become exacting 2.5 is the limit.

14. A synchronous motor or rotary converter having a constant-
load tends to run at constant speed and has more or less flywheel
effect in its rotating member. If now this is connected to an
alternator driven by an engine which has an irregular angular
velocity, giving a displacement from + 2.5 to — 2.5, there will be
a continual give and take of current between the two which may
lead to the phenomenon known as hunting. That is, when the
generator is ahead of the motor, the motor tries to catch up and
takes power from the generator to do so; then, when the generator
is behind in relative position, the motor tries to drag it along, and
in so doing gives its power back again.

15. We have seen that the evil effect in the electrical circuit
increases with p, the number of pairs of poles. Thus it is that
high frequency generators give more trouble than low frequency
generators. In most designs of engines the flywheel capacity
necessary to carry the engine over a change in load while the
governor is operating is sufficient to maintain the angular velocity
within reasonable limits, but in eross-compound engines the inertia
of the reciprocating parts of the low-pressure cylinder (the cylinder
being so large) is usnally so great that the crank effort diagram is
much distorted. Instead of getting four peaks per revolution,
we get two or three, and each of these peaks lasts longer,
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the period of high speed lasts longer, and the displacement is
greater.

16. There is also an aggravating action in the electrical gener-
ator itself, as pointed out by Mr. H. E. Longwell in a paper be-
fore the Engine Builders’ Association last May. This is what may
be called the synchronizing force, or torque, of the generator. As
mentioned before, each generator, as well as each motor and rotary
of the system, tends to keep in step with the rest of the system—
that is, resists any displacement. If some external force causes a
. displacement, there occurs in the generator a torque proportional
to the displacement, tending to bring the revolving part back to
the mean position.

If the displacement is backward, as at ¢ of C'urve 3, Fig. 17, there
will be a torque trying to pull the revolving part forward into step
(as in Curve 4, Fig. 17), which torque it will be noticed is greatest
where the displacement is greatest, and where the engine effort
is greatest; thus the synchronizing torque of the generator is in
step with the unbalanced effort of the engine and additive thereto.

17. Two generators connected in multiple will share the load
between them at any instant in proportion to the angular displace-
ment between them. If the displacement is not very great, the
variation in load or, in other words, the synchronizing force in each
is proportional to the sine of one-half the angle betwcen them—
that is, is proportional to the cross current. Thus we find that at
2.5 degrees displacement there is a torque equal to 10 per cent. of
full-load.torque tending to pull the alternator into step, and this
torque occurs simultancously with the excess effort of the engine
and increases that excess and the unbalancing factor.

18. In the case of the 800-kilowatt set, the curves of which
are given here as an example, we find a displacement of 3.4 degrees,
due to unbalanced engine effort alone, and this displacement
causes a synchronizing torque in the alternator varying up to 15
per cent. of full-load torque as a maximum. This increases the
unbalancing factor 30 per cent., and would increase the displace-
ment about the same amount. But this is an old plant and an
unusually severe case (60 cycles). This shows that it does not
necessarily follow that alternators of large synchronizing power
will run in parallel better than those of small synchronizing power,
but rather the reverse, though there are reasons why the other
extreme is not desirable either.

It might be interesting here to note that in a continuous cur-
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rent machine this torque is proportional to the speed instead of the
displacement. When the speed is high the torque is negative, and
when the speed is low it is positive, or additive to the engine effort.
This is shown in Curve 5 of Fig. 17. The effect of this torque is
merely to distort the curve of engine effort, as it is displaced 90
degrees therefrom. It is interesting to note that this torque is
just opposite in effect to that of the reciprocating parts at any given
time.

19. From a number of engines I have analyzed, and from data
collected from some German and French technical publications and
different American engine builders, it may be considered reason-
able to expect an unbalancing factor of:

.15 —.30 in a single-crank double-acting engine,
.075 — .15 in a two-crank engine.

But in the two-crank engine, as mentioned before, the distorted .
curve of effort usually gives only two displacements per revolution
instead of the four we would expect; therefore we may say that
the “ apparent ” unbalancing factor is .15 — .30. A three-crank
engine has about the same apparent unbalancing factor as a two-
crank.

A vertical engine gives a little more unbalancing than a hori-
zontal, due to the dead weight of the moving parts, for which we
should make some allowance.

20. To determine a weight of flywheel which would limit the
displacement to a value approximately equal to 2.5, I have derived
8 formula based on the above unbalancing factors with a reason-
able increase to allow for overloads. While not always giving
the most desirable flywheel capacity, since it would be impossible
to take into account all the irregularities of some engines, yet it
gives a value suited to the various conditions, such as frequency
of alternator, style of engine, etc., such that if the engine is rea-
sonably good we will get the results desired. If this weight of fly-
wheel does not give satisfactory results it would be much better
(for the electrical circuit) to make such changes in the engine
itself as to give a better crank effort diagram than to increase the
weight of flywheel, for a flywheel may easily give trouble by being
too heavy.

21. As changes in the engine, I might suggest:
First, as best though most difficult, changing the angle between
the two cranks.
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Second, changing the proportion of load taken by the different
cylinders, and make the low pressure take more load.

Third, introduce compression at the end of the stroke to take
up inertia, particularly in low-pressure cylinder.

The formula is:

KW xC x 10°
Wt = S

where W = effective weight of wheel,
K W = rating of generator,
8 = speed of engine in R.P.M,,
r = radius of gyration,
C = a constant as follows:

Horizontal Vertical Horizontal
Singlecrank.  Cross-compound.  Crose-compound.
Weyeles...ooovvnveennnn 815 276 250
40 505 440 400
B0 “ i 630 550 . 500
80 el 765 660 600
126 Y e 1675 1880 1250

22. In some cases it is necessary to use a larger flywheel than
this to carry the load during the short time it takes for the gov-
ernor to operate. In railway power stations the load varies so
greatly and so suddenly that an immense flywheel has to be
adopted to meet these changes and the angular displacement has
to be ignored. But so far as hunting and parallel operation are
concerned, too great a weight of flywheel is almost as undesira-
ble as too little, for a large inertia in the circuit means that much
power must be expended in bringing any oscillating mass back into
synchronism. Therefore, where a very heavy flywheel is not neces-
sary for definite reasons, it is desirable to keep the weight down,
and the weight necessary to limit the displacement to 2.5 degrees
will be found a reasonable, medium value.

23. In many cases where hunting has occurred due to a pulsat-
ing prime mover or other cause, it may be held in check and prac-
tically suppressed by connecting a dashpot to the governor mech-
anism. This dashpot should have the characteristics that it is
not sensitive to sudden changes in load or speed but that any pro-
longed change will cause it to move. This has been used success-
fully in practice to a considerable extent.
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24. To determine by test the variation in speed of an engine

is a very delicate and complicated experiment, and there have been
many ways tried and suggested, but with very little success. At
the meeting of the French Société Internationale des Electriciens
last winter this subject was discussed and many methods described.
The most successful was that of E. W. Mix, in which a bevel-gear
wheel is driven from the engine shaft by some very positive
method—as gearing, or a bicycle wheel pressed against the engine
fiywheel. This gear wheel drives in opposite directions two other
bevel gears on concentric shafts at right angles to the shaft of
the first gear. The outer hollow shaft of these two concentric
shafts drives a light aluminum disk. The other gear-wheel is con-
nected to a shaft consisting of a long elastic steel wire, and this
drives a disk with a heavy flywheel rim. These two disks are
placed side by side. One being light and connected by a rigid
shaft, follows all the irregularities of the prime mover; the other,
having considerable inertia and being driven by an elastic connec-
tion, revolves at practically constant angular velocity. There are
slits in both disks, and by an arrangement of a light and mirror
the relative displacement of the slits causes a beam of light to be
deflected. '

25. If an alternator becomes very much displaced in phase it
may absorb power electrically and drag the engine along. If now
the governor does not meet the condition properly, there may be
no steam admitted to the cylinder; then at the end of the stroke
the vacuum in the cylinder may be sufficient to draw water from
the condenser, which may cause damage. Electrical damping
devices are used in many cases to overcome these irregularities.
They consist of short-circuited windings on the poles of the alter-
nator. When the alternator oscillates ahead of or behind its cor-
rect speed, currents are generated in these devices which tend to
oppose these oscillations. This is quite effective if the oscillations
are rapid or of a short period, but, of course, it wastes power just
in proportion as its effectiveness increases, being nothing more
than a friction brake.

26. To give an idea of the flywheel capacity required to meet
the requirement advocated and show that, contrary to the general
opinion among mechanical engineers and engine builders, a very
heavy wheel is not necessary, I append a table giving a compari-
son of the weights caleulated by the above formula and those actu-
ally installed by the engine builders,
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’

Installed. Calculated.
AltOONa . ... ..cviriii it 13,000 11,000
Cleveland ..........cooveiivennnnnn, 41,00 75,000
Glasgow.. ... ... veiiiiiiiiieine 148,000 164,000
Hanover............ eecvieronnn.s 40,000 . 58,000
Baltimore .....o.ccovveennivncnncees 78,000 45,000
Metropolitan......... Chee eesenvees 240,000 193,000
Washington ........... ........el. 15,100 17,600
Philadelphia. ...................... 70,000 107,000
Omaha............ it iiiinennnn. 24,000 18,000
Santa Catalina..............c...... 84,000 21,000
Tornavento....... ...cevvvvnennnnns 72,000 44,000
Santiago.......coeeiiiiiiiiiiiaint 17,000 18,300
Milwaukee ........ccveeivevnnnnns 50,000 40,000

Explanation of Diagrams.

-27. T have given attached the curves of a horizontal cross-
compound engine, cylinders 24 inches and 48 inches, by 48 inches
stroke, which is direct-connected to a 60-cycle alternator of 800
kilowatts at 100 revolutions per minute. There were several of
these in the station and there was considerable trouble from
“ hunting.” It was finally necessary to put short-circuit windings
on the poles and a dash-pot governor on the engine, since which
time the plant has run satisfactorily. The plant was laid out
several years ago. ,

28. The irregular shape of the curve of combined high and low
pressure crank efforts will be noticed. There are practically only
two impulses per revolution. The maximum unbalancing factor
is.095, is negative, occurs during the (high-pressure) return stroke,
and lasts for 126 degrees, or over a third of a revolution; this is
the cause of the poor characteristics of the engine. If dead weight
were added to the high-pressure piston the diagram would be im-
proved, or if the angle between the cranks were less.

By integrating this curve of crank effort we get the velocity
curve as shown, and by integrating this in turn we get the curve
of displacement of the crank centre, which shows very clearly
the ““ two impulse ” effect of the engine.

The maximum displacement is .095 degrece. The generator has
72 poles; hence the displacement in the electrical circuit is 36 x
095 = 3.4 degrees.

29. In Fig. 19, Curve 1, is shown a, the displacement, and the
broken line shows the variation in synchronizing force. In the
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lower part of the figure we have in full lines the erank effort dia-
gram, and curve e is the synchronizing torque of the alternator in

F1a. 18,

foot-pounds. Adding these two together, we get the resultant
unbalancing torque, which, as mentioned before, gives an un-
balancing factor of .123, or 30 per cent. greater than that due to
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Fic. 19,

the engine alone. In these diagrams the high-pressure cylinder
takes 47.5 per cent. of the load and the low-pressure cylinder

52.5 per cent.
DISCUSSION.

Mr. Henry FE. Longwell.—In paragraph No. 12 it is stated
that if we represent the full load current of the generator by
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wity, the short circuit current would be about 2.5 and the im-
pedance 55 I do not see why the short circuit current is neces-

sarily 2.5 or anywhere near it. It seems to me that the short
circuit current is a question of the design of the generator, and
might be anything within reasonable limits—say, from 2 to 5
times the normal full load current. Would it not be a more ex-
act way of putting it to say: ’

If we represent their full load current by unity, and the short
circzjt current is 2.5 times full load current, the impedance will
b 2.5

and the cross current due to this displacement, ete.
I presmme that in the first equation of paragraph 12, ¢ = g that

+ = the cross carrent due to the electromotive force caused by
the displacement of the phases of the two generators.
B

¢ = this electromotive force which is 2 £ sin. 9

z = twice the impedance of one alternator.

As long as generators are built with different short circuit
characteristics, and it is desired to limit the cross current to 10
per cent. of full load current, it would seem desirable to use a
more general formula in which « would equal the short circuit

v

current and % the impedance,

The short circuit current would then equal = Sin. -g, arid the

displacement giving 10 per cent. cross current would be such that
. B 010
Sin. §' = _Sl; — .

Inasmuch as the effect of the synchronizing force is to aug-
ment the unbalancing moment in the engine, which in turn in-
creases the displacement, we are not so much concerned with the
initial displacement due to the engine alone, as with the final
displacement due to the aggravating influence of the synchroniz-
ing force.

Coincident with my own paper on this subject, referred to in
paragraph 16, Mr. E. Rosenberg, chief engineer for the firm of
Korting Brothers in Hanover, Germany, published in the Elec-
trotecknische Zeitschrift (Nos. 20-22 for 1902), a very much more
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practical and exhaustive paper on the same lines. An English
translation has been promised, but I have not as yet seen it.

In brief, however, Mr. Rosenberg shows very clearly that no
invariable rule can be laid down for the initial displacement due
to the engine alone, as even with the same synchronizing force
between the generators, the amount that the initial displacement
is augmented by the synchronizing force varies with the type of
the engine.

.A single-crank engine will permit of a greater initial displace-
ment than an engine having two or more cranks, and a single-
cylinder, single-acting, four-cycle gas engine will admit of a still
greater displacement.

The amount that the synchronmng force will augment the
initial displacement depends on the magnitude of this synchron-
izing force as compared with the unbalanced torque in the engine.

In a single-cylinder, single-acting, four-cycle gas engine the
unbalanced torque in the engine would be very great, and the
torque due to the synchronizing force resulting from a displace-
ment of 2.5 electrical degrees would be quite insignificant in
comparison.

On the other hand, in a three-crank, double-acting steam en-
gine, the unbalanced torque might be less than the synchronizing
torque resulting from an initial displacement of 2.5 electrical
degrees.

In the first case the augmentation of the initial displacement
by the synchronizing force would be trifling, while in the second
case the initial displacement would be increased indefinitely until
the generators pulled apart.

Myr. Slichter has shown that for a certain 800 kilowatts,
60-cycle alternator with 72 poles, running at 100 r. p. m., with
a displacement of 3.4 electrical degrees due to the engine alone,
the synchronizing force increases the unbalanced force in the
engine itself by about 30 per cent. By the double integration
of the new curve of moments we would get a new displacement
curve of about 30 per cent. greater amplitude. This in turn
would again increase the unbalanced turning moment and give
rise to still another displacement curve. The final displacement
would be roughly the summation of an infinite series in which
cach increment was 30 per cent. of the one preceding. In other
words, the total displacement would be
3.4 +1.02+0.3+0.1+ ******%% —ahout 4.9 degrees.
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It is easy to imagine tbat we might have another type of en-
gine of the same power and speed, which would give a crank
effort curve enough more uniform to make the unbalancing factor
.0475 instead of .095. If the ﬁy“ heel were enough llghter to
make the dlspldcement the same as in the first case, the synchron-
izing torque would increase the unbala.nc.mg factor in the engine
60 per cent. instead of 30. per.cent. ,The ultimate displacement
starting with the same initial dlsplacement would then be
3.4+ 2.04 + 1.22 4+ 0.73 + 0.45 + 0.27 + 0.16 + 0.09 +

¥ % % % % % %% = about 8.4 electrical degrees.

The mathematical treatment of the problem, elt,her as regards
the determination of the irregularity in the speed of the fly-
wheel, or the electrical disturbance in the generator, can hardly
be relied upon to give us dependable quantitative results.

We all know the uncertainties as régards the engine itself—
a possible error in estimating the weight of the reciprocating
parts, or a variation in the steam distribution from that we have
assumed, or perhaps an unfortunate choice as to the proper load
on which to make the calcalations. While we now make these
involved and tedious caculations, we always discredit the results
by multiplying them by two or three to cover uncertainties.

The electrical calculations are also unreliable, as they are based
on three assumptions, none of which can be regarded as abso-
Intely true. These assmnptions are:

(@) That the pole pieces are spaced with absolute mathemati-
cal accuracy.

(#) That the magnetic centre of each pole coincides exactly
with the geometric or mechanical centre.

(¢) That the electromotive force is represented by a true sine
cuarve.

The mathematical investigation is, however, exceedingly valu-
able in that it gives us a true insight as to the general character
of the conditions we have to meet, and their mutual relations on
each other. It moreover gives us something on which to base
our jndgment as to the amount of ﬂywhcel effect necessary, but
the actual weight of flywheel required is none the less a matter
of judgment.

I do not doubt that we shall soon use an empirical rule for the
fiywheel, something of the form suggested by Mr. Slichter in
paragraph 21. Such a formula will doubtless be deduced from
data taken from a number of generating units which are running

8
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in parallel satisfactorily. It will doubtless contain a factor for
the short circuit current of the generator, and will perhaps not
favor one type of an engine more than another as does the
formula glven

There is no such thing as absolute perfection in- the parallel
operation of alternators direct-connected to reciprocating en-
gines, and we can only hope to reach the point where the con-
census of opinion is that the results are good enough.

I can see no theoretical limit to the amount of flywheel that

can be used to good effect. When the alternators are once
coupled in parallel, it would seem that the more flywheel we
have the better would be the operation. In the act of cutting
an alternator in on the general system, however, the heavier the
flywheel the greater the care which must be taken to have it run-
ning at the correct speed when the switch is closed, to prevent
the shock due to the sudden acceleration or retardation of a large .
mass. :
Mr. Walter 1. Slichter.*—In reply to Mr. Longwell’s criticism
of the value used for the short circuit current of the alternator
in the paper, I would say that that is an average value of many
different machines which I have analyzed. I have before me
now the tests on twenty different machines, taken at random.
The maximum value of the short circuit current shown by these
is 3.74 times the full load current, the minimum 1.52 and the
average 2.58. Therefore I claim that this is a reasonable value
on which to base calculations. A change in the value of the
short circuit current from 2.5 to 3 would increase the cross cur-
rent from 10 per cent. to 12 per cent. for the given displacement,
and would increase the synchronizing torque 20 per cent., and
this in turn, then, would increase the final unbalancing factor
some 10 per cent. Now, the change in the unbalancing factor
due to the cut-off changing with the load, is much greater than
this. Thus I consider it an unneccessary refinement.

Of course, the formula would be more accurate if such a con-
stant as Mr. Longwell proposes were introduced, but it is ques-
tionable if the gain in accuracy would warrant the complication.
There are other conditions which are more variable.

The object in putting forth this formula is not to set a hard
and fast rule, but to calculate a value which would come within

*Author’s closure, under the Rules.
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the lines of good practioe, for I have known of many cases where
flywheels have been proposed, and even installed, which were
very far from a reasonable value, due to a misconception of the
properties of the alternator.

This formula is not deduced from theory, but is based on prac-
tice as will be seen by the table of values given. The mathe-
matics is merely introduced to show the relative importance of
the different factors and the way in which they enter.

Mr. Longwell's discussion of the cumulative effect of the syn-
chronizing torque is very interesting, and it is very possible that
this has been the cause of considerable trouble. It is one of the
reasons why a two-crank engine connected to a given alternator
must have more than one-half as much flywheel weight as a
single-crank engine.
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No. 957.*

THE DEFLECTION OF BEAMS BY GRAPHICS.

BY WILLIBALD TRINKS, YOUNGSTOWR, O.
(Non-member.)

-1. Tue method of designing machinery considering strength
alone is rapidly becoming obsolete. On the other hand the impor-
tance of rigidity, that is smallness of deformation, is appreciated
more and more, and it is often desirable to predetermine the de-
flection which will take place in a certain part of a new machine.
The easiest-way to accomplish this task is of course by comparison
with corresponding parts of similar machines, the deflections of
which have been measured ; but there will invariably occur cases
where such a procedure is impossible, either because results of
measurements are not available, or because the machine to be cal-
culated is so different in style or size from anything previously
constructed, that comparisons would be unreliable. In such an
instance there is nothing lelt but a guess or a calculation, and the
latter is much the safer way.

2. But, while the calculation of parts with regard to strength is
comparatively simple, and formulas and directions for dimen-
sioning parts to sustain a given load can be found in most reference
books, the analvtical calculation of the deformation of the same
parts becomes at once helplessly complicated and extremely diffi-
cult, so that, as a rule, only very rough approximations can be
obtained. However, it is entirely annecessary to abide with crude
and imperfect results, because there exist several graphical or
semi graphical methods which give comparatively accurate results
without complex calculations. The full comprehension of these
methods demands the knowledge of the elements of the calculus,
which probably accounts for the fact that they are not as widely
known as they deserve to be. But, as their application is much
easier and at the same time more accurate than that of the common
analytical methods, it will be tried in the following to present

* Presented at the New York meeting (December, 1902) of the American Society
of Mechanical Engineers, and forming part of Volume XXIV, of the Transactions.
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three of the more important methods in a suitable manner for
everyday use of the practical engineer and draftsman.

3. Of course it is impossible to repeat here the whole theory of
the flexure of beams, so we shall start with the following funda-
mental relation, the deduction of which can be found in any rel-
erence book : o

df = v}{
Ll

In this equation dz is a small length of a beam (Fig. 20); M the
bending moment caused by the external forces (i.e., applied loads
and reactions), and J the moment of inertia, both with reference

de . . . . . . @

F16. 20.

to the beam-element under consideration. £ is the modulus of
elasticity and o 7 is the small angle which two consecutive sections
a and b (which were parallel previous to the bending) make under
the influence of the moment M. -

4. The formula (1) is capable of various interpretations.

First, it will be noticed that, in a deflected beam, there is a small
angle d r between every two consecutive sections (see Fig. 21), so
that the angle 7, which the two end sections of the beam make, is
equal to the sum of all the small angles d 7, or

r =dr, + dr, + dr, + etc.

= I/h’ V
. _(M
=] EI™
General equations for the deformation of beams can only be
deduced under the supposition that the beam is prismatic, that is
I is constant over its entire length; but in reality this seldom
occurs. As a rule [/ is variable and it becomes therefore necessary
to combine the two variables M and 7 in such a manner that they
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appear as a single variable depending upon the value of #. To
this end we select that moment of inertia Z, which is constant
over the greatest length of the beam, as a moment of inertia of
reference, and reduce the values of the bending moments over the

rest of the beam in the ratio ﬁ' Take, for example, Fig. 22, which

7
represents a shaft of two diameters d, and d,, resting in two bear-
Ly,
i -
2 df,
Fia. 21.

ings a and 3, and carrying two loads P and . From statics it is
known that the bending moment under P is (with the notations
of Fig. 22)

b =T (Pz, + Q)
and that the bending moment under @ is
M,=%(Pa, + Qu,)

5. If these values be laid off to a convenient scale as vertical
ordinates 12— 2 and 13 -3 from a horizontal axis 1 -4, the broken
line 1-2-3-4-1 represents the magnitude of the bending
moment at any section and is called the polygon of bending
moments for the external forces. Similarly the polygon 1-16-
17 -4 is obtained as a curve of bending moments caused by the
weight W of the beam.

The moment of inertia J, = -

64
length of the beam and will therefore be selected as a moment
of inertia of reference. Throughout the length 9-10 (corres-
ponding to the constant diameter 4,) the polygon of bending
moments is not altered, but the ordinates of the polygon over the
absciss® 1-9 and 10- 4 (corresponding to the smaller diameter
d,) are enlarged in the ratio %, so that for example g—:g = (Z—:’)
This gives the polygon 1 -5 -6 -2-3-7-8-4, which is the poly-
gon of bending moments reduced to a constant moment of inertia,
viz. 1,, and which will be called the M -polygon. Having that,

d,' is constant over the greatest
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[ ]
we can proceed as though we had a beam of constant cross-sec-
tion, and obtain

T =- 1-
T El,

IM 'dz

6. But JM’da: denotes only the area 1-5-6-2-3-7-8-4-
18-17-16-15-1, or 4,,; thus we have

—An
T_E/,' B 1)
The area A4,,' can be measuared with the aid of a planimetre.
As an illustration, the following numerical example will be con-
sidered. i
(For notations see Fig. 22).

P = 90,000 pounds.
Q =170000 ©
W=25500 ¢«
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¢ =x,=85 mch%.

@ =ay= 147

d, = 24 inches.

d =20 «

E =30 x 10° pounds per square inch.
7. With these figures we obtain :

M, = 7 % (Pay+ Q,) = 7 030 000 pound inches

11« = %‘(wa + Qe)=6560000 « < |>Be“d‘“g moments.
M, =3 W@ +a) = 740000 « « |
— 4 —
1, =5 424 16 300

Moments of inertia.

5, _
71 = 2.07
M, 142
EI,™ 100000 inches’
g 1.34
o, = 100000 inches’
0.15

77, 100000 inches’

In Fig. 23 the polygons of bending moments are drawn above
the axis for the weight of the shaft, and below the axis for the ap-
plied loads. Scale for distances: 1 inch represents 100 inches ; scale
— 2 ____. hence 1 square inch of
100000 inches’ ™
2 x 100 inches

100000 inches

M
for—E—[ 1 inch represents

the area of the polygon represents an inclination of

1
= W.
(measured with a planimetre), and therefore the angle 7 (Fig. 22)
138 _2.75 or, in degrees: 7 —-M: 0.157
500 = 1000° x 1000 )

The total section-lined area amounts to 1.38 square inches

has the value:

degree.

8. It will be observed that this procedure gives only the angle
which the tangents to the elastic curve at the extreme sections of
the beam make with each other; but not the angles which these
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tangents make with the horizontal (centre line of bearings in case
the beam is a shaft) unless the distribution of loads and material
issymmetrical to the centre line. For this reason the knowledge
of the angle r is sufficient only for rough approximations.
When it is desired to know either the slope at the ends or the de-
flection of the beam, we have to proceed a little further and draw
the elastic curve, that is the shape of the neutral surface of the
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loaded beam. To this end we return to the equation (1) dr =
%dz, which forms the base for all the following deductions. The

result of the little calculation made above demonstrates that in all
practical cases 7 is an extremely small angle ; but for such angles
7 i8 equal to tan r without noticeable error; for example,

-1 degree = 0.017453
tan 1 degree = 0.017455.
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Therefore aquation (1) may be written

d (tan 1) = 5 de.

9. The differential calcnlus teaches that for any curve
tan 7 = Z—Z; substituting this value, we obtain

d(g) (I.v, or
d'/ Izl[fl.rat()' T )

In order to utilize this equation, we use the same process as
above and combine the two variables M and 7 into one variable
depending upon z, that is we distort the polygon of moments in

the ratio —59, and thus obtain the M'-polygon, see Fig. 22. Then
equation (3) may be written :
dy 1
dx = E1,

10. But for any point L, the expression IJ[’dac represents

JM’dw+0. B €3]

the section-lined area A, of the M’-polygon between the origin and
the ordinate belonging to z, which area may either be calculated,
or, what is more convenient, be measured with a planimetre. With-
this notation we obtain

dy A,

dz—E'—[+0 B )

Now let us divide the length of the beam into a number of equal
parts (say 20), then compute the value of E[ for each part, care

being taken to measure each A, from the origin or point 1, and
finally set off these values to a convenient scale as ordinates of =

Thus we plot a new curve ¢fg, the % curve, or curve of inclina-
tions. Returning to equation (4), it will be seen that C, the con-

stant of integration, has to be eliminated. This is done by measur-
ing the areas ¢fgke of the g% curve, then dividing the obtained

value by the length e%, which gives the ordinate ('=eA, and
drawing A< parallel to ek. The proof of the correctness of this
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method will be given below. Then he=17, and ig=7,; 7, and
7, being the angles which the elastic curve makes with the line
Im at the supports. To find the ordinates y of the elastic cutve
dy

7 COTVE: it must be remembered that

from the
y:]%dx-{-q e e e e e (6)'

11. This equation is identical i;l form with equation (4), hence

the ordinates y can be determined from the j—z curve in the same

manner, as the values of Z—Z were found from the 3 curve; that

is by measuring the areas 4./, Fig. 22. The values of these areas,
divided by the respective scales for height and length, are the
ordinates of the elastic curve. Evidently the ordinate of the elastic
carve at the right sapport is zero only when the area % ¢ £ is equal
to the areas g ¢/, which proves that ¢4 was the proper value for
the constant of integration C. As to ), the second constant of
integration, it is obviously equal to zero, because the elastic curve
must pass through ! and m, the centres of gravity of the end
seclions. . i

12. Although these deductions seem to be rather uninteresting
and purely theoretical, their application is very simple and the
practical results are valuable, as will be seen from the following
numerical example :

To facilitate understanding, the example commenced above in
Fig. 23 will be continued. The illustration shows under the sketch
of the shaft the distorted polygon of bending moments, below
this the curve of tangents and at the bottom the elastic curve. It
will be notice that the -7 polygon has been divided into twenty
strips of equal width. The areas of the polygon lying between
the left origin and the ordinate at the right of each strip
are entered into Table I. in the column headed: Area of Zz_a?z
curve. Since 1 square inch represents an inclination of g}y, the
tangents corresponding to these areas are found by dividing the
values in column 1 by 500. The resulting values, multiplied by
1000, are entered in the second column under the heading: 1000

%’ With these figures the curve of tangents is drawn on a scale
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of 1 inch representing an inclination of 53;. Multiplying this
with the scale for distances (in which 1 inch = 100 inches) we ob-
tain the scale for the areas of the inclination curve, namely 1
%’ inch = } inch. The total area under

the inclination curve measures 1.61 square inches; the length of

square inch represents

TABLE L
Arca of dy Area of

:’_x’! curve. 1000 x dz’ :—i carve. 10 y.

1 0.015 0.03 0.09 0.18
2 0.055 11 0.17. .34
3 0.125 .25 0.24 .48
4 0.215 .43 0.29 .59
5 0.28 .56 0.35 .70
(] 0.375 .71 .38 77
7 0.435 .87 .43 .86
8 0.525 1.05 .45 .90
9 0.615 1.23 .46 .92
10 0.705 1.41 ® 47 .94
11 0.795 1.59 .46 .92
12 0.88 1.76 44 .89
13 0.97 1.94 .41 .83
14 1.04 2.08 .38 .76
15 1.11 2.21 .33 .67
16 1.18 2.36 .28 .68
17 1.26 2.52 21 .43
18 1.32 2.64 - .15 .30
19 1.38 2.73 .06 .13
20 1.37 2.7 .005 .00

the abscissa is 2.32 ; hence the height of the mean ordinate is .694
inch. The amounts of the areas in square inches between the in-
clination curve and the line 214 are entered in column 3 of Table I.
under the heading : Area of %curve. It will be observed that
the figures increase from zero to a maximum, and then decrease
again. The fact that the last figure is 0.005 instead of zero is due
to inaccurate readings of the planimetre. But, as the error amounts
only to 0.5 per cent. of the greatest value, no attempt will be made
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for correction. As above found 1 square inch represents 4 inch,
hence we obtain the ordinates of the elastic curve by dividing the
figures in the third column by 5. The tenfold values of the
ordinates are given in the fourth column of the Table, and in
addition they are laid off half size on the strips to which they
belong, thus giving a (rather distorted) picture of the elastic curve.

13. This curve is almost symmetrical to the centre line, although
the load is eccentric. The slope at the ends is found from the
1(?30 or 1:?( xwl(i;) = 0.0797 degree at
2.75—-1.39 136 1.36 x 180 _.

1000 = 1000°" = x 1000 ~ 078
degree at the right end. These angles are almost alike. The
greatest deflection is 0.94 inch or about ; inch.

14. For simplicity the elastic curve has thus far been deter-
mined under the assumption that applied loads and reactions are
concentrated forces, and that the shaft is perfectly free to deflect.
In truth loads and reactions are (approximately) uniformly dis-
tributed over a certain length, and the shaft is to some extent
stifened from being tightly fitted in the hubs of the rope-pulleys,
fly-wheels, etc. As proof that these apparent complications do
not offer any difficulty whatever, if the described method is
employed, Fig. 24 has been drawn, which takes the aforesaid facts
into consideration. After the foregoing explanations a brief com-
ment will be sufficient.

To find a moment diagram for uniformly distributed loads, draw
the polygon for concentrated loads, and round the sharp corners
by parabolas which are tangent to the straight lines of the
polygon at the intersections with the verticals which enclose the
miformly distributed loads, see 4-B, C D, EF, and G H in
Fig. 24. Let the length of the hubs of the rope-pulleys be 40 inches
and their outside diameter likewise 40 inches; the main bearings
are 32 inches long. The moment of inertia for a circle of 40 inchies
diameter is 125.700, which is 7.7 times our standard moment of
inertia, and therefore the ordinates of the bending moments are
reduced in that ratio under the hubs. Strictly speaking this is
not quite correct, because the modulus of elasticity of cast iron dif-
fers from that of steel. But as we neglect the reinforcing effect

inclination curve as 7, =

the left end, and as 7, =

of the arms and as the influence of the reduced % area on the

total deflection is relatively small, there would be no practical
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gain in taking the above mentioned difference of the moduli of
elasticity into consideration.

With the figuresgiven in Table IL. the inclination curve and the
elastic eurve have been constructed in the same manner as before.
As might be expected, the latter looks decidedly different from the
curvedrawn in Fig. 23. Probably Fig. 24 corresponds more nearly

TABLE II. (SeE Fie.24))

Area of day Ares of
%’—:cnrve. '1000 " ax :—Z curve. 10>y
1 0.002 0.005 .06 0.12
2 0.015 .03 .11 .23
.3 06 12 .16 33’
4 14 28 .22 44
5 24 48 .24 48
6 31 .63 25 .51
7 33 .67 27 .54
8 .34 .69 .28 .56
9 .36 .72 .29 .59
10 .45 90 .30 .60
11 .53 1.07 .29 .59
12 54 1.09 28 .56
13 .55 1.1 26 .53
14 .57 1.15 25 .50
15 64 1.28 22 .45
16 .74 1.48 . .10 .39
17 .81 1.63 15 .31
18 .86 1.72 .10 21
19 .87 1.75 .05 .10
20 .88 1.76 .005 .000

to the true conditions than Fig. 23; but in actual practice it has
been customary to neglect the stiffening influence of the hubs.

15. From a purely theoretical standpoint the method of finding
by direct mensuration, first the inclination curve and then the
elastic curve is perfect and beyond reproach, but from a practical
standpoint two objections must be made; first, that it takes too
much time, and second, that the accuracy of the planimetre is
limited.” Therefore, in most cases it is preferable to use the fol-
lowing, entirely graphical and much simpler method which is
known as “ Mohr's method ” or “ Mohr’s theorem,” and which is
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based on the properties of the equilibrium polygon which has also
been termed “ funicular polygon ” by some English writers.

16. This neat and elegant method will be readily understood by
investigating the influence which the deformation of a small
element 4z has on the shape of the beam, see Fig. 25. Consider
only the small element dz as flexible, and the rest of the beam,
viz., the two parts ¢ and &’ as perfectly rigid. Suppose that we

£32

a5

—1 1 1 L[ }

p— ) -

s i T | H
| |

|

1

|
=

1§ ] Iy
- { d
3\\\ /;
\ N by’ /
\ pan
///
12)45170’}0‘—;4—::111'”7"110
AT 11 !
//
.'\‘\\LLL i P,—/”V//
Fia. 24, '

have deflected the beam so that the two rigid parts z and »' make
the very small angle d r with each other. Then the beam will
assume the shape of the line ach, Fig. 25. The resulting, very
small deflection & ¢ is found by a simple mathematical operation

dé = zda = z'df
r @
G +5)ap=ar
Lz
dﬂ—drm

d6= e ,d‘t’
T+
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But from equation (1) we know that dr = ., dx, hence we have

v’
ET
xx (M

dd_m<b—,1>dz N )
17. Now let us compare this result with the bending moment
which is cansed in the same beam by the element gd  of a load
curve. Those readers who are interested in the present discussion
will undoubtedly know that the very small bending moment
caused by the small concentrated load gdz, where ¢ is the

load in pounds per linear unit at the element under consideration,
is

xx'
cIJ[=z+w,gd9: B ()]

Fia. 25.

They will furthermore know that the diagram of the bending
moment which is due to the concentrated ]oad gdzis represented
by the triangle a ¢ b, Fig. 26. It will thus be seen that the loading
of a beam with g dx pounds, Eq. (8), and the bending with dr =
M
£l

the value ﬁlld.b on the shape of the elastic curve is identical Wlt.b

dz, Eq. (7), are mathematically identical, and that the effect of

the effect of the load g d« on the shape of the moment-diagram.

For this reason the expression f‘[ dx has been termed “the
P El

elastic weight.” -
18. Since the elastic curve bears exactly the same relation to

the %l_[ curve which the M curve bears to the load curve, it can

obviously be obtained in precisely the same manner that the M
curve is found from the load curve, that is by drawing an equi-

librium polygon w lth % 1 as a load curve.
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The practical application of this theorem is extremely simple
and will be fully explained by applying it to the same numerical
example which has been considered above in Fig. 23.

19. Fig. 27 givesall the necessary details for the construction of
the elastic curve. The scale of the shaft is the same as before :

1 inch represents 100 inches, but for the % curve a smaller
scale than before has been chosen, namely 1 inch represents
6 -
100,000 inch. As before, the length of the beam has been divided

into twenty equal parts. Through the centre of each strip verti-
cls 1,2,3 . . .. 19,20, have been drawn. According to the

AT
e "

Fia. 26.

theory of equilibrium-polygons, the intercepts between the bottom
and top lines of the % polygon (measured on the verticals 1, 2,

. 19, 20) are to be treated as imaginary loads and to be laid
off on a load line 0 - 20 (at the left of the figure), so that

0-1 = intercept on vertical through strip 1
1 - 2 —_ [{1 {3 ' [{3 of {3 2’ etc-

The length of this load-line is the reason why a smaller scale was

selected for the o polygon.

£l
20. To construct the equilibrium polygon, take any.point O’ as
a pole, draw rays 0-0, 1-0', 2-0/,. .. .. 19-0, 20-0.

From any point a on the vertical through the left support draw
a-c parallel to 0— @, which cuts vertical No. 1 in ¢; draw ¢-d
parallel to 1 — O', which cuts vertical No. 2in d; draw d -¢ parallel
to 2— O, which cuts vertical No. 3 in e, and so on until the vertical
containing the right support is intersected in the point . Join a
to b, then the vertical intercepts between the closing line -5 and

the equilibrium polygon are to some scale the ordinates of the
9
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elastic curve. The scale depends upon the horizontal distance 7
between the pole O’ and the load line 0- 20 (called the “ pole-dis-
tance ”). For practical reasons it is desirable to obtain a polygon
whose ordinates are a simple multiple of the actual deforma-
tions.

The ordinates of the equilibrium polygon in Fig. 27 are five times
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full size. The determination of the pole-distance which furnishes
this particular scale is the only point about Mohr’s method which
requires a little brain work. To find /4, we may reason as fol-

he

. M
lows: 1 inch of the T polygon represents 100,000 ineh th

width of each of the twenty strips is 22%2 inch = 11.6 inch ; there-

AP . 6 x 11.6 6.96 .
fore a strip 1 inch high represents 100,000 = 10,000 or, in other
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(o8~ is the scale for the elastic weights. According
to the theory of equilibrium polygons, the value of the moment
(whether caused by imaginary elastic weights or by actual gravity
weights) at any point 6 of the beams is
M = II inch x scale for distances x y inch x scale for weights
in which X7 = the pole distance and

y = the ordinate of the equilibrium polygon.

21. But, as before proven, the moments caused by the elastic
weights equal the ordinates of the elastic curve or deflections 4.
Therefore we have H inch x scale for distances x ¥ inch x scale
for elastic weights = & inch.

Now, our aim is to make ¥ = 5 &, hence we obtain

words :

H= 1 inch .
5 x scale for dist. x scale for elastic weights’
. 10 000 . .
or, in our case I/ = 5100 x 6.96 = 2.88 inches, which value has

been used in Fig. 27.

As to the vertical position of the pole O, it should be placed
opposite the force representing the strip in the centre of the beam,
so that the closing line @a—b may be .approximately horizontal.

Note.—Those readers, who ere familiar with the theory of graphical statics,
will know that, if the pole O' be moved vertically up and down, the shape of

the equilibrium polygon and the inclination of its closing line ¢ — b are changed,
bat that the magnitude of its ordinates is not affected.

If it should be required to have the closing line exactly hori-
zontal, the ordinates y found in Fig. 27 may be laid off from a
horizontal axis, which is much easier and more convenient than
the scientific method of determining the correct vertical position
of the pole O'.

22. To find the directions of the tangents to the elastic curve at
the end sections of the beam, we proceed as follows: Prolong the
first and the last segments a — ¢ and g—b of the equilibrium poly-
gon (remember that a-c is parallel to ray 0—- O’ and ¢g-b is
parailel to ray 20 — ), draw verticals /-m and n—p 100 inches
distant from the verticals through @ and b respectively ; measure
Im and n p in the scale of the ordinates of the elastic curve, then
Te= £"—'and 1= L
‘7 100 > 7100
and np = 0.139 inch, which gives the angles

In our example we find Im = 0.142 inch



132 THE DEFLECTION OF BEAMS BY GRAPHICS.

g = 142 142
%~ 100 ~ 1000
q = 0189 _ 139
®= 100 T 1000°

and

23.-Comparing these figures with those which were found by
the double integration method, we see that the former exceed the
latter by about 3 per cent. As neither method is entirely free
from small inaccuracies, it is impossible to say which of the two is
nearer to the truth ; but for all practical purposes a difference of
only 3 per cent. is immaterial, because our assumptions and con-
stants include more serious errors than that. The greatest deflec-

Fie. 28.

tion is 0.95 inch as found by Mohr’s method against 0.94 inch
as found by the double integration method.

There can be no doubt that the graphical (Mohr’s) method is
much simpler than the semi-graphical method (double integration
with a planimetre). But nevertheless it does not yet represent the
highest degree of simplicity. Mr. Vianello, an Italian engineer,
has doneaway with the labor of distorting the polygon of bending
moments in the inverse ratio of the moments of inertia. Instead
he varies the distance between the pole and the load line in the
direct ratio of the moment of inertia. A simple reasoning will
prove the correctness of his method.

24. In Fig. 28 let a-b be a part of the M-polygon for some
beam. For simplicity M is assumed constant. Let /,be the mo-
ment of inertia of the beam from a to ¢ and from £ to b; let § 7, be
the moment of inertia for the portion between ¢ and f. According
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to the rules given above for Mohr’s method, the ordinates between
c and f have to be multiplied by three, which gives the M'-polygon

(or, to another scale, the }{ olygon) a-c-d-e—-f-b. The

ordinates 1, 2, 3, etc. are laid off on a load line 0- 8, as indicated
by the figures at the left of said line. The polar diagram with
pole O’ and the corresponding equilibrium polygon are drawn.
The figures at the right of the load line denote the ordinates of the

straight line @ -5, that is of the original M-polygon (or ij,f -poly-

gon). Ordinate 5’ is only one-third of ordinate 5, and it is evident
that the segment 5 of the equilibrium polygon will not be affected
by the shortening of theordinate, if we find a new pole 0", so that
5- 0" will be parallel to 5—- 0. Obviously 0" must lie on ray
4-0. If 4- 0" be made equal to one-third of 4- 0, it follows
from the similarity of the triangles 0" 45’ and O’ 45, that 5' - 0" is
parallel to 5 0. Similarly 6- 0" is parallel to 6 - 0'. Here the
moment of inertia assumes the original value Z,, hence the rest of
the equilibrium polygon has to be drawn with the original pole
distance H. Prolong 6'- 0" to the intersection O’ with the ver-
tical through pole O’; then 7'- O will be parallel to 7- 0’ and
8- 0" parallel to 8- 0.

25. But as the shape of the equilibrium polygon depends merely
upon the direction of the rays in the polar diagram, the two
methods give the same result, and the truth of Vianello’s theorem
is proven.

From the foregoing we derive the following rule for the. con-
struction of the elastic curve : Draw the polygon of bending
moments and divide it into a sufficient number of strips. Consider
each strip as an imaginary load, draw an equilibrium polygon for
these loads and vary the pole distance in the direct ratio of the
moments of inertia.

26. Fig. 29 is an application of this principle to the same shaft
which has served to illustrate the other methods. The distribation
of loads and the assumption with regard to the moments of inertia
cvincide with those of Fig. 24 and need not be repeated. The
carve under the sketch of the shaft is the polygon of bending
moments, divided by £ I,, where I, = moment of inertia at centre

of shaft. The % curve presents the smooth appearance which

is usual with curves of bending moments, in contradistinction to
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the ragged outline of the %{ curves in Figs. 23,24, and 27. The

variations in the cross section of the shaft are taken care of by cor-
responding variations of the pole distance. As Fig. 29 contains

)
~§ -
A;\'%? . ' i
————. CU : 4
1 B ’“"TEF:»- = =SSl wligm
e s ; b1l —]
S8R0 BN =y v v
——— T s e o
— U I T T —
' _TT""‘" -
™ l N 3 -
[ e R
1.22 :- ! —’4—‘—" |
T ' ] 8.897 ";‘________/_——
L
— 2
- — H
-///
p Fia. 29

many lines and is not so lucid as the previous illustrations, a
detailed description of the construction will be given.

27. Scale for distances 100 (z.e.,, 1 inch represents 100 inches)
length. of beam between outside of bearings 264 inches; width

of each strip —(} = 13.2 inches; 1 inch of Ei; curve represents

6 . . 6 x 13.2 inches
100,000 1nch” Hence a strip 1 inch high represents 100,000 inches

7.92

= 10,000
Ratio ordinates of equilibrinm polygon _ 5. therefore pole
il ordinates of elastic curve - po
distance for 7, = 16,300. '
10,000
=5 100 x 7.92
11, (for 1, = 125,700) =

which is the scale for the “ elastic weights.”

= 2.54 inches. Further,

2.5 x 125,700
16300
5.05 x 7850
16,300

= about 19.5 inches

and [, (for I, = 7850) = = 1.22 inches.
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28. In order to obtain the closing line approximately horizontal
it is advantageous to begin the equilibrium polygon near the
eentre and to work both ways, that is to the right and to the left.
The moment of inertia at the centre is 7, = 16,300 ; this seems to
all for a pole-distance of H, = 2.54 inches. But, as 7, extends
only over § of the width of the strips 10 and 11, the pole distance
mast be increased to 4, + { (H, - H,) which gives about 5 inches.
With this distance locate O’ opposite the lower end of load 10,
(anfortunately O falls outside of the limits of the illustration),
draw rays 9- ¢, 10- 0, 11- 0, and the segments 9, 10, and 11,
respectively parallel to these rays. Prolong rays 9- ¢ and
11- 0 to the intersections O, and O, with a vertical 19.5 inches
distant from the load line, draw rays O,-8, O0,--7, O,-6, and
segments 8, 7, 6 respectively parallel to them. Similarly draw
rays 0, - 12, 0, - 13, 0,'- 14, and segments 12, 13, 14 respectively
parallel to them. The intersections of rays 0,'-6 and O,'-14
with a vertical 2.52 inches distant from the load line locate two
poles O, and O, ; draw rays O,- 5 and O,'-15, and segments 5
and 15 parallel to these rays. A vertical 1.22 inches distant from
the load line is cut by the rays in 0, and in O, from which points
draw rays to the rest of the points on the load line. Segments 4,
3,2,1, 0,and 16, 17,18, 19, 20, parallel to their corresponding rays
and the closing line complete the equilibrium polygon. The latter
comes very close to the curve which was obtained in Fig. 24 and
calls for no further remarks.

29. The method which has just been treated and which might
be termed “ the multipolar method,” is the simplest and the most
rapid for draughtsmen, whose occupation requires frequent con-
structions of deflection curves; but it must not be overlooked that
men who have to deal with the deformations of beams and shafts
only occasionally are apt to lose their way among the great
number of poles and to make serious mistakes. In this case either
of the two other given methods is preferable.

30. There exist several graphical methods of integration besides
those which have been discussed in the present article, but as they
are comparatively unimportant for practical use, they will not be
explained here. While the graphical computation is particularly
well fit for the investigation of shafts, it is by no means restricted
to such, but is almost equally well suited for any other kind of
beam which is either supported at the two extremities or fixed
(built in) at one end and freeat the other. For beams of variable
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cross section which are rigidly fixed at either end, the purely
analytical calculation fails altogether and the graphical methods
offer the only possible means for the solution of problems (even
with regard to strength alone). . But, while for beams with free
ends the deflection curve for the moments of the external forces
coincides with the actual deformations, such is not the case for
beams whose ends are fixed. Here additional deflection curves
for the moments which are brought into play by the fixing of the
ends have to be drawn and to be combined with the deflection
curve for the applied loads. The application of these theorems
is extremely interesting, but it cannot very well be treated here,
because it leads too deeply into the theory of mechanics and
would take too much space. :
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FINER SCREW THREADS.t

BY CHARLES T. PORTER, MONTCLAIR, N. J.
(Honorary Member of the Society.)

1. I mave for several years felt a growing conviction that the
pitches of our machine screw threads are far too coarse, and ought
to be changed. They reduce the area of the bolt unnecessarily.
The Sellers thread made a considerable gain in this respect, but
in the larger bolts the reduction of area is still two or three times
as much as it needs to be. Again, the inclination of the thread
permits the nut to be jarred loose easily. For these two reasons,
threads of much finer pitch seem to be called for. Finer threads
will also be stronger to resist stripping, the circle on which the
shear must take place being larger. This, however, is of no prac-
tical consequence, as the strength of threads to resist stripping in
nuts of standard height is now more than twice the strength of
the bolt.

2. The gain in strength of the bolt by the use of finer threads
is shown in detail in the following table, and the reduction of the
inclination is illustrated in the diagrams. The system there rep-
resented is one that I have contemplated for my own use. Other
engineers may think it will be useful for them also.

It will be observed that fractions and odd numbers are avoided,
and that the coarsest thread is six to the inch. Sharp angles at the
bottom of threads—even the obtuse angles of 120 degrees in the
Sellers thread—invite fracture, especially in steel. A very small
arc, preserving continuity of surface, will remedy this defect. In
this system the angles will be rounded and filleted to the radius of
0045 inch.

* Presented at the New York meeting (December, 1902) of the American Society
of Mechanical Engineers, and forming part of Volume XXIV., of the Transactions.
4 ¥or further references on the same topic consult T’ransactions as follows :
No.9, vol. 1., p. 128: ** Standard Sizes of Screw Threads.” G. R. Stetson,
No. 944, vol. xxiii., p. 603: ‘ Proposed Standard for Machine Screw Thread
Bizes.” C. C. Tyler.
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The accompanying outline (Fig. 30) represents the finest thread,
twenty-four to the inch, magnified fifty times. This are, of .0045
inch radius, it will be seen, rounds this thread completely. The
bottom of the coarsest thread, six to the inch, is also represented,
on the same scale, in a dotted line. It shows the efficiency of this
arc to avoid the breaking angle in all threads. This last feature
I shall apply also to pipe threads.

3. It will be observed that in the bolts most commonly used
the increase of strength averages about 20 per cent., and that in
all the bolts above 23 inches the strength of each bolt, threaded

1
A

Fia. 80,

on the system here propoeed, will equal or exceed the strength of
the next larger bolt, threaded on the existing system.

4. The reduetion of inclination effected by the proposed system
will be best shown by the graphical method. For this purpose I
have selected the 1-inch bolt. If a right-angled triangle be drawn,
the base of which is equal to the circumference of the top or of
the bottom of the thread, and the height equals the pitch, the
hypotenuse will represent the inclination of the thread and its
length in one revolution. '

But these angles are too small for distinet illustration. I have,
therefore, drawn the following diagrams, Figs. 31 and 32, to two
scales. The horizontal scale is full size. The vertical scale is
ten times full size. In these the relation of the inclinations to
each other ecan be accurately observed. It will be seen that while
the reduction of the inclination at the top of the thread in this
bolt is.50 per cent., its reduction at the bottom of the thread is
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TABLE 1.
DIAMETERS. AREAS.
Nuxser or
TRREADS PO THE INcREASE OF
Iscu. Or At Borrom or or At Borrox or AgEs.
BowLr THREAD. Bovr. THREAD.
Pro- Pro-
Pro- Present. | posed. Square Present.| posed. Square Per
Precent. | posed. | Inches.| Inches. | Inches. | Iuches. | 8q. Ins. | 8q. Ins. | Inches. | cent.
20 24 3 J183 | 1958 .04908) .027| .08 .003 | 11.11
18 M rs .40 | .25835| .07669| .045| .0335| .0075 | 16.66
16 23 2 284 |- 3160 | .1104 .068 L0785 .0106 | 15.44
14 22 % 344 | 3785 .1508 .098 1125 .0195 | 20.96
13 20 + 400 | .435 .1968 120 (14881 .0228 | 18.09
19 20 & 454 | 4975| .2485 | .162| .1048| .0823 | 20.
11 18 # .507 | .552:5| .8067 .202| .240 | .038 | 18.81
10 18 2 630 | 6775 4417 .302 861 | .059 | 19.53
9 16 * J781 | 794 .6018 4201 495 | .075 | 18,
8 16 3 .887 | .019 7854 .560 .663 | .113 | 20.54
7 14 1% .940 [1.0815( .9940 .695 887 | .148 | 20.43
7 14 1} 1.065 |1.1565 | 1.227 895 1.051 | .156 | 17.48
(] 14 18 1.160 [1.2815] 1.484 1.06 | 1.280 | .229 | 21.68
[ 14 1% 1.284 |1.4065| 1.767 1.207| 1.655 | .258 | 19.89
5} 12 18 1.889 |1.5165| 2.0i8 1.518| 1.808 | .200 | 19.1
5 12 13 1.490 [1.6415| 2,405 1.7481 2.115 | .872 | 21.84
5 12 | 13 1.615 [1.7665| 2.761 | 2.06 | 2.45 | .400 | 19.51
4 12 2 1.712 |1.8015 | 3.141 2.306 | 2.81 006 | 219
4 10 23 1.962 |2.12 8.976 8.025 | 3.58 .50 16.69
4 10 23 2.175 |2.87 4.908 8.720 | 4.41 .69 18.54
4 10 28 2425 (262 | 5939 | 4.62 | 58 | .76 | 16.45
3 | 10 3 2.628 [2.87 | 7068 | 543 | 6.47 [1.04 | 1915
3 | 100 | 83 | 288 (312 | 8205 | 652 | 765 [113 |17.38
3} 8 3% 8.100 |3.887 | 9.621 756 | 875 1.2 15.89
3 8 8% 8 317 (8.587 [11.044 865 |10.10 (1.45 16.76
3 8 4 8.566 |3.837 [12.566 |10.00 |11.58 |[1.58 15.8
2} 8 | 43 | 8.798 |4.087 |14.186 [11.83 [18.13 |1.80 | 15.88
2 8 431 4.027 14.387 15904 [12.75 | 14.80 |2.05 16.07
2% 8 43 4.265 [4.534 [17.720 |14.20 | 16.16 |1.95 13.78
4 6 5 4.480 [ 4.784 [19.685 [15.78 | 18.00 |2.22 14.08
24 8 53 4.730 |5.034 |31.647 [17.52 (1990 |2.88 18.58
% 8 5% 4953 (5.284 [23.758 [19.28 | 2190 |2.62 13.58
% 8 53 5.208 |5.684 (25.967 |21.25 |24.05 |(2.80 18.13
24 8 6 5.423 | 5.784 (28,274 [23.10 | 28.3 8.20 13.85
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considerably more than 50 per cent. Any one who is so inclined
can compute these inclinations in each of the thirty-four bolts.

T~

L X

Fie. 81.

The above illustration seems sufficient for the purpose of my
argument. :
5. In conclusion, I take pleasure in acknowledging my obliga-

Porter
Fio. 32.

tion to Mr. H. F. J. Porter for valuable aid in the preparation of
. this paper; especially for the suggestion to round the angles of the
threads. The increasing use of steel as the material for bolts
renders this feature one of special importance.

DISCUSSION.

Mr. Charles T. Porter.—I have one word to say. Mr. John
D. Gill kindly sent me a paper read by him before the Franklin
Institute in November, 1887, on the subject of changing screw
threads, and I find this sentence in that paper, which I would
like to bring to the notice of the Society: ‘‘ Fine threads have
frequently been suggested, and your committee in 1864 ’—that
is the committee of the Franklin Institute—‘‘ gave some consid-
eration to the question, but the many objections urged against
fine threads induced the committee to reject it.”” I have never
been able to learn what those objections were, and I hope that
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the discussion may bring them out, if there are any real objec-
tions to these threads which I have proposed in this paper.

Mr. Fred J. Miller.—1 understand that when the present
standard of threads was adopted by the Franklin Institute the
question of wear was considered, and I believe it has been found
in using threads that a fine thread screw which must be fre-
quently removed and inserted and tightened up will wear much
faster than one with a coarser thread, and I think that was con-
sidered in determining the pitch of the threads selected at that
time. That is perhaps a partial answer, at least, to Mr. Porter’s
request for information as to the way the coarser threads were
chosen. They had to consider all possible points, and they chose
a standard based, I believe, on what they found to be the prac-
tice of the machine shops of the country; they then adopted a
compromise between all the various considerations. It is well
known that the present screw threads are too coarse for steel
screws, especially those which are put in place and remain there,
but it is questionable whether they are too coarse for those screws
or nuts which must be frequently removed and replaced, and
which may fail eventually by wear.

Mr. Gus C. Henning.—Another objection which was offered
at that time was this—that the dies and taps wear off just as fast
for finer threads as they do for coarser ones. This identical
wear of taps and dies will be relatively larger in the finer than
in the coarser threads, but I do not think that that will affect the
accuracy of threads for the larger sizes. Of course in the smaller
threads, from quarter-inch down, that difference in wear would
affect the fit between nuts and bolts, and it would make a very
appreciable amount, and the result would be that taps and dies
would have to be replaced much quicker. That was considered
at the time as another objection to introducing finer threads than
have been proposed by the Franklin Institute.

Mr. Porter.*—1 will state what occurs to me in respect to this
subject of wear, that if we take an inch bolt, for example, 16
threads instead of 8, the wear on those 16 threads should not be
any greater than the wear on 16 threads to an inch in a bolt § of
an inch diameter on which they are now used, and that has never
been noticed—that wear—that I know of; and if that is the
only objection I think that falls to the ground. On the smaller

* Author’s closure, under the Rules,
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bolts the threads are not materially changed. That is my an-
swer to the suggestion in respect to wear. I should say that on
the point of rounding the angle of the thread, the importance
of that has grown upon us, and I have put this sentence at the
end of the paper: ‘‘ The increasing use of steel as the material
for bolts renders this feature ’’—rounding the angles of threads
—‘“one of special importance.” I understand that steel bolts
break in the most unexpected manner on account of the square
angle.
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4 NEW OIL-TESTING MACHINE AND SOME OF ITS
RESULTS.4

BY ALNERT KINGUBURY, WORCESTEE, NMASS.
(Member of the Soelety.)

1. It has become well recognized by experimenters that there
gre two important properties of lubricating oils and greasgs on
which their value depends—viscosity and body. Viscoeity is the
property by virtue of which the lubricants form comparatively
thick films between rubbing surfaces, permitting perfect lubrica-
tion, a property which is well understood and capable of precise
messurement. Thurston early pointed out the case of perfect
lubrication as probably capable of exact mathematical treatment,} -
and Reynolds, in 1886, published an elaborate analysis of such a
case,§ with application to the experiments of Beauchamp Tower.]

2. As the result of computations from Tower’s data, Reynolds
found that the minimum thickness of the oil film and the difference
of the radii of the brass and the journal were .000375 and .00077
inch respectively, the load being 100 pounds per square inch and
the diameter of the journal 4 inches. In 1899 the writer experi-
mented with a journal 3.82 inches in diameter and 10 inches long,
bearings and journal having exactly the same radius. The chords

* Presented at the New York meeting (D« cember, 1902) of the American Society
of Mechanical Engineers, and forming part of Volame XXIV. of the Transactions.
{ For further references on the same topic see T'<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>