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RULES

OF THE

AMERICAN SOCIETY OF MECHANICAL ENGINEERS.

[Adopted November 5th, 1884.]

OBJECTS.

ArT. 1. The objects of the AMERIOAN SoCTETY OF MECHANICAL
ENGINEERS 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.

MEMBERSHIP.

Agr. 2. The Society shall consist of Members, Honorary Mem-
bers, Associates and Juniors.

ArT. 3. Mechanical, Civil, Military, Mining, Metallurgical and
Naval Engineers and Architects may be candidates for member-
ship in this Society.

AgrT. 4. To be eligible as a Member, the candidate must have been
so connected with some of the above-specified professions as to be
considered, in the opinion of the Council, competent to take charge
of work in his department, either as a designer or constructor, or
else he must have been connected with the same as a teacher.

ARrr. 5. Honorary Members, not exceeding twenty-five in nam-
ber, may be elected. They must be persons of acknowledged pro-
fessional eminence who have virtually retired from practice.

Arr. 6. To be eligible as an Associate, the candidate must have
such a knowledge of or connection with applied science as quali-
fies him, in the opinion of the Council, to co-operate with engineers
in the advancement of professional knowledge.
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Arr. 7. To be eligible as a Junior, the candidate must have
been in the practice of engineering for at least two years, or he
must be a graduate of an engineering school.

The term “Junior” applies to the professional experience, and
not to the age of the candidate. Juniors may become eligible to
membership.

ARr. 8. All Members and Associates shall be equally entitled to
the privileges of membership. Honorary Members and Juniors
shall not be entitled to vote nor to be members of the Council.

ELECTION OF MEMBERS.

ARrT. 9. Every candidate for admission to the Society, excepting
candidates for honorary membership, must be proposed by at least
three members, or members and associates, to whom he must be
personally known, and he must be seconded by two others. The
proposal must be accompanied by a statement in writing by the
candidate of the grounds of his application for election, including
an account of his professional experience, and an agreement that
he will conform to the requirements of membership if elected.

Arr. 10. All such applications and proposals must be received
and acted upon by the Council at least thirty days before a regu-
lar meeting, when the Secretary shall at once mail to each mem-
ber and associate, in the form of a letter ballot, the names of can-
didates recommended by the Council for election.

ArT. 11. Any member or associate entitled to vote may erase
the name of any candidate, and may, at his option, return to the
Secretary such ballot enclosed in two envelopes, the inner one to
be blank and the outer one endorsed by the voter.

ARrT. 12. The rejection of any candidate for admission as mem-
ber, associate, or junior, by seven voters, shall defeat the elec-
tion of said candidate. The rejection of any candidate for admis-
sion as honorary member by three voters shall defeat the election
of said candidate.

Arr. 13. The said blank envelopes shall be opened by the
Council at any meeting thereof, and the names of the candidates
elected shall be announced in the first ensuing meeting of the So-
ciety, and also in the first ensuing list of members. The names
of candidates not elected shall neither be announced nor recorded

_in the proceedings. ’
Art. 14.—Candidates for admission as honorary members shall
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not be required to present their claims; those making the nomi-
nations shall state the grounds therefor, and shall certify that the
nominee will accept if elected. The method of election in other
respects shall be the same as in case of other candidates.

AgT. 15. All persons elected to the Society, excepting honorary
members, must subscribe to the rules and pay to the Treasurer
the initiation fee before they caun receive certificates of member-
ship. If this is not done within six months of notification of elec-
tion, the election shall be void. ‘

Agr. 16. The proposers of any rejected candidate may, within
three months after such rejection, lay before the Council written
evidence that an error was then made, and if a reconsideration is
granted, another ballot shall be ordered, at which thirteen pega-
tive votes shall be required to defeat the candidate.

ART. 17. Persons desiring to change the class of their member-
ship shall be proposed in the same form as described for a new
applicant.

FEES AND DUES.

ART. 18. The initiation fees of members and associates shall be
$15, and their annual dues shall be $10, payable in advance. The
initiation fee of juniors shall be $10, and their annual dues $3,
payable in advance. A juniof, being promoted to full membership,
shall pay an additional initiation fee of $5. Any member or as-
sociate may become, by the payment of $150 at any one time, a
life member or associate, and shall not be liable thereafter to
annual dues.

ART. 19. Any member, associate or junior, in arrears may, at
the discretion of the Council, be deprived of the receipt of publi-
cations, or stricken from the list of members, when in arrears for
one year. Such person may be restored to membership by the
Council on payment of all arrears, or by re-election after an inter-
val of three years.

OFFICERS.

AgT. 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 be elected from among the members
and associates of the Society at the annual meetings, to hold office

as follows:
ART. 21. The President and the Treasurer for one year; and
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no person shall be eligible for immediate re-election as President
who shall have held that office for two consecutive years; the
Vice-Presidents for two years, and the Managers for three years;
and no Vice-President or Manager shall be eligible for immediate
re-election to the same office at the expiration of the term for
which he was elected.

ARrr. 22. 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 Le 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 have a vote therein.
His salary shall be fixed for the time he is appointed by a majority
vote of the Council.

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

Agrr. 24.  The duties of all officers shall be such as usually per-
tain 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.

ArT. 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 meet-
ings, or to perform the duties of his office. All such vacancies
and those ocenrring 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 annual meeting.

Arrt. 26. Five members of the Council shall constitute a quorum ;
but the Council may appoint an Executive Committee, or business
may be transacted at a regularly called meeting of the Council, at
which less than a quorum is present, subject to the approval of
a majority of the Council, subsequently given in writing to the
Recretary and recorded by him with the minutes. Absent mem-
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bers of the Council may vote by proxy upon subjects stated in the
call for a meeting, said proxy to be deposited with the Secretary.

ARgT. 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 mem-
bers of each Committee shall expire at the end of each year. The
Secretary shall, ex 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 there-
for. No bill shall be paid except upon their audit. When spe-
cial appropriations are ordered by the Society, they shall not take
effect until they have been referred to the Council and Finance
Committee in conference.

Art. 29. It shall be the duty of the Publication Committee to
receive all papers contributed, to decide which shall be published
in the T'ransactions, and which shall be read in full at the meetings.

ART. 80. It shall be the duty of the Library Committee to take
charge of the collection of all material for the Library of the So-
ciety, and to supervise all regulations for its use.

ELECTION OF OFFICERS.

ART. 31. At the regular meeting preceding the annual meeting
8 nominating committee of five members, not officers of the Soci-
ety, 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 ad-
dition to such regularly appointed committee, any other five mem-
bers or associates, not in arrears, may constitute an independent
nominating committee, and may present to the Secretary, at least
thirty days before the annual meeting, all the names of such can-
didates as they may select. All the names of such independent
nominees shall be placed upon the ballot list with nothing to dis-
tinguish 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 un-
derstood that the assent of the nominees shall have been secured
in all cases.

ART. 32. In the election of Vice-Presidents, each member and
associate may cast as many votes as there are Vice-Presidents to
be elected. He may give all these votes to one candidate, or dis-
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tribute 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 inclosed in two envelopes, the
inner one to be blank and the outer one to be indorsed by the
voter. No member or associate in arrears since the last annual
meeting shall be allowedfovpte until said arrears shall have been
paid.

ARrT. 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 declared
elected.

MEETINGS.

ARrT. 35. The annual meeting of the Society shall be held on
the first Thursday in November of each year, in the City of New
York, unless otherwise ordered, at which a report of proceedings
and an abstract of the accounts shall be furnished by the Council.
The Council may change the place of the annual meeting, and
shall, in that case, give timely notice to members and associates.

ART. 86. Other regular meetings of the Society shall be held in
each year at such time aud place as the Council may appoint. At
least thirty days’ notice of all meetings shall be mailed by the
Secretary to members, honorary members, associates and juniors.

Arr. 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. :

Art. 38. Any member, honorary member or associate may
introduce a stranger to any meeting ; but the latter shall not take
part in the proceedings without the consent of the meeting.

ART. 89. 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 quorum.

ART. 40. At any regular meeting of the Society thirteen or more
members and associates shall constitute a quorum.

ART. 41. Unless otherwise ordered, papers shall be read in the
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order in which their text is received by the Secretary. Before
any paper appears in the Zransactions 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.

ART. 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 Zransactions. The Secretary shall have sole possession of
papers between the time of their acceptance by the Publication
Committee and their reading, together with the drawings illustrat-
ing the same ; and at the time of such reading, or as soon there-
after 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 Zransactions, for distribution
to the members and for the use of technical newspapers, American
and foreign, which may desire to reprint them in whole or in 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.

Agxr. 43. The anthor 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. .

ART. 44. The Society is not, as a body, responsible for the
statements 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.

AMENDMENTS.

AgT. 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.
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THE opening session was called to order in the banquet hall of
the Hotel Brunswick at eight o’clock on Tuesday evening, Novem-
ber 10th. In the unavoidable absence of the chairman of the
local committee, Mr. C. J. H. Woodbury welcomed the Society and
its guests to the convention, and introduced Mayor O’Brien, of
the City of Boston. The Mayor made a brief speech of welcome, re-
ferring to the debt which his city owed to the profession of mechan-
ical engineering, and made way for General Francis A. Walker.
President of the Mussachusetts Institute of Techunology. The
President spoke warmly of his pleasure in welcoming the Society
to the Institute Buildings, in view of the special interest and activ-
ity in the course of mechanical engineering in that school, and his
salutation was most cordial. Mr, Edward Atkinson, President of
the Factory Mutual Insurance Co., followed with well-chosen ref-
erences to the benefits which successful engineering had conferred
on mankind, particularly in those places where the soil was rocky
and the ground sterile. Mr. Woodbury presented a letter of re-
gret from Governor Robinson, of the Commonwealth of Massachu-
setts, that he was prevented from attending this opening session,
ané then gave place to President Holloway of the Society, who
delivered his Annual Address.
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At the close of the Address, Messrs. S. A. Hand and A. Swasey
were appointed tellers to count the ballots for officers of the
Society for the coming year, the Secretary made some announce-
ments, and the session adjourned. Supper was served in an ad-
joining room and the evening was much enjoyed. The Boston
Society of Civil Engineers were invited to join with the Mechani-
cal Engineers, and added much to the pleasure of the evening.

SecoND Day, WEDNESDAY, NOVEMBER 11TH.

The meeting was called to order in Room 14 of the new build-
ing of the Massachusetts Institute of Technology, which had been
put at the service of the Society by the courtesy of the Trustees
and Faculty of the Institute.

The Secretary’s Register contained the following names of gen-
tlemen in attendance on the meetings, and quite a number of
ladies were also among the visitors :

Alden, George I........ .... .. I, Worcester, Mass.
Anthony, Garduer C...............ooill Providence, R. I.
Ashworth, Daniel ................. ....... Pittsburgh, Pa.
Bubcock, George H. . .......cooiiiiiiiii New York City
Bailey, E. B.....ccooiviiniiiiiiiiiiiiia, Windsor Locks, Conn.
Baldwin, Stephen W................0 ... New York City.
Baldwin, William J........... e New York City.
Bancroft, J. Sellers. .............c.. ... Philadelphia, Pa.
Bayles, James C .........ccoviiiiinn... New York City.
Beardsley, Arthur..................couei Swarthmore, Del. Co., Pa.
Billings, Charles E.......................... Hartford, Coon.
Bond, George M...........ccovviviviiin... Huitford, Conn.
Bovd, James T.................... e East Boston, Mass.
Brooks, Edwin C................cooiiil Cambridge, Mass.
Biooks, Morgan............. ..o, Boston, Mass.
Campbell, Andrew ¢! ............ ... ...l Bridgeport, Conn.
Capen, Thomas Wells....................... Stamford, (Conn
Charch, Wm. lee..........c..oviiivinnnnn. New York City.
Churchill, Thomas L........................ Boston, Muss.
Clarke. Samuel J.................ooivinns, New York City.
Cole,J. Wendell................ciivnien (lolumbus, O.
Colwell, Augustus W..............ooovnaiin New York City.
Corbett, Charles H......... e eeieeiieeeea, Brooklyn, N. Y.
Cowles, Willlam......... ...........oont New York City.
Crosby, George H.................coinenl Boston, Mass.
Crouthers, James A...............cocvveenn. New York City.
Cummings, A. G........coviiiiiiiiiiinnn Harrisburg, Pa.

Davis, IsancH.............. ... iiinet, Dorchester, Mass.
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Dean, F. WL i it iicinnens Scranton, Pa.
Deane, Charles P....vviinviiiiiii i Holyoke, Mass,
DeKinder, J. J... v iviiiiiiiiiiinnneennns Philadelphia, Pa.
Douglass, Wi, M...........ociiiiiiiinnt, Faston, Pa.
Durfee, W. F..ooovvvnr civiiiiiiieninn.n. Bridgeport, Pa.
Du Villard, Henry A..oovveiiiiiiiiienae, Providence, R. 1.
Egleston, Thomas. ..........coooiiiiaia., New York City.
Fisher, Charles H. .. ..........coviiiiiiae., Lowell, Mass.
Galloupe, Francis E...................... ... Boston, Mass.
Good, William E..............ooeiviiina Reading Pa.
Grant, J.J. .. et Fitchburg. Masa.
Grinpell, Frederick .. ................. ... Providence, R. 1.
Hall, Albert Francis .............cccviian. Boston, Mass.
Halsey, F. A....ooooiiiiiiiiiniao o v New York City.
Hammond, George W... ...... ... .... .. Boston, Mass.
Hand, S.Ashton............c.oiiiiieiinnnnn Toughkenamon, Pa,
Harmon, O. S........ .. o o Jersey City. N. J.
Harrison, Wm. H... ......... ... oiiiaet. Braintree, Mass.
Hawkins, Gardner C......ooviivrivennennnn. Boston, Mass.
Hawking, JohnT' ... ..ot iiieriienns. Taunton, Mass.
Hayes, George. ......coovviiiiiiiiiiianennn New York City.
Henderson, Alexander..........oooovua..n. Washington, D. C.
Henthorn, JohuT...........oiiiiiten. Providence, R. 1.
Higeins, Milton P...................oeel, Worcester, Mass.
il H A it it ceenanneans Boston, Mass,
Hill, Walliam. .. ... ettt iieneiennnnn. Collinsvilie, Conn.
Hoadley, J. C..oooiiniiiiiiniiii i, Barton, Mass.
Hobbs, A.C ..o Bridgeport, Conn.
Hollingsworth, Sumner..................... Boston, Mass.
Holloway, J. F.. President.................. Cleveland, O.
Holmes, George M. . ... iien, Gardiner, Me.
Hownrd, CharlesP.. ... vviiiiennnnn. Hartford, Conn.
Hutton, Frederic R., Seerctary............... New York (ity.
Hyde, Chatles E..........cooiiviiiiiinann, Bath, Me.
Illingworth, Joseph J...... ..o, Utica, N. Y.
Jacobi, Albert H............coiviivnnan. ...Newark, N. J.
Kent, William............................. New York City.
Kettell, Charles W ...ttt Charlestown, Mass,
Lunza, Gaetano ............ccvvvennvnrnnn. Boston, Mass.
Lewis, Wilfrted. ..........c.c.iit tivvnnnn. Philadelphia, Pa.
Livermore, Charles W. .. ... .. i L, Bostoun, Mass.
Main,Charles I, .cvn it ieiieeann, Lawrence, Mass.
Manning, Charles H........................ Mauchester, N. H.
Martens, Ferdinand................ ........ College Point, N. Y.
May,DeCourcy......ooovvviinniiinnninnnnn Philadelphia, Pa.
Miller, Alexander .......... veeeeieneree....New York City.
Miller, Horace Boovvrveriiiiniinnernnennnn. New York City,
Mocre, Chiarles A, ... ..oiiiiiiiininnnnn.. New York City.
Morgan. Charles H......... ... ... ...oaee. Worcester, Mas-.
Mudge, Benjamin C.................c...eet Boxton, Mass.

Murphy, Edward J.........oviiiiinnnnnnnn Hartford Conn.

(514
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Murray, 8. W ..., ittt Milton, Pa.
Norman,George H...................c.000 Boston, Mass.
Parker, Charles H........................... Boston, Mass,
Parker, Walter E........................... Lawrence, Mass.
Phillips, Franklin. ........................ Newark, N. J.
Powel, Samuel W .........ccovvvnven.. . Hartford, Conn.
Pusey, Charles W..........coviiiiiniinnnnen Wilmington, Del.
Raynal, A. H......c.ooiiiiiiiiiiiiiininnn, New York City.
Richards, Charles B...............cc....... New Haven, Conn.
Robinson, 8. W, .. ... ..ciiiiiiiieiiannnnnns Columbus, O.
Root, J. B oviiv ittt iiiiea i Greenpoint, N. Y.
Sancton, Edward K. ........................ Scranton, Pa.
Sanderson, Richard P. C................... Roanoke, Va.
Schleicher, Adolph W....................... Philadelplia, Pa.
Schulmann, George............c.covvvveennn Reading, Ia.
Schwamb, Peter..............coooiiiiian... Boston, Mass.

See, Horace.........oviiiviiiniiiiiinnenn, Philadelphia, Pa.
Sheldon, Thomas C..........cccvvvernnnrennn Boylston, Ma<s.
Smith, C.A. ...t Pawtucket, R. I.
Smith, Oberlin.......covviiiieiiniiiiinaes Bridgeton, N. J.
Smith, Sidney L...................c..olh Bostor, Mass.
Spell, Henry I ooiiiiiiiiiiiiiii e Philadelphia, Pa.
Soule,Richard H.................... ....... Frankfort, N. Y.
Spies, Albert.........oovviiiiiiiiiiiiananna New York City.
Stearns, Albert...........coiiiiiiiiiiiian e Brooklyn, N. Y.
Stone, Josepli.......coeeiiiiiinrnnne caannes Lawrence, Mass,
Stratton, E, Platt............................ College Point, N. Y.
Swain, George F.............cooiiiiiiiian Boston, Mass.
Swasey. Abrose..........ccieeiiiennaens o Cleveland, Ohijo.
Sweet, John E..........ciiiiiiiiiviiinnnnn, Syracuse, N. Y.
Thurston, Robert H...............0vivuean... Ithaca, N. Y.
Tilden, James A........c.covvevinnennnnnnnnnn Boston, Mass,
Towne, Henry R...............ciiiiiiiian. Stomford, Conn.
Uehling, Edward A.......................... Bethlehem, Pa,
Upson, Lyman A.............coiiiiniinennns Thompsonville, Conn.
Vanderbilt, Aaron.....................o.hel, New York City.
Ward, W. E. ..o ittt ienenaeanns Port Chester, N. Y.
Warren, B. H.......coooiiiiiiiiiiiiieeannes Boston, Mass.
Webber, Samuel.............cccoiiieeeniennn Lawrence, Mass,
Webber, Willinm Oliver............ eireeeeas Lawrence, Mass.
Webster,John H........ et aes Boston, Mass.
Weeks,George W...........oovviiiinniennnn. Clinton, Mass.
Wellman, 8amuel T............cccvvvvinnnnn. Cleveland, O.
Wheeler, Frederic M...............ccoo0 o0 New York City.
Wheelock, Jerome. ........ccoeeeevinennnnnnnn Worcester, Masg.
Wightman, D. A..............coivveiinnnnnn. Pittsburgh, Pa.
Wiley, William H.................cocviinnne. New York City.
Wood, Walter........cooviivuriieninnivnnenns Philadelphia, Pa.
Woodbury, C.J.H............cevtint cunen Boston, Mass.
Worthington, Charles C...................... New York City.

Wright, J. Q.evvi i Fitchbuarg, Mass.
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The Secretary read the Report of the Council to the Society as
follows :

The Council would present the following Report of its Tellers:

New Yorg, Nov. 4, 1885.

The undersigned, who were appointed a committee of the
Council to act as tellers to count the ballots cast for or against
each of the persons proposed for membership in the Society
of Mechanical Engineers, to be voted for previous to the
annual meeting, 1885, hereby certify that they have met this
day at the office of the Society and proceeded to discharge their
duties.

There were cast in all 272 ballots, but one ballot was thrown
out because of informality, the name of the member voting not
having beea affixed, and all the persons whose names appear
on the following list were duly elected in accordance with the

rules to their respective grades.
: CrARLES T. PORTER,

WiLiay H. WiLEy,
Tellers.

MEMBERS,

Allderdice, Winslow.

Brooks, Morgan.
Christie, James.
Cremer, James M.
DeArozarena, R. M.

Hartshorne, Wm. D.

Hunt, Charles W,
Jenkins, W. R.

Babbitt, 8. 8.
Dent, Edward L.
Norris, Robert V, A,

Main, Chas. T.
Miiller, Maurice A.
Nicolls, Wm., J.
Parker, Charles H.,
Rommel, Chas. E.
Sprague, Wm. W,
Tilden, J. A.

JUNIORS.

Rowland, Charles B.
Williams, Harvey D.

PROMOTION TO MEMBERSHIP,
Warrington, James N., Jr., A, 8. M. E.

Bacon, Earle C.

ASSOCIATES.

Campbell, Andrew C.
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The Council therefore report the following summary of the
membership :

Honorary Members . ....oiiiiiiiiiiiiiiiiiiiiiiiieeians 11
Life e ittt teeeeieciiee e et 5
MemberB. ... e i i e e e ittt aaaa 532
ASBOCTRLOR. . .. it v ittt ettt it a e 24
Y03 P 27
Total. ..o i, 599
Increase at this meeting:
Members......ccoviiiiiiii i e 15
Ass0Cintes. . ... . i i it i, 2
T T 3
— 22
Total ....c.ovvvniniiiiie tiiiiieeee 0621

The losses by death since the last annual meeting have been as
follows :

J.H. Burnett. .. ... ... . New York.
Horace Lod. ... ... ..o Hartford.

Heuri Tresca (Honorary Member).. ............... Paris.

Henry H. Gorringe. ............oiiiiiviinnnnn, New York.
Wilber II. Jones . ... ivviiiniiiiiiiens civnnn Wilmington, Del.
Willinm Cleveland Hicks............... e New York.

A total of seven.

The addresses of Messrs. Willard B. Roberts and Norman W.
Wheeler are unknown to the Sceretary, letters to their former
addresses returning unopened and indorsed “ not found.”

Since the report made by the Council to the Society at the
XTth Meeting in May, 1885, the sessions of the Council have been
occupied with routine business, receiving reports of the standing
committees and serutiny of applications.

The Secretary has been directed to prepare suitable memorial
notices of members deceased during the society year, for publi-
cation in the Transactions.

The Council has directed that members delinquent in dues at
the end of the Society year, who take no notice within thirty days
of communications apprising them of their indebtedness, shall be
considered as not caring to retain their membership and shall be
dropped from the roll, under Art. 19 of the rules.

The following resolution is reported to the Society :
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Rexolved, That the name of General Francis A. Wulker be placed on the next
ballot-list as a candidate for honorary membership of the Society.
Respectfully submitted,
By the Council.

The Secretary then presented the reports of the Finance Com-
mittee and of its sub-committee, which examined the books of
the Society. They were as follows:

REPORT OF THE AUDITING COMMITTEE.

The sub-committee appointed by the Finance Committee of
the American Society of Mechanical Engineers to examine the
books of the Society and to audit the accounts of the Treasurer,
would beg leave to make the following report :

They met pursuant to an agreement at the office of the Society
on 4th November, 1885, and the account books, vouchers, etc.,
were submitted to them. They find that there was:

Received from Charles W, Copeland, retiring

Treasurer, November, 1884 .. .............. §751 03
Receipts to November 181, 1885................ 8,822 33
——— $90,573 36
The total disbursements ending November 1st,
1835 v e 8,783 93 8,783 93
Leaving a balance on haud.... .......... 2789 43

Of this balance, $600 stands to the credit of the Society in the
Bleecker Street Savings Bank, New York City, on account of sub-
scriptions to the Library fund, and $189.43 is cash in hand in
the possession of the Treasurer, as by the bank-books submitted.

The total receipts above noted are to be apportioned among
the following accounts :

Annual Dues ... i e e 5,547 00
Badge Account. ....... ...l 135 96
Binding . 582 14
Engraving Account.. .......... ... oo e 128 85
Ivitiation Fees... ...... ... ... iiiiiiiiiiivnnnnnnn. 1,005 00
Librery Permanent Fund.......... ...t 435 66
Library Expense Account............ooovvvivivieennnn 164 00
Bales Account ........ i it e e 998 06
Profit and Loss. ...t 26

$8,822 38
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The disbursements during the same period are classified as
follows :

Binding Account.......ooviiiieiiiiiiiiiii e $335 50
Expense L.ttt 1,097 &5
Eugraving ¢ ...ttt 1,099 40
Farniture and Supplies ...........c.coiiviiiiiil 74 31
Library Expense Account..........cocvevvnieenenennnnas 12 75
Meetings......oooiiiiiiiiiiniiiieiiiiiies cerieana. 621 25
PoBIAge. .. it i e e a s 180 65
Printing of Transactions...........c..cviiiiiiiiennnnnn 2,705 18
General Printing and Stationery ........................ 746 64
Salaries ....... ... i ceeiie i 1,870 00
Traveling Account............ccooviiiiiiiiiiinnneennnn 40 39

$8,783 93

Respectfully submitted,
STerHEN W. BALDWIN,
TrReDERICK M. WHEELER,
Commillee.

The Finance Committee, in submitting this report of its sub-
committee, would call the attention of the membership to the fact
that the expense of the volume which has been just issued has
much exceeded the cost of any preceding volume, both in size and
in number of illustrations. They would also mention that there
is still $642.22 due from members who have not paid what they
owe to the Society for the year just closing. It is hoped that the

-great bulk of this is collectable, but the Council has been notified
of this delinquent list, and has directed that the rules in respect to
non-payment of dues be enforced in those cases wher¢ the non-
payment seems to be the result of indifference. There are a
number of bills which have been incurred for this meeting which
have been audited by the Committee, but do not appear in the
above enumeration ; others also have not, as yet, been presented,
but as these are chargeable to the income of the coming year
they are not embodied in the accounting.

Respectfully submitted,
By the Finance Committee.

Mr. Towne—On behalf of the Council I would like to say, in
connection with the report of the Finance Committee that has just
been read, that, as emphasized in the report of the sub-committee
to that Committee, there is a somewhat serious question before us
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as to ways and means. The expenses of last year have been in
excess of the income of the Society. That fact is wholly accounted
for by the unusual size of the volume just issued, which consists
of more than nine hundred pages, whereas in any preceding year
no volume, I believe, has exceeded more than half that size. The
value of the volume to the membership is beyond question. No
volume of equal size and containing material of equal value is pur-
chasable, I believe, in any way, for any such price. The member-
ship pays ten dollars a year, and has in return for that the priv-
ilege of attending our meetings, of getting advanced copies of
papers discussed there and of receiving this volume. The actual
cost of printing, of preparing the engravings, and of binding that
volume amounts to more than one-half of the present income of
the Society. In other words, for every dollar a member pays into
the treasury of the Society, more than fifty cents is expended for
printers’ and engravers’ bills, and it comes back to the member in
the book received. A large part of the other expenses—the salary
of the Secretary and his assistant, and our office rent and other
incidental expenses—are necessarily parts of the preparation of
our book, and should be included as part of the cost. It is within
bounds to say that, of every dollar paid into the treasury, each
member thus receives back seventy-five cents.

The question has been discussed in the Council as to how the
deficiency thus arising shall be met, if it is to be a continuing
one. If that were the case, of course there is but one answer.
The expenses of the Society must be reduced to meet its income,
or its income must be increased to meet its present rate of ex-
penses. There is one way, however, in which the question can be
evaded, and which we hope may become operative, namely, an in-
crease of the membership. At present the cost of preparing this
large volume is borne by a membership of about six hundred. The
cost of preparing a volume for a membership of a thousand would
be very little more, and distributed over a larger membership, the
expenses would be easily borne and met out of our present rate of
dues. For this reason and for the promotion of the prosperity of
the Society in every way, it is exceedingly important that every
member should do his utmost to increase the membership by bring-
ing in desirable candidates for election, and in that way to extend
the usefulness of the Society, enable us to maintain our present high
standard of efficiency, and maintain also the present perfect manner
of preparing and editing our volumes, and yet accomplish all this
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without increasing the amount of our annual dues. This can be
done if each member will do his best to increase our membership
during the coming year by presenting desirable names for elec-
tion.

The President—1In supplementing briefly what Mr. Towne has
so well said, I may add that as the bound copies of the Transac-
tions of the past year have not as yet been presented to the mem-
bers of the Society, of course very few of those who are to receive
them in this form know the extent or value of the volume you are
awaiting. Being in our Secretary’s office not long since, he said
to me that we must either do less talking, and have fewer papers
than at our last meeting, or we would bankrupt the Society. I
think there are none belonging to the Society who would wish
either of those things to be curtailed in the least. Our Transac-
tions are certainly exceedingly creditable, and I am quite sure that
there is no member of this Society who would feel that we ought
to curtail in that respect. 'We make it a point, and one of which
we have reason to be proud, I am sure, that in so young a society
as this, we have in so few years arrived at a point where the pub-
lished Transactions are not only very large, but very valuable;
and it gives me great pleasure to acknowledge how well and how
carefully they have been edited. The suggestion made by Mr.
Towne is certainly a very good one, that all these increased ex-
penses may be met by a further increase of membership. There are
yet abroad in this land many men who, by reason of their experi-
ence, knowledge, and mechanical attainments, are eligible as mem-
bers of this Society. It is desirable that such persons should
become members, and every one here knows of at least one or
more acquaintances whom he would deem to be entirely satisfac-
tory as a candidate, and it would be well for every one to make of
himself a committee of one, for the purpose of soliciting such per-
sons to become members of the Society.

While speaking on this subject, I simply want to say (not be- -
cause there has been any occasion for any such remark), that in the
broad and liberal spirit in which this Society has been organized
and carried on, there cannot be any one who would permit any
personal spite or ill-will to operate against a gentleman, which
would prevent him from voting for him as a member, if otherwise
eligible. We certainly want no one as a member who is not prop-
erly qualified, but it would certainly be a misfortune if any personal
matter should be allowed to come into any election of candidates.
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There are many not now members who would be an honor to the
Society, and who, I dare say, would be glad to join, if their names
were solicited.

The Secretary read the Report of the Library Committee as
follows :

REPORT OF THE LIBRARY COMMITTEE, AMERICAN SOCIETY OF
MECHANICAL ENGINEERS.

November, 1835.

In accordance with the resolutions adopted at the last annual
meeting of the Society, active measures have been taken for the
creation of a library in the manner recommended by the report
of the Committee submitted at that meeting.

To this end, the Secretary issued a circular to the membership
explanatory of the proposed scheme, and soliciting contributions
in any of the three following forms, viz. : ,

(a) Special subscriptions, to a permanent fund, of $10 and up-
wards. (Payable in installments if preferred.)

To this there have been responses from 23 members, whose
subscriptions aggregate $613.40.

(/) Annual subscriptions of $2.00 payable at the same timo as
the annual dues. '

To this there have been responses from 83 members, whose
subscriptions for the current year have amounted to $169, includ-
ing one subscription of $5.00 per annum.

(¢) Direct contributions of books and papers relating to
mechanical engineering.

To this there have been responses from 3 members, the contri-
butions from whom are enumerated below.

There has thus been subscribed to the Library Fund, during
the past year, $782.40 in money, and certain books and papers of
value. This commencement is highly encouraging, and indicates
that the subject has attracted the interest of the membership, and
that it is a question of time only when the Society can be pos-
sessed of a library of mechanical engineering equal, if not supe-
rior, to any in the country, and of corresponding interest and value
to its members.

The method of obtaining funds by means of a small addition
to the annualsdues, made voluntarily by members desirous of
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promoting the growth of the library, has proved highly successful.
It is hoped that this plan will still further commend itself, and
that the list of annual subscribers to the Library Fund will, before
long, include all of the members whose circumstances make it
convenient for them to assist in this important matter by the
small increase of $2.00 in the amount of their annual subscrip-
tions. The committee would also urge upon the members the
importance of sending to the Secretary copies of books, reports
and other engineering papers of which the members of the So-
ciety may have been the authors, so that the library may include
o complete file of all such productions by members. In this con-
nection it may be mentioned that a contribution of any, or all, of
Vols. L to XIL, and Vols. XXVIIL to XXXIII., of ENGINEERING,
would be particularly acceptable, as completing the file already
belonging to the library.

Appended hereto are detailed lists of the contributions to the
library during the past year. The Committee begs to call the at-
tention of all members to the value and importance of the work
which has thus been so favorably commenced, and earnestly to
solicit their continued co-operation in the future.

Very respectfully,
Hexry R. TownE,
C. J. H. WoobpBURY,  Commitlee.
F. R. Hurroy,

CONTRIBUTIONS FOR THE MAINTENANCE OF A LIBRARY FUND.

Bartol, B. 1l .......... $10 00 Sellers, Coleman...... $10 00
Bauer, Charles A...... 10 00 Smith, Oberlin........ 25 00
Church, Wm, Lee..... 50 00 Stockly, G. W......... 10 00
Copeland, C. W....... 50 00 Thomas, Joln ........ 10 00
Couch, A.B ......... 100 00 Towne, H. R..... .... 100 00
Fritz, Jobhn .......... 10 00 Townsend,D.......... 10 00
Gordon, F, W.... .... 10 00 Ward, W. E.......... 10 00
Hand, S. A........... 10 00 Whitaker, Ezra....... 15 00
Hollingswortlh, S...... 50 00 Wood, Walter........ 10 00
Holloway, J. F........ 25 00 Woodbury, C. J. H.... 50 00
Murray, 8. W _....... 10 00 _
Morgan, Chas, H...... 8 40 $613 40
Norman, Geo. H ...... 25 00

DUES INCREASED ANNUALLY BY $5.00 FOR THE BENEFIT OF THE

LIBRARY FUND.
Robert H. Tharston. .
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MEMBERS WHO HAVE INCREASED THEIR DUES BY $2.00 FOR THE
MAINTENANCE OF THE LIBRARY FUXND.,

Babccock, Stephen E.
Bailey, R. W,
Baldwin, Willinmn J.
Berguner, Theodore.
Pond, George M.
Booraem, J. V. V.
Boyd. James T.
Brown, Alexander E.
Burdsall. E, Jr.
Bushnell, R. W.

Capen, Thomas W,
Cheney, Walter L.

Church, William Lee.

Cole, J. W,
‘opelund, Geor;re M.
Cushing, George V.

Danforth. Albert W.
Davis, E. F. C.

Day, F. M.

Deane, Charles P.
DeSchweinitz, P. B.
Dixon, Charles A,
Dobson, W. J. M.
Donovan, William F.
Duncan, John.
DuVilla:id, H. A.

Edison, Thomas A.
Ewmery, Charles E.

Francis, W, II.

(ardner, E. LeB.
Geer, James H.

Halsey, Fred. A.
Hawkins, John T.
Henning, G. C.
Hewitt, William.
Hillman, Gustav,
Hoadley. J. C.
Hobbs, A. C.
Hollingsworth, 8.
Holloway, J. F.
Hugn, T, W.
Hunt, R. W.

Johnson, (. R,
Juhnsn, Lewis.

1
1

Kirby, Frank C.
Knight, Charles A,

Lipe, Charles E.
Loiseau, Emile F.

Magon, William.
Mattes, W, F.
Moffut, E. 8.
Morgan, T. R., Sr.

Nason, Carleton W,

Patton, William H.
Payne, David W.
Perry. W. C.
Porter, Charles T.
Porter, H F. J.
Pratt, F. A,

Randolph, L. 8.
Reed, Edward M.
Renwick, E. 8.
Robinson, George 1.
Robinson, 8. W,
Roby, Luther A,
Root, John B,

Scheffler. F. A.
Schwamb, Peter.
Scranton, W. 1.
Smith, Oberlin.
Smith, William F,
Soule, R. H.
Sperry, Charles,

Tabor, Harris.
Upson, L. A.
Vanderbilt, A.

Waterman, J. 8.
Webster, Hesea.
Weeks, George W,
West, Thomas D.
Wheeler, Herbert A,
Whiting, 8. B.
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From
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CONTRIBUTIONS OF BOOKS TO THE LIBRARY.

Charles W. Barnaby. Salem, Ohio :
G. Weissenborn’s American Engineering, complete.

From John H. Cooper, Philadelphia, Pa. :

From

Eugiveering, volumes 13 to 26, bound.
“ . 27 and 28, unbound.
Eugineer and Machinist’s Assistant. 2 volumes.
Railway Locomotives. 2 volumes. D. K. Clark.
American and European Railway Practice. Holley.
Catechism of the Stearn Engine. Bourne.
Hand-book of the Steam Engine. ‘¢
The Steam Engine, and Machivery and Mill-work. Rankine. 2 volumes.
Technical Dictionaries, English, French and German. 8 volumcs.
Weisbach’s Mechanics of Engincering.
Engineering Precedents. 1sherwood.
Life of Fulton. J. F. Reigart.
Miil-Geering. Thomas Box.
Boiler Chimneys. Wilson.
Compound Engines. Turnbull.
Boiler Exp'osions. Robinson,
Land and Marine Engines and Boilers (plates). Burgh.
Thomas D. West :
Modern Foundry Practice.
The Moalder’s Guide.

From J.ocal Committee of the Boston Meeting :

King’s Hand-book of Boston.

LIST OF EXCHANGES.

Zpravy Spolku Architektu a Inzenyru. Prague.

Ingeniors-Foreningens Forhandlinger. Stockholm.

Mining Institute of Scotland. Hamilton.

North of England Institute of Mining and Mechanical Enginecring. New-
castle.

Institute of Mechanical Engineering of Great Britain. ILondon.

Iustitute of Civil Engincering of Great Britain. London.

Institute of Civil Engineering of Ireland. Dublin.

The Mechanical World. London.

Engiveering. Loudon,

The Engineer. London.

Iron. London.

Electrical Review. London.

Master Car Builders’ Association. New York.

Engiveers’ Club of Philadelphia. Philadelphia.

Engineers’ Society of West Penn. Pittsburgh.

United States Naval [nstitute. Annapolis,

Franklin Institute. Philadeiphia.

American Society of Civii Engineers. New York.

American Institute of Mining Engineers. New York.

Associated Enginecring Societies. New York.
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American Journal of Railway Appliances. New York.
Electrical Review. New York,

Chicago Journal of Commerce. Chicago.
Boston Journal of Commerce. Boston. -
Industrial World. Chiecago.

American Engineer. Chicago.

Manufacturers’ Gazette. Boston.

American Machinist. New York.

Mechanics. New York.

Railroad Gazette. New York.

Eugineering and Mining Journal. New York.

—_————

The Report of the Tellers being next in order, that report was
read as follows by Mr. Hand :

REPORT OF THE TELLERS,

The tellers appointed at the meeting last evening have to re-
port that they have finished the duties assigned them, and report
the ballot as follows. 'Whole number of votes cast, 324 :

PRESIDENT.

Coleman Sellers........ ....... e teiere ssseeseestesasrennn 822
Scattering ... ..ooiviriiiiiiiniiiiiiiiiii i, ceeeae 2
VICE-PRESIDENTS.

Olin Landreth. . ... ooviiiiiiiiiiiieaiereeeeenenncensnaas 818
Horace See.....ccocvveeiinineeeiiiinineiiereienassvenaonnans 830
Charles H. Loring .. ...coivviiiiiiiiiiiiiinriinneaenn. 831
Allan Btirling...............cooill e eeteeiiiiii e, 808
Scattering ....oooviiiiiiiiiiiiiii ittt i iiae s 2
MANAGERS.

Hamilton A, Hill.....ooiiiiiiiiiiii ittt iniiieneenaes 818
William Kent.......coiiiiiiiiiirnieretareeiennenneneen . 818
SBamuel T. Wellman. ...uvivieniiiinneriianrenenneeiannennns 884
Scattering. .. .oviiiiiiiniiieiiiiiiiet cerarr et eien e, 2
TREASURER.

William H. Wiley.......oovviiniiiiiiiiiir i iiniannnnanas 822
Beattering. .....ovitiii ittt it i et aaan e 2

S. AsaToN Hanb,
AMBROSE SWASEY,
Tellers.

After a few pleasant words by President Holloway, expressing
his pleasure in the result of the vote, and his regret that the

President-elect was not at the session, some further announce
2
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ments were made and the reading and discussion of papers was
begun.

Professor John E. Sweet, of Syracuse, read the first paper on
“The Unexpected which Often Happens.”

Messrs. Towne, Bond, Durfee, Rogers, Hammond, Ashworth,
and O. Smith took part in the discussion.

Mr. Samuel Webber, of Lawrence, presented the next paper
on “The Frictional Resistance of Shafting,” and Messrs. Hen-
thorn, O. Smith, Babcock, Schuhmann, and Towne spoke on the
subject.

The Secretary read Mr. Barrus’s paper on “ A New Form ot
Calorimeter.” Messrs. Babcock, Lanza, Thurston, and Rogers
participated in discussion.

After some announcements by the Secretary the session ad-
journed. _

The afternoon was devoted to an excursion to the Improved
Sewage Works of Boston, tendered to the Society by the City.
Conveyances bore the party to the steamer J. Putnam Bradlce, at
the wharf near the South Ferry, and they were thence taken first
to the pumping station, where the Leavitt and Worthington
pumps are installed. After an hour here the steamer went over
to Moon Island, where are the reservoirs in which the sewage is
stored, to be released only on the ebbs of the tides. The trip
concluded by a complimentary dinner, tendered also by the city,
at the Parker House. Mayor O’'Brien presided, and a number
of city notables were in attendance. This excursion, not being
particularly congenial for the ladies of the party, they were enter-
tained at lunch and for the afternoon at the house of Mrs. Gen-
eral Francis A. Walker. The time of the evening session was
somewhat curtailed by the formalities of the dinner, but time was
found for the joint paper by Messrs. Trowbridge and Richards,
entitled “The Rating of Boilers by Horse-Powers for Commercial
Purposes.” Messrs. Babcock, Kent, Webber, and Thurston took
part in its discussion.

After announcements the session adjourned at a late hour.

TaIrD Day, THURSDAY, NOVEMBER 12TH.

The Society convened again at half-past nine. The Secretary
read a series of resolutions passed by the Council at a recent
meeting to expedite the presenting of papers. They were as fol-

lows:
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‘“Resolved, That to facilitate the discussion of papers and the dispatch of busi.-
ness the following rules are adopted :

1. That members speaking in reply to papers shall have priority to the ioor
in the order in which they notify the Sscretary of th-ir intention to speak.

2. That members who have reduced their remarks to writing shall be entitled
to not exceeding ten minntes at one time, and that all others speaking in discus-
sion shall be limited to not exceeding five minutes at one time.

3. That no member having thus had the floor shall again claim it until all
others who desire to speak shall have had opportunity to do so.”

It had been decided to spend an bour at this time in Topical
Discussions. Ten of these topics were brought up, and received .
discussion by Messrs. Emery, Church, Towne, Lanza, Durfee,
Banecroft, Bond, Stetson, Powel, Soule, Baldwin, Kent, Schuh-
mann, Phillips, and O. Smith.

At the expiration of the hour the Secretary read a paper by
Mr. Thorne, of Philadelphia, on “ Twist Drills.” Messrs. Stet-
son, Hawkins, O. Smith, and Bond took part in the discussion.
The paper by Mr. F. E. Galloupe, of Boston, on “ Rapid Transit
and Elevated Railroads,” giving a description of the Meigs Ele-
vated Road, was next read, and was discussed by Messrs. Durfee,
Kent, Halsey, Schuhmann, and Hutton, and the paper on “ The
Basic Bessemer Process,” by Professor Thomas Egleston, of

New York, was discussed by Messrs. Holloway, Kent, and Durfee.

At this point Professor Ianza presented his two papers, on
“The Course in Mechanical Engineering at the Massachusetts

Institute of Technology,” and on “A Series of Experiments on
the Transmission of Power by Belting.” He also presented Pro-
fessor Peabody’s paper on “ Steam Engine Tests” in the labora-
tory of the Institute of Technology. These received no discus-
sion, but were presented previous to the hour assigned for a visit
to the mechanical laboratories of the Institute. An hour had
been chosen at which the students would be engaged in their
regular work there, and the methods and appliances were ex-
smined with interest.

The President, in calling the session to order at three o’clock,
presented a telegram announcing that illness would prevent Prof.
Rogers from presenting his paper on “ The Microscope in the
Workshop.” It was presented by title only, and the microscopic
caliper was examined afterward by those interested, but without
exhibition. The second paper was that of Mr. William Hill (Col-
linsville, Conn.) on “The Crystallization of Iron,” which had
printed discussions by Messrs. Hutton and Thurston, and Messrs
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Egleston, Hawkins, Durfee, Sanderson, Webber, Kent, Nicholson,
Sweet, Cole, Stetson, Crouthers, and Harrison took oral part.

Mr. George M. Bond, of Hartford, presented a paper on
“ Standard Pipe and Pipe-Threads,” illustrated by samples to
show the necessity that some action be taken to correct the pres-
ent state of divergence in practice. Messrs. Schubmann, Grin-
nell, Baldwin, and Stetson spoke in the discussion, and finally
Mr. Kent made the following remarks:

Mr. Kent—Reference has been made to the difficulty of con-
necting the American system with the English. I would mention
the fact that in the experience of the Babcock and Wilcox Com-
pany they had to send a complete set of pipe-fitter's tools to Eng-
land for the use of their European branch. They find that the
standards in England and on the Continent are worse than they
are in this country in regard to irregularity. I do not know that
we can help the matter by discussing it any further. As I have
had a sad experience recently as a member of one committee of
the Society, and as I would like to see somebody else subjected
to the same punishment, while declining to serve on a committee
myself, I move for the appointment of a committee to consult
with pipe-makers and users, and the makers of pipe-taps and dies,
and investigate the subject of standard pipe-threads. The com-
mittee might correspond with those similarly interested in foreign
countries also, and may be enabled thus to report on a standard
system which may be adopted in all English speaking countries.

The motion was duly seconded by Mr. Oberlin Smith as fol-
lows:

Mr. Oberlin Smith.—I heartily second this motion. I had con-
siderable experience in a pipe mill in my younger days, and I
know the evils of the present non-standards. I do not think we
can do a more important work than to go on in this line, and I
suppose the first thing is to appoint this committee. I suppose
they should deal with oil pipe and brass pipe while about it. All
we can do now undoubtedly is in our own country.

The President.—Will Mr. Kent make a suggestion as to how
this committee should be appointed ?

Mr. Kent.—The committee, I think, should be appointed by the
chair, but I would suggest that it should include men representa-
tive of pipe manufacturers and of pipe users, with perhaps one
representative of the sprinkling system and certainly one of the
manufacturers of taps and dies.
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The motion was then put and carried. The President subse-
quently announced the committee as follows :

Mr. FrederickGrinnell............c..ceiiiiiiinniinn. Providence.
 QGevrge Schubmann...........ccoieiiierniinanann, Reading.

“ Wm.J.Baldwin.......coive ciniiiiiiiiierineana. New York.
“ B.H WAITeN. .. .covvtviinceiioteeecenscasnsons Bostou.

“ Geo.M Bond............... PN New York.

At this point Prof. Egleston, Chairman of the Committee of the
Society on Uniform Methods of Test, presented his report as fol-
lows:

Prof. Egleston.—The Committee has been actively at work
since its appointment a year ago and wishes now to report pro-
gress. In a very short time we shall have prepared a uniform
method of recording tests that will be proposed as a tentative
one for reporting all tests. Your Committee has made a large
number of experiments with a view of determining what is the
best method of testing and also the best method of making test-
ing-pieces, but they are not yet prepared to report on the subject.

The Committee hope soon to report the tentative method of uni-
form recording of all test observations. We find on discussing
this subject with those persons who test in this country and abroad,
that there is no uniform method of recording operations, and that
the first thing required to be done is to have such a method.
Your Committee therefore beg to report progress and to ask to be
continued.

Prof. Eyleston.—The Committee on the United States Testing
Commission wish to report that, as they reported last year, the bill
bas again failed to pass Congress, but that they are not discour-
aged. Tt is a very curious thing that while a very large majority
of all the members in the House and Senate are in favor of this
bill, because, as the members say to me repeatedly, there is no
politics in it, it cannot be brought before the House. Y our Com-
mittee is now endeavoring to get some politics in it, if possible,
and hopes by this time next year to be able to report considerably
more progress.

The hour being already late, the paper by Mr. Wilfred Lewis,
of Philadelphia, on “Experiments on the Transmission of Power
by Gearing,” was read in abstract and discussed by Mr. Towne,
and the paper by William Cowles, of New York, on “ Improve-
ments in Ferry-Boats,” was also presented in brief The paper
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by Wm. J. Baldwin, entitled ¢ Notes on the Comparative Values
of Metal Surfaces for Warming Air,” was presented by title
only.

In the evening of Thursday, a reception was tendered to the
Society by the Boston Art Club, in the club house of that organ-
ization. It was a brilliant and successful affair, and muck appre-
ciated and enjoyed.

Fourrn Day, Fripay, NoveMBEE 13TH.

This day was devoted to excursion. A special train, tendered
by the courtesy of the Bostou and Lowell Railroad, left the station
at 9.30 for East Cambridge. A stop was made here for an hour
at the works of the Meigs Elevated Railroad Construction Com-
pany. Here a model was exhibited and run, and an inspection
was given to the full size engine and car now being built, and to
the experimental line of track. The party were taken thence to
Lawrence, where they visited the pumping station at the Water-
works, and looked at the Leavitt engine, and also at the dam of
the water-power. They adjourned to the Franklin House for
lunch, preparatory to their visit to the Pacific Mills. Before
separating at the close of the meal, President Holloway called
the assemblage to order, and introduced Mr. Horace See, who
presented the following series of resolutions. Each of them was
passed by the meeting with a unanimous vote of acclamation.

His HONOR THE MAYOR, AND THE CITY OF BosTON.

The American 8Society of Mechanical Engineers, assembled in Sixth Annual

Convention, feel that they are under no ordinary obligations for courtesies
extended to them by the City of Boston through its Chief Magistrate and the
Joint Committez of both branches of the city government.
. We aporeciate the honor of the presence of the Chief Magistrate at two of our
gatherings, and recognize the value of the unusual opportunities afforded us to
inspec: the City Sewage System, which we believe to be the most conspicuous
example in the world of civil and mechanical engineering, jointly applied to
the solution of a problem of such paramount domestic and public importance as
the successful drainage and sanitary improvement of a great city. That such
complete entertainment should have been supplemented by your most generous
hospitality, and an opportunity to meet the representative men of the city
government, merits an especial recognition, and the acknowledgment of our
most hearty thanks.

THE TRUSTEES AND FACULTY OF THE MASSACHUBETTS INSTITUTE OF
TECHNOLOGY.
The American Society of Mechanical Engineers return thanks for courtesies
extended during their Sixtb Annual Convention in the City of Boston.
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The Society recognizes the fitneas and significance of their being permitted to
convene under the roof of an institution which, while training men for many
liberal profesgions, does not fail to accord to our chosen profession of Mechanical
Engineering a prominent position.

We have realized profitable enjoyment from our examination of your appa-
ratus, equipment, and methods of instruction, and from meeting with your
president and professors.

The Society appreciates the privileges which have beeu extended to it, and
desires to acknowledge their sense of obligation.

THE BosTON ART CLUB.
(ENTLEMEN :

The American Society of Mechanical Engineers, having enjoyed the hospitality
of the Boston Art Club, desires to record its appreciation of the privileges so
generously extended to its members.

The selection of Boston as the place of our Sixth Annual Convention has been
happily justified by each and every of \he many and profitable and enjoyable
circumsrances of our entertainment here, but the reception tendered by the Boston
Art Club has signalized this meeting as one of memorable interest and profit.

Th> members, both for themselves and on behalf of the ladies accompanying
them, return most cordial thanks for privileges of such an exceptional nature, so
liberally offered, and so keenly appreciated.

THE PRESIDERT AND DIRECTOR8S OF THE BOSTON AND LOWELL RAILROAD Co.

The American Society of Mechanical Engineers feel that among the many
courtesies extended to them during their Sixth Aunual Convention in the City
of Boston, that of your corporation in generously providing a special train
for our use to and from the city of Lawrence, has made us indebted to you for

a very enjoyable and profitable trip, and trust you will accept our most hearty
thanks,

THE PAciFic MiLLs.
GENTLEMEN :

The American Society of Mechanical Engineers desires to thank the man-
agement of the Pacific Mills for the privilege of visiting their justly famous fac-
torles in the city of Lawrence. We esteem it a grand opportunity to be thus able
to compass in one general survey the several successive processes of the manufac-

tare of textile fabrics. We appreciate our opportunity and stand indebted to
those who have accorded the privilege,

The American Society of Mechanical Engineers acknowledge the receipt of
the kind invitation of the Trustees Boston Museum of Fine Arts; Trustees
Boston Natural History Rcoms; Meigs Elevated Railroad Construction Co. ;
Major Francis H. Parker, U. S. A., Commandant T. S. Arsenal, Watertown ;
Professor Ed. C. Pickering, Director Astronomical Observatory, Harvard Univer-
sity: Mr, B. F. Sturtevant and a certain number of gentlemen have invited us

to visit their specialties while in the city, and thank them for the courtesies
extended.
—_————————

The American Society of Mechanical Engineers take great pleasure in thank-
ing Mrs. Francis A. Walker for the courtesies extended to the ladies accom-



24 PROCEEDINGS OF THE SIXTH ANNUAL MEETING. '

panying us to Boston, and inform her how much her untiring efforts as a host.
ess have contributed, more than anything else, to make their visit not only
the most enjoyable, but one not soon to be forgotten.,

—_————————

At the close of the foregoing resolutions, Mr. See read
the following:

One of the finest pieces of engineering that has come under our favored notice
in the charming City of Boston, has been that of Mr. C. J. H. Woodbury, aud the
Local Committee.

They have solved the problem how some 400 feet of mechanical engineers can
be successfully run at varying speeds in a city with bearings very much out
of line, with the least possible amount of friction, say one half of one per cent.

We cannot help thinking, however, that something more than the Keeley
Motor must have been used to keep it going, with the help of the finest and
most costly lubricants.

We believe they should receive most honorable mention, and be recom-
mended as those who can be found, in the judgment of the Council, as it
stands in our rules, competent to take charge of work in their several depart-
ments, and therefore eligible to full membership.

These having been put and passed, Mr. Woodbury made a brief
reply of recognition, and the members separated to make their
visit to the Pacific Mills. This enormous establishment had con-
ferred on the Society the very unusual privilege of a visit through
their buildings, and the party was divided up and escorted by
various representatives of the Company. The course of the visit
was most admirably planned by itinerary, and no time was lost.
More than two hours and a half were spent on the visit, which
took in every part of the establishment. A tired party re-as-
sembled on the train to return, and on the return to Boston the
gathering broke up.
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CLXXXVIL

PRESIDENT’'S ADDRESS, 1885.

BY J. ¥. HOLLOWAY, CLEVELAND, OHIO.

AMONG the various duties devolving upon the President of this
Society, is that of saying something at the time, and on the oc-
casion of his retiring from the position of honor in which you had
previously placed him. With no hope of making up in parting
words for any of my previous shortcomings, I accept this duty
now devolving upon me, and shall attempt briefly to say some-
thing about the Mechanical Engineer, his position and mission.,

Brief as is the history of this Society, it has already been
shown that there was a necessity for its organization and exist-
ence, and the rapidity with which its ranks have been filled up,
and the character and standing of its members, alike show how
widely felt was the want of some nucleus about which the members
of our profession might cluster. Of the advantages which in the
future will grow out of the formation of this Society it is yet too
early to speak ; but the benefits which have come to us all by
reason of our connection with it, by reading its published Transac-
tions, by attendance at its meetings, by participating in its discus-
sions, and, above all, by the pleasant acquaintances made at its
social gatherings are, I am sure, not only apparent, but are fully
appreciated by all those whose good fortune it has been to join in
them. The term Engineer, is a generic one, capable of being di-
vided into a great many subdivisions; just how many it is diffi-
cult to say, as the necessities of civilization, and the advancement
of science have made it necessary to add new specialties, each of
which is of sufficient importance to occupy the full time and
energy of a special engineer in order to master and direct its de-

While I would render honor to all branches of the profession of
engineers, and would most certainly underrate none, I cannot but
believe that the Mechanical Engineer stands the peer not only of
any other engineer, but of any other man as well, in depth and
breadth of usefulness, and for the reason that for the final consum-
mation, and for those final practical results which best promote
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the comfort, safety, and progress of humanity, as well as by reason
of the fact that he, most of all, is concerned in the moulding and
directing of the material forces of nature. It was well and truly
said by one of the founders of this Society, that the profession of
mechanical engineering underlies all engineering, and it requires
but a moment’s thought to make this apparent.

While the civil engineer may plan and locate his railways,
canals, aqueducts, bridges and tunnels, it is the mechanical en-
gineer who is called upon to devise the machinery and tools with
which they are to be constructed. The naval or military engi-
neers, guided by the experiences of the generals and warriors of
the past, may plan defenses by land or sea, may design forts or
iron-clad ships, but when their resources are exhausted, it is the
mechanical engineer who is called upon to build the ships, load
them with defensive armor, and not only to provide them with
powerful guns, but also to provide the mechanism by which not
only the guns are to be handled, but by which the ship itself shall
be manceavered and driven alike through stormy as well as calm
geas.

As an example of the fact that in the prosecution of modern
warfare, the mechanical engineer has become a most important
factor, it is said that duringthe progress of the late Riel rebellion in
the country adjoining our north-western boundary, one of our engi-
neering firms who manufacture a rapid firing multiple gun, sent an
agent with one of their guns to the scene of strife, with a view of
extending their trade, hoping that, owing to the scarcity of troops
and the difficulty of transporting them up there, they would find a
market for their machine gun. The agent arrived in camp just at
the time when, after a good déal of marching and counter-marching,
the belligerents were at last by design or accident brought face to
face. With the push natural to an American, the representative
of the firm was early on the ground, and running his machine far
in advance of the regular troops, he unlimbered his gun, and
grasping the crank, devoted Limself to the task of showing what a
mechanical soldier could do; and the account said, that, unmind-
ful of the storm of bullets that flew about him from the opposing
foe, he turned his crank with such unceasing energy that he act-
ually won the battle before the regular soldiers had a chance to
fire a shot. While this incident serves to illustrate the value of
. the mecbanical engineer, and his contrivances in modern warfare,
it is only proper and just to say, that the success in this case
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was largely due to the pluck and industry of the American drum-
mer who turned the crank.

How helpless would sit the mining engineer above his earth-
bound treasures, be they never so rich, did not the mechanical
engineer come to his aid to lift them from out their rock-ribbed
home, and with fiercely fanned furnace fires, free them from their
impurities and dross.

Even the giddy goddess Fashion, whose ways none can fathom,
would like Alexander sigh in vain for other worlds to con-
quer, did not this same mechanical engineer, like gallant knight
of olden time, come to her aid, and with ingenious and studied
transformation of wheels and cams, and flying shuttles, bring new
combinations to woof and warp, whereby the silken threads turned
into new channels, reveal a hitherto hidden beauty, which for the
time captivates all beholders. And so itis through all the indus-
trial pursuits of life whicl require for their prosecution the hand-
ling and the transformation of crude materials into forms of use-
fulness and beauty.

Whileit is true that scientific and technical training is, and must
ever be of great advantage to the mechanical engineer, there is yet
another source from which, after all, he will derive by far the most
benefit, and that is—experience. Not necessarily his own experi-
ence, but the experience of others, and of all ages as well. And I
know of no other way in which he can be so benefited and aided
all through his life.

I ever think of experience as of a vast storehouse, the corner-
stone of which was laid upon that day when the unbarred gates
closed behind our first parents as they left the paradise of Eden,
a storehouse to which each successive day since that time up to
yesterday, has added extended length and increasing stores. In
this vast edifice every man of every occupation or profession has
had his nook in which to pile np the experiences of his life. Of
the great mass of knowledge therein stored, hidden by the accu-
mulated dust of ages, little has come down to the present, but
who does not regret that more cannot be known of the members
of our own profession who in remote ages builded so well that
even the ruins of what they accomplished challenge our admira-
tion now? What an addition it would be to the literature of
engineering, could we have the clearly interpreted published
transactions of those engineers, who, thousands of years ago,
built a Suez Canal through a country in which in our day
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De Lesseps could do no better than to follow. Could they be
spread before us how much of interest would cluster about
the discussions of the mechanical engineers who planned the
Pyramids, and contrived and executed plans for quarrying, trans-
porting, and erecting those numerous obelisks which once dotted
the plains of Egypt? Who would not, were it possible, scan
with interest the drawings and plans of those engineers of
ancient Carthage, who, when Europe was fringed only on its
southern limit with civilization, came over to Spain, built pumps,
drained, and worked mines opened ages before by other and to
them unknown engineers.

The steady onward tread of those Roman legions, which once
made Rome mistress of the world, was made possible by the
labors of the sagacious and skillful engineers who built for them
imperishable roadways, spanned rivers with bridges which are
marvels to-day, and who laid so deep and so permanent their
foundations in the then far off “Isles of the Sea,” that the en-
gineer of the present, as he excavates for his railways and build-
ings, often reaches the imbedded stone or crowning arch laid by
his professional brother thousands of years ago.

But, not alone would we be interested in knowing something of
the experiences of those far off engineers, who in the dim past
accomplished so much with so little; we would as well be greatly
interested, and greatly enlightened could we know more of those
who nearer to our own time have accomplished so much for the
benefit of the world at large. While it is true that we may go to
that garret in Heathfield, where he whom we are pleased to call
the father of the steam-engine, James Watt, lived and labored,
and while we may stand beside the bench whereon he worked,
may see the lathe which yet has in it the unfinished job he left
there, and beside which his leathern apron lies as last he laid it
down, and while all these from their associations would be of
especial interest to us all, who know how much the onward pro-
gress of the world was hastened by what he accomplished for the
steam-engine, there will still remain much which we shall never
- know of James Watt and of his experiences. None will ever look
upon James Watt’s scrap heap; none can do more than imagine of
his studying, his planning, his model-making, his trials, and his fail-
ures, as he worked out the problems of expansion, contrived the
condenser, air-pump, valve motion, governor, indicator, and, indeed,
every important feature of the successful steam-engine of to-day.
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That he had a scrap pile which received his failures, we may well
believe, for where is the engineer who has accomplished anything
worthy, who has not hidden away in some secluded nook or cor-
ner, his pet schemes that came to naught, his long-dreamed of
hobbies which some inexorable law of nature defeated, his neg-
lected but never quite relinquished models, which were to work
wonders, and over which at long intervals he sits and dreams,
and promises himself at some time in the future to take in hand
and work out to a successful ending. That level-headed, canny
Scotchman, George Stephenson, who drove the “ Rocket” at
Rainhill on that September day in 1829, and whose practical
good common sense and industry did so much to make the rail-
way and locomotive of his day a success, has hidden away in his
lock-up, in the vast storehouse of which I have spoken, several
need I say unfinished models of perpetual motion.

It is said of the late Matthew Baldwin, one of the earliest and
best known builders of locomotives, one whose practical good
sense, industry, perseverance, and long-accumulated experience,
contributed more perhaps than those of any one else in bringing
the American locomotive to its high degree of efficiency, that all
through his life he was haunted with an idea thut a rotary engine
could and ought to be used for propelling a locomotive; and, no
doubt, that in his pencil sketchings, among his models, and in
his scrap-corner during his life might have been seen here and
there the outcrop of a hobby which in his dreams and in his
leisure moments rose up before him like Banquo’s ghost, and
which like it, in spite of all his failures, “ would not down.”

Since time was young, it has been the mechanical engineer,
working often in the most obscure manner and in the most hum-
ble circnmstances, who in the end pushed rapidly forward the car
of progress.

While it is possible, by the aid of history or tradition, to trace
back to their origin some of the innumerable inventions which
have so benefited the world, how many yet remain about which
nothing is now, or ever will be known? Think for a moment of
that vast host lying in nnknown graves, who, in the past, amid
poverty and discouragements, toiled from early morn until the
night was well spent in some obscure garret, or smithy, or work-
shop, to devise and perfect some simple machine, to contrive or
manufacture some article now so common, so universally used,
that its snudden removal would work a world-wide injury. While
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none will question the value of the engineer in aiding the progress
of the past, all will, I think, agree that at no time in the history
of the world was he so important a factor as he is to-day.

Standing in a city whose enlarged culture and great wealth was
made possible by the labors of the mechanical engineers, or,
indeed, is their direct result, who, by their skill and industry
have filled all the valleys of New England with flying spindles
and busy wheels, whose ingenuity has relieved all labor of its
drudgery, and whose inventions have given their country a world-
wide renown, I need not, I fancy, speak at large of the mission
of the mechanical engineer, or of what he has accomplished.

A stranger, standing in the midst of the glories of the Cathe-
dral of St. Paul, asked to be shown the memorial or nonument
of ‘the builder. He was told: “ Would you see the monument of
Sir Christopher Wren—gaze about you.” So answer I: Would
you know the mission of the mechanical engineer—gaze about
you wherever in the civilized world you may be.

Putting aside all the wondrous history of by-gone ages, blotting
out all the engineering triumphs of the Middle Ages, calling the
time of Shakespeare and Milton antiquity, and coming down to
within a brief century, or, if you will, to the brief span of a single
generation, and what, or rather what not, has the Mechanical
Engineer accomplished? So broad, so varied, and so universal
has been the field of his action, and of his triumph, that I find
no time to begin even an enumeration of what he has done. A
thoughtful woman gazing at the ceaseless, steady action of an
immense engine, driving with tireless speed the ponderous
steamship through storms and calms, said half in soliloquy, but
wholly in earnest, “ Engineers ought to wear crowns.” While
it is true, that at least in this country, the position of any man
or set of men will be what they themselves make it, it is neverthe-
less a fact that the public at large are wont to accord eminence
and praise to those most in view, and oftenest heard. In the
history of the olden time it was the kings and rulers who occu-
pied much of the attention of the public: later on, and for a
much longer period, it was the chieftain, or warrior, whose praises
were sounded by the orator and poet, and the prowess, the bravery
and chivalry of the Kuight Errant, surrounded with environments
of waving pennons, floating banners, and glittering armor, was the
theme of poetry and song through many ages.

Hannibal and Napoleon, with their armies crossed the Alps.
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Their pathway amid the clouds was strewn with thousands
upon thousands of those who fell by the way, and of the proud
armies who at their base began the ascent, comparatively few
reached the sunny plains beyond. They had indeed crossed the
Alps, but behind them their snowy peaks defiantly still touched
the clouds, unharmed, unconquered. Long years after these war-
rior chieftains had crumbled into dust, another, mightier than
Hannibal or Napoleon, came to the foot of these rock-barred
barriers, which for ages past had defiantly said alike to king and
peasant, “ Pass me only at your peril.” With no long retinue of
soldiers, no vast caravan of horses and elephants and bleating
herds, no waving banners, no blare of trumpets, or cry of herald,
came the conqueror of our day. Seeing the weary traveler and
burdened beast climbing with patient toil along the narrow
pathways, and about the storm-beaten crags half hiddeu in the
clouds above him, and beside yawning gulfs no eye could fathom,
he bethought him of a better way. Seeing near by a dashing tor-
rent, which for ages had unconfined tossed high in air its flakes
of foam, he knew he had in that a giant force to do his bidding ;
so, curbing and guiding its wild spirit, he bade it turn his wheels,
swing his cranks, move to and fro his ponderous plungers and pis-
tons. He made swinging valves at each opening stroke, to gather
in that wildest, freest, and most untamable of all elements, one of
which it was said long, long ago, “ It bloweth where it listeth "—the
air—and driving it before him through long and tortuous passages,
he made it to knock with arm of steel upon the portals of the
hitherto impenetrable walls. You know the rest. With highest
skill, and unceasing industry, he bade the spirits of the air and
water alike to do his behest, guiding them to the right and to the
left, up and down as occasion required, and from either side
through months and years, until at last the hitherto defiant walls
were broken down and the eager men leaped through the rent
mountain, not to engage in deadly conflict or savage hate, but to
clasp each other in hands of equality and fraternity. Through
this open portal, to-day on roadway of steel, luxurious carriages
glide swiftly and securely, filled with the inhabitants of all lands
on errands of pleasure, peace, and good-will. Other vans loaded
with the products of the field and vine, the spindle and the loom,
alike pass from Italy’s sunny plains to the north land of snow and
ice, for barter or exchange.

Need I ask who conquered the Alps; the soldier or the engi-
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neer? Need I ask whose triumph has contributed most to the
welfare of all the world, the generals who went over the Alps, or
the engineer who went through them? Let Mont Cenis and St.
Gothard answer.

The day of the professional warrior, the swash-buckler of camps,
whose sword was on hire for any cause, has passed forever, and he
is fast dropping out of sight. That there are, and it is to be hoped
ever will be, men who for their country’s defense, and for the cause of
right and justice, will peril their lives on the field of battle, we fully
believe. It was such a one who, but a short time since, was borne
to his last resting-place, followed by a nation in mourning, and
for whose requiem, tolling bells beginning with the early dawn
upon our eastern coast, awakened new echoes in every town and
hamlet across the broad continent, until with the setting sun they
died out amid the murmuring waves of the Pacific. As the com-
rades in arms of this great man came together to devise some me-
morial that should perpetuate his worth and keep his memory
green, with one accord they said, let not his monument be of
broken swords and captured guns, with all their attendant memo-
ries of conflict and strife, but rather let the sculptor with his high-
est art and best skill, transfer to the enduring marble, the sem-
blance of the great citizen sitting in the shadow of his home, and
under the shadow of an impending fate as well, facing that death
calmly which, baffled on a hundred battle-fields, now held him
within easy reach, tortured with a pain we can but at bestimagine,
using his last hours and waning strength in writing a memoir ;
not to place himself higher on the rolls of fame, or in the hearts
of his countrymen, but to leave behind him comfortable suste-
nance for the family he so much loved, and from whom he was so
soon to part. This sentiment of his comrades, the officers and
soldiers of the Grand Army, and which so accords with the feel-
ings of all who admire the kindness of heart, the inflexibility of
purpose, and the absence of all vindictiveness in that great war-
rior, and greater citizen, General Grant, illustrates most fully the
change in public sentiment of which I have spoken, and illustrates,
as perhaps it never so well has been illustrated, the truth of the
saying that, “ The pen is mightier than the sword.” And let me
add, that among the pens that have accomplished mighty results
for the progress of civilization, liberty, and equality, is the draw-
ing pen of the mechanical engineer.

There remains but one more thought to which I beg your in-
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terest and indulgence, and that is the position of the mechanical en-
gineer with regard to his fellows. It is not many years since the
mechanical engineer knew far more of the men of all other profes-
sions than he did of his own. It was not many years ago that the
leading members of our profession knew little of each other except
by reputation, and I disclose no secret when I say that there was
little endeavor made to do away with the exclusiveness and dis-
trust, to use no harsher term, which to a certain extent was prevalent
then. Happily all this is changed now. The formation of this
and similar societies, the frequent meetings snd conferences held,
the comparison of methods, the recitals of our successes, and the
avowals of our failures, together with the knowledge that has come
to us all by reason of this interchange of views and experience,
makes us all to feel that we live in a wiser and better age.

But not alone in a professional way have we been benefited by
these gatherings. The harmonious union of men standing high in
the attainments of their profession, high in the regard of the pub-
lic ; representative men in communities spread all over theland, by
such meetings as this, held in the important industrial cities of
our country, in each of which their best citizens have come for-
ward to greet us with most cordial welcome, there has been shed
anew luster upon the profession of mechanical engineering, and
it has been raised to a still higher plane of usefulness and obser-
vation. But better than all, by these meetings we have come to
know each other, as in no other way would it have been possible.
In this acquaintance we have been taught a broader charity for
each other's failings, we have come to know something of each
other’s trials and misfortunes, and to find on every side warm
hearts, filled with generous impulses ready as well to give as to
receive. :

Let it be our ambition so to conduct ourselves, that we shall
ever honor our calling, and shall assist in raizing it in the esti-
mation of all, to that high position of honor and usefulness to
which, by reason of what it has done and is doing for the world
and humanity, it is so justly entitled.

8
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CLXXXVIIL
THE BASIC BESSEMER PROCESS.

BY T. EGLESTON, PH.D.

Ix the year 1878 a paper on dephosphorizing iron was presented
to the Iron and Steel Institute, of England, which was considered
to be of so little importance that it was withdrawn by the authorities.
of the Institute before it was read to that body. This paper was
written by Messrs. Thomas and Gilchrist, and was published as part of
the proceedings of the Institute, by mistake, in Engineering. Not-
withstanding this reception of it, it was not long before it began to
attract the attention of the iron and steel manufacturers. This is the
history of the introduction of what has proved to be the most import-
ant improvement in the treatment of iron ores and pigs which had
before that time been considered too impure for use. The amount
of output of steel made from material previously considered un-
fit for use, in 1882, the fourth year after the introduction of this
improvement, was 400,000 tons, and during the year 1885 will
probably amount to over a million tons.

Having had oceasion to study this process in Europe in the years
1882 and 1884, and again in 1885, and asit has been adopted toa very
slight extent only in this country, I have thought it worth while to
present to this Society the results of my examination of the process
abroad. My study was confined to three works on the continent,
and four of the largest and most recently constructed works in
England. I shall not attempt to describe in detail any one estab-
lishment, but shall sinply give the outline of what seems to me the
best practice in each. I have already described at length the various
processes of making the basic refractory materials,* and shall discuss
in this paper only the manufacture of the steel, which is of the
greatest possible interest to this Society, as it shows conclusively
how necessary mechanical engineering has been and still is to the
success of this process, and what a wide field there is in metallurgy
for the employment of mechanical engineering talent.

* Trans. Am. Inst. Min, Eng., May, 1885.
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There are several types of these works. Those on the continent
have generally been adapted from' acid works. In Great PBritain,
the basic part of the works of Bolckow, Vaughan & Co., at Eston,
which were the experimental ones for all England, and the school
for all the others, were built first. The works of the North-Eastern
Company and Glengarnock were constructed especially for the basic
process, having the benefit of the experience gained at Eston ; while
those of the Sonth Staffordshire Steel & Ingot Iron Co., though
recently constructed, are composed for the most part of the differ-
ent parts of a dismantled acid works. Most of the works are planned
with a view to taking the iron direct from the blast furnace. They
are all constructed so as to use cupola metal if necessary ; scme of
them use a mixture of the two. The object of all is to produce
ingot iron, or the very soft varieties of steel, as well as rail steel,
from phosphoric pig. The works of Bolckow, Vaughan & Co., at
Eston, are those in which the process may almost be said to have
originated. 1Its success has been largely owing to their wise fore-
sight in recognizing the importance of the process, and their large-
minded liberality in allowing the public to have the benefit of their
experience. Theirs were the first works built,and they should not
therefore be criticised from the point of view of our knowledge of
to-day. They use the iron direct ; have six basic 15-ton and four
acid 8-ton converters; and employ both processes, making about
5,000 tons per week when running full.

The works of the South Staffordshire Steel & Ingot Iron Com-
pany are sitnated about two miles from Wolverhampton, and are
to be connected with the Spring Vale blast furnace, so as to use
the iron directly from the furnaces. They were completed in the
spring of 1884, and are yet in the trial stage. The plant was pur-
chased for the most part from the Mersey Iron Works, of Liverpool,
when that establishment was dismantled. Itisan acid plant adapted
to the basic work. The plant is composed of three converters, with
one in repair, three cupolas for melting the iron, two cupolas for
burning the dolomite, and trains with reversible engines for mak-
ing heavy plate.

The works of the North-Eastern Steel Company, at Middlesboro’,
were completed in June, 1883, to do general work. They are situ-
ated on the bank of the River Tees. Ocean vessels discharge at their
wharves and carry away their products. The works use locomotive
and overhead cranes, and steam capstans; very little of the carry-
ing is done by hand. They are surrounded in every direction by
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railroads and in their immediate vicinity there are many blast fur-
naces of large capacity, which furnish direct iron. They have also
cupola furnaces, They have four 12-ton converters.

The works at Glengarnock are situated a few miles from Glas-
gow., They were completed in July, 1885. They have three
cupolas for burning the lime, and three for melting the pig, four
10-ton converters, soaking pits, cogging and plate mills, and a basic
shop with overhead cranes.

The works at Angleur, near Lidge, have six 5-ton converters.
Four are built after the old plan with a deep pit, and two are built
with the casting pit entirely above ground, which is much more
convenient. These works, with those of the Rhine Steel Co. and
Horde, were large producers of acid steel, but have for the most
part given up ite manufacture to take up that of the basic. In these
works the two processes are either running together, and the prod-
ucts mixed so as not to be distinguished, or the basic has entirely
replaced the acid worke. When both plants arec running, the ma-
terial is delivered together, and these products cannot afterward be
separated. The iron ties so extensively used in the lines of most of
the continental railways made in these works are almost exclusively
made of Thomas iron. At Horde they weigh about twenty to the
ton. They have been used on very many of the European railroads
for a number of years, and are found much better and cheaper
than wooden ones.

The process differs in many of its essential details from the ordi-
nary acid Bessemner process. Acid Tefractory materials cannot be
used. The disposition of the works is also quite different, the
change in the process nccessitating important changes in its arrange-
ment. The works are much less complicated, occupy less room,
and are more light and convenient. There is nothing, however, to
prevent the acid Bessemer from adopting most of the mechanical
details of the basic process, and it is not probable that any more
acid Bessemer works will be constructed in the old style. Each
works requires to have its own shop for the manufacture of the
basic material. This must be a very large spage, and is placed be-
hind the converters for greater convenience, both of manufacture
and of repairs to the converters.

The converter itself is made in four parts, each one of which
can be treated independently. These parts are the nose, the body,
the bottom, and the plug. It will be seen by reference to the draw-
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ing, that the general shape of the basic converter, Figs. 1, 2 and 3,
is quite different from that of the acid one, Fig. 4, where there
is & projecting mose. In this process, experience has shown that
while it is necessary to have a nose, it is more desirable to have it
a little to one side of the axis of the cone than to have it on the
side. In some works it is placed directly in the axis of the cone.
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AT THE NORTH-EASTERN WORKS.
The body is usually cylindrical, arranged with lugs, so that it may
be raised from its trunnions and carried on the crane to whatever
place it is necessary, in order to relineit. There are two types of these
carriages which differ essentially in their details—one, the carriage
used at the South Staffordshire works, is shown in the elevation in
Fig. 10 (p. 48), where the hydraulic lift is placed in the pit under-
neath the converter, and the body simply lifted off on to the car-
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risge. These lifts are shown in Figs. 6 and 7. This method has all
the disadvantages of the acid basic Bessemer, where the hydraulic
lift ie fixed, and in the pit beneath the converter. In the other, that
of the North-Eastern and Glengarnock works, the hydraulic lift
is on the carriage itself, leaving the pit entirely free, Fig. b.

In the acid Bessemer works, the converter rotates only through

Fia. 4.

Soale X170
CONVERTER OF SOUTH STAFFORDSHIRE WORKS.

8 half circle. The least that it can rotate in the basic worksis three-
quarters of a circle, and in many of the works it rotates either way
throngh 360°. This is necessary, because it has been found that when
it rotates only through a small are the wear on the sides is very un-
equal. This is quite natural, for when the steel is turned down for
casting, & considerable qunantity of the slag, which is very infusible,
sccumulates on that side, and remains there protecting the walls
until the heat in the converter rises sufficiently to melt it off. The
other side is, however, not protected at all. As it is necessary to re-
move the slag from time to time, if the converter rotates in such a
way that the slag can be emptied away from the casting pit on the
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opposite side, not only will the slag be out of the way, and can be
iminediately removed, but some of it will adhere to this side, and
the two sides will then be protected evenly. This simple change
in the rotation of the converter has made it possible not only to
work faster, but better, as it relieves the ground under the converter
entirely, so that the inen can have easy aceess to it at all times. The
lining of the converter is made either by ramming, with very hot
iron ramnmers, shrunk dolomite, burned at a very high temperature
and ground to about the size of a bean, and mixed with coal tar, or
of bricks made of the same mixture and building them in.*
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HYDRAULIC LIFT CAR
F1a. 5.

In the best-constructed works, like the North-Eastern, Fig. 9, p. 48,
and the Glengarnock, the whole of the plant is bnilt upon an iron
platform between the rolling mills and the basic brick-worke. The
cupolas, which in the acid works are placed high in the air, are put
upon the ground. The platform is so arranged that a sinall loco-
motive engine runs upon the top, and at the North-Eastern all the
freight cars, without discharging, are brought by hydraulic lifts and
moved about on the platform. This being supported upon pillars, the
ground floor beneath it is entirely free. At Glengarnock, and at the

* Basic Refractory Materials, Trans. Am. 8oc. Min. Engs., Vol. XIV.
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propoeed works at Palmer’s ship-yard in Newecastle, the locomotive
reache; the top of the iron platform by a surface railroad of very

PIT-LIFT OF THE SOUTH STAFFORDSHTRE WORKS, AT RIGHT ANGLES TO
F1a. 7.

heavy grade. The limekilns are also on the ground level, the lime
being stored in bins in the story above the converter in such a way
a8 to be connected with the mouth of the converter by a spout, or
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charged, as at the South Staffordshire works, in a conical-spout wagon,
Fig. 8, and brought to the level of the converter like the rest of the

PIT-LIFT AT THE S8OUTH STAFFORDSHIRE WORKS, BHOWN AT RIGHT ANGLES
' TO Fl@. 6.

charge. The pig iron is introduced from the cars into the top of
the cupolas, which are on the converter level. They are raised high
enough above the ground below so that their contents when melted
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can be discharged into a ladle on a bogie, which is raised upon a
lift, or brooght up the incline, and poured directly into the nozzle
of the converter. The spiegel furnsces are on the platform, so that
their contents are brought from the converter devel directly to the
mouth of the converter. The parts of the converter wear very
differently, and require very different repairs; and as there is
great variation in the length of time which they last, they must be
arranged in sach a way that they can be acted upon separately.

In all the most recently constructed works, every part of the
establishment is controlled by overhead cranes, the work of
changing a converter being done by the ladle bogies and by
the overhead cranes. When the converter is to be taken to
pieces, it is turned horizontally. The cast-iron bottom plate of
the wind chest is then removed and left upon the upper level. The
converter is then turned to a vertical position, the nose being up-

I

Plan of Top

LIME WAGON
Fig. 8,

permost and the bottom with its plug removed. If no other repair
is required, a new -plug is put on in the same way. If further re-
pairs are necessary, it is turned with the nose down, and the nose
removed. It is then turned back into its normal position and the
body repaired in place as at Eston and Glengarnock, or, as at the
North-Eastern, the body removed by a seventy-ton overhead crane,
and carried to the place where it is to be repaired. It is put to-
gether in inverse order.

The moving of the converter on the wagon, Fig. 5, is done by steel
ropes and steam winches, or wheels on hydraulic pistons, turn-tables
and tracks being provided in every direction, so that it can be re-
moved to any convenient position. The parts of the converter are
set down by the overhead crane where they are wanted. There are
always such a number of the parts in duplicate ready to be used in
case of need, that no delay arises from the want of them. Any part
taken off is immediately replaced, while that needing repairs or worn
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out, goes at once to the repair shop. The necessary delays in the proc-
ess are such that it is only by the best mechanical devices that time
can be saved and the output increased. The weak points of the proc-
ess are the deficiency of output as compared with the acid process,
which ean only be cured by the wnost careful mechanical engineering,
and the high cost of refractories per ton of steel, which is, however,
being rapidly reduced.

When the process was first mtroduced it was supposed that any
impure irons could be used, provided the amount of silicon was
kept within certain limits, and that the more phosphorus it con-
tained the better. This has been found not to be the case. A cer-
tain amount of phosphorus, which is over one per cent., is necessary
to raise the temperature of the metal to the point required for the
proper conduct of the operation; more phosphorus increases this
temperature, and makes it possible to make a purer product, but it
increases the loss very rapidly. The silicon should not exceed one
per cent.—the less there is of it the better; it would be well
if there were none at all. When there is more, there must be
less phosphorus, and there is a greater probability of the steel be-
ing of inferior quality. The usual limits required for phosphorus
are 1.8 to 3 per cent. On the continent a larger amount is ad-
mitted. So far as the quality of the steel is concerned, the amount
of phosphorus makes but little difference, provided there is enough
of it to prodace the heat, but the greater the amount of it beyond
a fixed limit, the greater the loss, the amount of lime used, and the
amount of repairs to be made. The limits of sulphur, silicon,and
manganese differ a little in the various works. Those generally
adopted are given below:

Bilieon. ..vivivreierniiniinirrianiinneinns 0.5 to 1.8 per cent.
Sulphur ... .o i e 0.08 «« 08
Manganese........c.oe0 veiiiiiiireiiininn. 05 “ 25 ¢«
Carbom.....ocoiiiiiii i 25 ¢« 85 ¢
Phosphorus...........o voveieviriiiniiennenn 1.2 « 80 ¢

In considering the amount of foreign materials that may be con-
tained in the pig, it is found that those which contain less than one
per cent. of phosphorus cannot profitably be treated. It should
contain as & minimum from 1.2 to 1.5 per cent. What the max-
imum may be will vary in different places and different circum-
stances. It is usually thonght desirable to have about 2.5 per cent.,
and in many of the continental works the quantity is carried np
to 3 per cent. when the silicon is 0.5, When the amount of
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phosphorus is increased beyond 3 per cent., the after-blow is very
much lengthened, which causes a very great increase of the wear
and tear of the lining.

A certain amount of manganese is also necessary. It should
never be less than one per cent. It is better to have it above two
per cent. The best quantity is considered to be between two and
three per cent. Its principal réle is to remove oxide of iron, and
at the same tine serve for the elimination of the sulphur. Beyond
a certain limit it retards it. Up to this point it is highly bene-
ficial, all the more so, a8 its presence implies the absence of
silicon.

Silicon should be present in as small quantities as possible; 0.5
per cent. is considered as harmless, but in no case should the quan-
tity be beyond two per cent. It would be better if there were none
at all. Its presence delays, or even prevents, the eeparation of the
phosphorus by making the slags acid. To insure the separation of

the phosphorus, the slags should be basic from the start. There is
no difficulty in doing this with irons of less than one per cent. of
silicon. When more than that is present, the after-blow will be
considerably prolonged, without the certainty of making a low phos-
phorus ingot. Experiments arc now being made in Wales to re-
wove the silicon.®

Sulphur is the worst of all the ingredients likely to be found.
It should be under 0.1 per cent. With high manganese there
may be as much as 0.2 per cent. to 0.3 per cent. It is estimated
that it takes from 1 per cent. to 1.5 per cent. of manganese to elimi-
nate 0.15 per cent. of sulphur.

These amounts have all been fonnd by experience. They are
not closely adhered to in any works, as local circumstances will
cause the economical conditions to vary a little, but they are ac-
cepted as those which, on the whole, give the best results.

The pig used at the North-Eastern works contains 2.75 per cent.
of phosphorus, and from three-fourths to one per cent. of silicon.
The contract specifies 2} per cent. of phosphorus. More can cer-
tainly be used, but the more phosphorus the greater the waste in
iron,

The whole object of the South Staffordshire mill is to make
plate—. e., soft ingot iron—in order to compete with the plates com-

ing from other sectione.

- # Bgsic Open-hearth Process, School of Mines Quarterly, Vol. VII,, p. 49,
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The highest limits allowed for plate are:

Silicon.....ooiieiiit tiiiiiiiiiiiiii e trace.
Phosphorus.......ccooviiiiiiiniiinns iinnnnns 08 per cent.
Manganese........ceeviuiiiiiieiieniieeiiines 8to.5 ¢

1f the iron is taken directly from the furnace, the manganese
is allowed to run down to 2, or even 1.25.per cent. If there is no
manganese, as much as 1 per cent. of silicon may be present,
but no more. If manganese is present in considerable quantity
there will be no silicon.

The cast iron which is nsed at the South Staffordshire works .
contains before melting :

Bilicom....o.iiiiiiiiiiiiiiiiiiiiiiiiee nenaee oot 1.25 per cent,

Phosphoras.........ccccoviiviniiniiirarrcnnsaneans 8. o

MaDZANeBO. . . .oviniiiiieiiiiii ettt raaas 1to2 *
After melting in the cupola it contains:

Bilioon. . ..covvriirnectcienniies teviaienniassanieans 0.8 per cent.

Phosphorus. .. ....covnniianeinrenatiieisnocnnss vee 8. “

MaDganese. .. ....c.coiirvniiinrnirens secnens 1.25 to 2.50 ¢

‘When the silicon is 1 per cent. they want 1.5 per cent. of man-
gauese in the pig; when the silicon is 1.5 per cent. they want 2.5 per
cent. of manganese. They do not want silicon, but as much man-
ganese as possible. They will take down to 1 per cent. of man-
ganese if only 0.5 per cent. of silicon is present. Six per cent. of
phosphorus can be worked, but it will give more than double the
loss of 8 per cent.

In most of these works the object is to get the iron direct from
the blast furnace, in which case the manganese will be saved. This
is equally true of both acid and basic works When there are a
number of furnaces, as in the very large European works, there is
little difliculty in doing this. At Eston there are nineteen blast
furnaces heated by Cowper stoves, three of which are running on
basic pig. At Barrow, which is an acid works, they use a mixtare of
blast furnace and cupola metal. Here there are twelve blast fur-
naces in one row and two others at a little distance, each producing
80 to 100 tons in twenty-four hours with four castings. The engine
houses are behind the line of furnaces, the hot-air stoves of iron
behind them, and the regenerative stoves between them. The cast-
ing pit is in front, and unprotected. There is an opening in it
about twelve by six feet, which communicates with a gallery
beneath, running the whole length of the line of furnaces. Each
opening corresponds to a place to cast into two ladles on bogies
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The runners are made in the sand, and communicate with the pig
bed. The first ladle has its proportion of blast-furnace metal
run into it, and then the second. The rest of the iron is turned
into the pig bed. The slag runs off one side into cars. There
are special locomotives both for the iron and slag. The line of
cupolas is at right angles to that of the furnaces. The ladles are
filled half full at the blast furnace, and receive the other half of
their charge from the cupola. When full they are carried by a
locomotive more than a mile to the converter. The distance in a
straight line is not more than three hundred feet, but the levels are
so different, and there are so many lines of track to cross, that it
has not been thought best to make any change. An iron foot-
bridge connects the blast furnace and the converters. The bogie
ladle which is used in most of these works, has been fully de-
wcribed.* The molten iron is turned directly into the converter
from it.

At Horde they formerly made ferro-phosphorus in the blast
furnace, with from 11 to 20 per cent. of phospliorug, out of a mixt-
we of Thomas slag, puddle elag, and phosphate of lime. This was
used in considerable quantities to increase the heat in the con-
verter. As a substitute, they now use at least fifty per cent. of
puddle slag in the blast-furnace charge, but have given up making
the ferro-phosphorus.

They use at these works fuyéres in the blast furnace, composed
of two pieces of round plate, the one more flaring than the other,
upon which water plays. They cost very little, and give entire
stisfaction. All the old water fuyéres are given up.

The details of arrangement of the plant differ in most of the
works, The general arrangement is, however, the same. The
departure from the construction of the acid plant is wide, and
grows wider every day as the price of steel falls and the necessity
fora greater output becomes more urgent.

The plant of the North-Eastern works is arranged in four
stories, the two upper ones being reached by lifts, and the two
lower ones being served entirely by locomotives. On the ground
floor there are three cupolas, each capable of melting from 1,600 to
1,700 tons of cast iron per week. They are built on a platform so
that their tap-holes are six feet above the ground. They discharge
their contents into a ladle moved by a vertical worm, which is
crried by a lift to the upper platform. These cupolas are lined

* Journal of the Iron and Steel Institute, 1876.
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with a refractory sandstone. On this level there are three hy-
draulic lifts, one at each end and one in the middle, Fig. 9,
which are each of twenty tons capacity, both of which are eapable
of raising the ordinary freight cars loaded with ejther coke or pig
iron, and, without unloading, discharging them directly into the
cupolas. The one at the end is generally nsed for the pig and coke,
and the one next it for the charge of molten iron, but they can be
used indifferently for one or the other. The second story is a
staging, supported on pillars, and gives access to the mouths of the
cupolas and converters. It is built of iron, and is 22 feet above
the lower floor. On this level there are four spiegel furnaces.
These furnaces are lighted on the cast iron used for making the
moulds, and are then changed to spiegel. The spiegel is not, how-
ever, always melted, but is frequently charged hot, warm, or entirely
cold into the converter. The mouth of these furnaces is on a level
12 feet higher than the converter level. The third lift is the
ordinary hydraulic chain lift of the district, of two tons capacity.
It carries the spiegel for the spiegel furnaces, and the lime, in iron
Logies to the third floor. The lime is stored in bins. It is
charged in the converter through a long flexible pipe. The
converters are shown in Figs. 1, 2 and 3. The converter level
is served entirely by a smnall locomotive, which does the whole
of the work of shunting and carrying the cars and the ladle
of molten iron where it is wanted. These cars are all brought
to the level below by an ordinary locomotive. There are four
10-ton converters, with a bridge sufliciently wide in front and
behind to do all the work required with ease. The peculiarity
of these works is, that there is plenty of room in every direction
for doing all the work. The whole of the converter room was:
originally covered with an iron roof, which became so weakened
by the heat, that a heavy storin did so much damage to it, that
it was removed, and the converters now blow in the open air.

At the South Staffordshire, Fig. 10, works the steel plant consists
of three cupolas with drop-bottoms, at one end of the line in front
for melting the iron, two of which are in use, and two cupolas for
burning the dolomite and the old bricks, which are here always
burned over, and which make the best bricks. Most of the dolo-
mite comes to the works already burned.

In front of the cast-iron cupolas is a platform about eight
feet from the ground, on which the runuers from the cupolas
for the cast iron for the ladle are placed. A hole in the plat-
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form allows of the iron flowing into the ladle below. These
cupolas are placed close to each other. Next to the cupolas is the
lift for the cast-iron ladle. Next this, arranged behind a heavy
bridge, on which is a very wide gauged railroad, are three con-
verters, Fig. 4, 8 feet in diameter and 20 feet apart between the cen-
ter of the trunnions. At the other end of the platform is another
hoist for bringing up the lime and the spiegel. On the side, at
right angles to the line of cupolas and converters is the pulpit,
which is raised to the level of the converter platform, and has the
pressure gauges and a bell connecting with the engine room.

The converters, which were made for an acid plant, are for five
tons. They are made to blow against a water screen. There are
three of these, two in use and one in repair. The pit is made of
two arcs of a circle, Figs. 10 and 11, commanded by two ladle cranes,
so that each crane commands two co.iverters. The ladle is on
a four-wheeled truck, and is movable by hand or by hydraulic
machinery. Around the pit there are five cranes, some of them
supported from above. The converters are made of three parts,
the body, the ring or lower part,-and the plug. Each of these is
treated separately. All the parts can be detached and lifted on
the hydraulic lift underneath the converter, wagons of different
sizes being provided for each of the parts, and turn-tables in the
basic shop, by which they can be carried to their respective places.
The body is tnrned down and held on the ring on the wagon by
Ings, and is lined on these wagons. When it is necessary to repair
the iron-work of the shell, there is a jib crane for lifting them.
The bottoms and plngs are rammed on blocks of wood, and then
moved by the same crane whenever it is necessary. For these
three converters there is always one converter being lined. There
are two converter and three bottom trucks. There are always two
bottoms ready for use, and four bottom shells ready to be lined.
For the enpolas there are two ladles; each ladle bogie has two re-
serve ladles, or three in all. There are three blowing engines for
the converters, two for the cupolas, and two duplex hydraulic
Pressure pumps.

The works at Glengarnock have nine blast furnaces for furnish-
ing direct metal, which are situated about a quarter of a mile from
the stee]l works. The molten metal is brought to the converter
level by a locomotive running up a steep grade to the top of the
converter platform. The blast furnaces are tapped into a bogie
ladle mnnin4g in a tunnel under the level of the ordinary pig bed.
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Only half of a charge may be taken direct; the other half may
be taken from one of three cupolas, situated at a short distance
from the converter, and high enough above the ground for the
bogie ladle to run under their spouts. The cupolas are calculated to
melt 2,000 tons of cast iron per week, so that the converters may be
run on direct metal alone, cupola metal alone, or half of each. By
the side of the converters are three cupolas for. calcining the dolo-
mite. Behind the converter is the basic shop, which is 160 x 75
feet, provided with a 20-ton overhead crane. There are four 12-ton
converters, or 10-ton basic, which weigh, when lined and in place,
60 tons each. They are placed on an iron platform 15% feet high.
The nose and bottom of the converters only are movable. The
body is fixed, and must be relined in place. The converter is
made to rotate through 360° by a hydraulic piston attached below
the level of the platform. The spiegel furnaces are on the same
level a8 the converters. The lime is added from a chute which is
attached to a low platform on the basic shop side. It is brought
to this level in wheelbarrows, which empty directly into the ¢hute.
The converter is turned back at an angle of 45° to receive it. The
lime is raised to this level by a hydraulic lift. The metal is
brought in a bogie, tipped by a worm attached to a hand wheel
which acts upon a gear wheel fitted to the axis of the ladle. The
axis is about four feet long, and is attached to the ladle by a clutch,
so that it can be easily removed. By this disposition no slag or iron
can slop on to the gearing. The full ladle is easily turned over by
two men. All the work of the platform is done by a locomotive.
The bottom and nose are removed as at the North-Eastern works,
but as the bridge is lower, the hydranlic wagons are much less
cumbersome. The converter platform has no roof, but is entirely
open to the air. The molten iron is poured into a spout on wheels,
sbout three feet long, the end being turned into the converter.
The converters for the basic plant at Eston are six in nom-
ber, divided into two sections of three each. Each set of three,
Fig. 12, has two ladle cranes and two pits, and four ingot cranes.
The ladle cranes have the ladle on wheels, controlled by a man in a
house at the other end of the crane, so that it can be brought in
and out on the crane to suit the place of the ingot in the pit. The
pit is very shallow, being ahout two feet six inches in front, and not
more than twelve inches next the .rane. The converter holds twelve
tons. The iron is brought direct from the blast furnace, melted, and
carried by a hydraulic lift up to the platform. It is poured into a
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runner, whose position is regulated by a bar passing under it, the
bar being supported by two chains.. All the six converters have
but one pulpit. The place about the pit is very contracted.

At Palmer’s ship-yard, at Newcastle, they are about to erect a
large basic plant. Two converters are to be put up first, and the
others afterward. ‘The plant is to be arranged like that of the
North-Eastern, so far as the pit and the ladle cranes are concerned.
There are three hydraulic cranes, one on each side and one in
front of the pit. They expect to make five-ton ingots for plates.
To move these ingots there is to be a large crane on a carriage,
which will not only lift the ingots out of the pit, but carry them
at once to the soaking pits, of which there will be but few, as the
ingots are so large. The arrangement of the brick shop and of the
Besserer plant in general, with this exception, is to be like the
North-Eastern plant, Fig. 9, but as they have plenty of room, the
locomotives are to go to the top by an inclined way, as at Glen-
garnock, taking the iron direct from the furnace.

In the establishment at Horde, the acid plant which was just
constructed is now lying idle, as they have given up making
acid steel. The basic plant which was among the first built, has
the cupolas set high np at the proper distance, and lifts at con-
venient places. In front of them are the long runners, like those
in acid works, which are fixed. The end runner rotates o as to
come under the fixed ones, and has so much motion that the spout
goes a short distance into the converter. For the two converters
there are two spiegel cupolas and three iron cupolas, with eight

tuyéres, supplied by an air-chamber running round the whole
furnace. The blast engine for the cupolas is a fan of fully thirteen
feet in diameter, made by C. Brinkmann, of Witten, Westphalia.
They have found it necessary to abandon the Root’s blowers, and
use these entirely. There was a very great loss of wind at con-
siderable pressure, but more on one side than the other. A piston
engine would have been better, even if it had to run at an excep-
tionally high velocity. Two converters are placed together, Fig. 16,
and, at a convenient distance, two others in a straight line. They are
set on stands wnade of iron, so that each one is independent. These
stands are 27 feet high, and 18 wide at the base, and 4 at the top.

" The trunnions of the converters are set in fittings on the top of
this stand. A locomotive ladle crane, on a carriage 8 feet by 12
feet, runs through a pit about 30 feet wide. The ingot monlds are
pnt anywhere that it is convenient to have them ; the locomotive
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moves the whole charge anywhere. As there is always in hy-
draulic cranes a loss of water} the ladle is moved up to its position
by a large pump on the crane; a small one on the opposite side
keeps up the supply. The pit is not more than three feet deep,
and is so wide that the heat cannot collect, so that, with the four
converters going, there was no very sensible elevation of tempera-
ture except just around the moulds. The stays for the ladle are
made of rails bound together by screws passing through a loop.
This makes a very stiff and a very strong stay. Formerly the
slag was poured into the pit, as is usual in acid works. The ladle
crane then came to take away the steel. The slag was cooled with
water and immediately removed. Now, as soon as the slag is
ready to be cast the locomotive crane comes to receive it in
a small ladle, and carries it away to the most convenient place to
dump it. This slag isall sold to a company, which treats it. When
the steel is ready for casting, the crane returns with the steel
ladle to receive it. During the castings the steel boils tumulta-
ously, causing the contents of the ladle to jump as much as 10 to
15 inches, and to slop over the sides. Most of what goes over
is slag, but some scrap steel is made. All of this which is not re-
covered in the works is recovered in the treatment of the slags.

Of all the plants that I have visited, the plans of the North-East-
ern and Glengarnock works, including the basic shop, the converter
plant, and the mills, are the best designed and arranged for the
most economical carrying out of the process. Those designed for
Palmer’s ship-yards are in some respects an improvement on them,
but the main features are the same.

When a converter has been relined, just set up, and is cold, 1,400
Ibs. of coke and coal are put in and- lighted with hot slag. 'When
the coal is well fired the blast is turned on, but is used only during
the time that the other converters do not need it. If the blast
could be used all the time, it would take only two hours to heat it
up ; but as it can only be blown in the intervals, it takes five hours.
In this interval the converter is rolled—that is, turned very slowly
backward and forward with the blast on, so that all parts of it will
become equally heated. If a casting has been made, and no other
repaifd are required except the removal of the material which has
becbiré 'attached to the month, this is remnoved with a bar. What
clay is Hleeded for repairs around the mouth is put in and pressed
to itd place, and the converter is ready for a new charge. If there
is any '@élay, thie lime is added with some coal, and the converter
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“rolled ” until the charge is ready. In this way the converter is
kept quite hot. Rolling is, however, never done when it can be
belped. As soon as the converter is ready, the quantity of freshly
burned lime necessary for the charge is added. Insome of the works
this lime is purchased and kept on hand, but as it is liable to slack, it
is better to have the limekilns arranged, as at the North-Eastern and
Glengarnock works, near the converter, so that lime just drawn from
the kiln may be used. In most of the works the lime is added from
a bin which is kept full by the use of a special lift. It is placed in
front of and above the converter, with a movable spout which fits
into the mouth of the converter. This is the most convenient and
in every way the best arrangement, but it cannot always be made.
In the South Staffordshire works a lime wagon with a spout is used,
Fig. 8. This is filled on the ground, and is then raised on a special
lift and Lrought to the front of the converter and the change made.
In most works all the lime required for each part of the operation
is put in at once; in a few it is thrown in during the operation.
The amount of lime to be added is determined by the amount of
phosphorus and silicon in the pig. The usual rule is to add 16 to
20 per cent. The best way to add it is to calculate for a very basic
scoria, which will not contain more than 10 to 15 per cent. of silica,
lesseven than that, if possible. The lime should be as free from silica
as possible, and should not contain any large quantity of iron oxide.
When the iron is direct metal, a sample is taken and the amount of
lime to be used determined from its appearance. If there are long
intervals between the blows, so that the converter is not very hot,
the lime is sometimes heated, but is generally added cold. Insome
works it is considered essential, in order to have hot metal at the
end of the operation, that the lime should always be charged hot.
In order to avoid the inconvenience of having to draw it from the
kily, the lime in some works is kept in hot stoves until wanted, but
it usually gets cold before it is added to the converter. At Creu-
%t 1.5 per cent. of Auor spar is added with the lime in order to
increase the fluidity of the slag. As soon as the lime is in, the
converter is ready for the charge-of iron. Where the works are
acid plants transformed, this is added from long runners, as is usnal
there ; but in the newly constructed works, either iron direct from
the blast furnace, which is apt to give high phosphorus, as at most of
the works, is used, or the cupolas are placed on the ground and the
melted iron raised by a hydraulic lift. In the South Staffordshire
works the iron is brought in a ladle from.the cupolas, which are
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sitnated to the left of the converters. They are raised high enough
above the ground so that the tap-hole is just over the top of the
ladle. The ladle, with the iron in it, is then raised vertically to the
bridge in front of the converters. By means of a capstan worked
by two men it is bronght opposite to the converter and turned over
with a hand wheel and worm. This worm should always be on
the outside. When it is in the interior, as it is impossible to pre-
vent slopping, it very often gets clogged, which sometimes makes
serions delay, and sometimes requires that it should be taken apart
before it can be used again, and usually requires the use of a jack-
screw to raise it again after it has been turned down to empty the
iron.

At the North-Eastern works the iron is brought by a locomotive
from a furnace over a mile distant. To prevent it from cooling
while under way, the ladle is first filled with iron and then covered
with blast furnace slag, which is left to cool and forms a thick solid
crust on the top of the melted iron. A space in front is cut out to
pour from. :

At Eston the furnaces are set so high that the bogie with the
ladle on it can be run under the spout which delivers the liquid pig
from the furnace. The iron in the ladle is bronght up on the lift,
and carried to the converter by the locomotive. In front of the
converter is a short spout, which for convenience is arranged on
wheels, g0 that it can be turned into the mouth of the converter
and turned back again out of the way when not required. This is
put into position and the iron turned into it from the ladle, which
is carried away by the engine. The spout is then turned away and
the converter turned up.

‘When the ladle of the North-Eastern or South Staffordshire works
is carried away, a8 it is difficult to turn it up by hand, it is let down
on the lift inclined as it came from the converter, a piece of iron
being placed one end on the platform and the other against its side,
the lift is made to descend and the ladle is turned np by the press-
ure of the iron bar against its side. At Glengarnock there is no
difficulty of this kind. W hatever arrangement is made for bring-
ing the iron, there should be the least possible delay between the
furnace and the converter. The iron should be both hot and liquid,
all the more so if for any reason there has been any delay between
the two blows. The operation of blowing is called teeming. A
good teemer should be an active man, with a quick, accurate judg-
ment. He turns the converter down to receive the charge, and
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should be at his post watching every indication until the charge is
finished. He -alone gives directions what to do, and makes all
the signals.

In the first three to four minutes after the converter is turned
up the silicon burns with a reddish flame, and some of the
phosphorus is oxidized. The whole of the silica and part of the
phosphorus passes into the slag. In the next ten minutes the car-
bon burns with a clear yellow flame, and often a great deal of slop-
ping. So inuch carbonic oxide is produced that some of the phos-
phorus which has passed into the slag is reduced and re-enters the
iron. The exact time when all the carbon is burned out is deter-
mined by a spectroscope. The flame then sinks. During this
time the heat of the charge is such that the pressure of the blast is
made to vary considerably, until the phosphorus, which up to this
time has been only slightly acted on, commences to oxidize. It
now passes rapidly into the slag, producing great heat. This
period of  after-blow,” as it is called, lasts until the blower judges
that the phosphorus is gone, the signal to the engineer being given
by an electric bell on the pulpit. While the carbon is burning
some manganese passes into the slag. After the carbon line has
gone the charge is blown a few seconds only. The converter
is then turned down, and the slag poured out. A sample is
then taken. Lime is added, the amount being from 1 to 6. per
cent. At South Staffordshire, it is 1 to 13 per cent.; at the North-
Eastern, it is 2 per cent. The sample is hammered flat in its own
heat, and cooled with water, aud broken. According to the frac-
ture the blower judges of the phosphorus present and blows again,
repeating the operation until the charge is right. From long ex-
perience, the men are able to judge by the color of the flame and
the noise of the blast how to operate, and what they lack in judg-
ment of the eye and ear is given by the test. The number of
times a converter is to be turned down to eropty the slag, and take
a sample will depend on the quality of the iron,and how much ex-
perience the men have had with the same iron. It will generally
not be more than three times, but I have seen the samples taken
a3 many as four, and sometimes more, with an inexperienced
teemer.

It is found that repeated additions of lime greatly facilitate the
separation of the phosphorus, and that they are absolutely necessary
when the phosphorus ‘“hangs,” 1. e., refuses to come out. When
the charge is right the ferro-manganese is added. This is heated



56 THE BASIC BESSEMER PROCESS.

red-hot for the purpose, but is often black before it is put in, The
ferro-manganese contains 77 per cent. of manganese and 5 per cent.
of carbon. Just as little as will give the right quantity of carbon
is used. The ferro-manganese should have less than one-tenth per
cent. of silicon. If the charge should work very hot from the
presence of an unusually large amount of phosphorus or silicon,
the amount of lime is increased, and cold scrap sufficient to keep
the temperature down, is added.

As the ferro-manganese contains phosphorus, and as the bath im-
mediately after the after-blow contains considerable oxide of iron,
there is danger that its reduction by the carbon of the ferro-man-
ganese will form carbonic oxide sufficient to reduce the phosphoric
acid in the slag and cause the phosphorus to pass into the metal.
It is necessary, therefore, to pour off the slag before putting in
the spiegel, to prevent the reduction of the phosphoric acid in the
slag. As all the slag cannot be separated, a certain amounnt will re-
main in or go back into the iron. In order to diminish the quantity
in some works, as at Creusot, only about one-third of the spiegel
is added in the converter and the rest is put in, in the ladle into
which but very little of the slag comes. If the whole of the spiegel
was added in the converter it would cause too great ebullition.

"In this way the phosphorus in the ingot is kept down to 0.02 per
cent. To prevent the reduction of phosphoric acid, sufficient pig
containing 2 per cent. of silicon is added in some of the works,
to take up the oxygen in the iron and make silicic acid of the silicon,
and the slag so formed poured off. In other works, in order to
prevent the formation of carbonic oxide from the carbon of the
spiegel acting on the oxide of iron in the bath, and consequent
danger of the reduction of the phosphorus already in the slag, from
8 to 10 per cent. of a highly silicious pig is added before the ad-
dition of the spiegel or ferro, so a8 to be sure of the reduction of
all the iron oxide. The slag thus formed is removed and the ferro
added. As the addition of anything containing carbon is not desir-
able if it can be avoided, in order to add as little as possible, a
ferro-silicon containing 10 per cent. silicon was for some time used
with advantage. For rails they use 7 per cent. of spiegel; for
ordinary work 3 to 4. This spiegel contains 12 per cent. of man-
ganese.

I give below three tables of the chemical changes which take
place during the operation, the first two made by Mr. Massenez, of
Horde, and published in 1880, the last recently made by Mr. Meier,
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JOURNAL OF THE IRON & STEEL
INSTITUTE 1880 P48t
1 ¢ 34 5 6 7 8 9 101112 13 14 Minutes

1 2 4 5 8§ 1 8 9 10 . Minutes

Fig. 16a.

Fi1a. 16e.
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of Dudelange, Germany, and communicated to me by Mr. P.
Gilchrist.

These three diagrams do not differ essentially in their results.
They were made at intervals of nearly five years, the last one having
just been made.

All the slag is not turned out of the converter, so that when
. the contents are turned into the ladle the slag runs over the sides,
making a disagreeable mess which attaches itself to the out-
side of the ladle. Sometimes when the iron has been cold it hoils
furiously both in the ladle and in the moulds, rising at times as
much as 18 inches. It boils also when the charge is overblown or
does not have enough lime. The cinder contains :

TR 5 per cent.
Manganese...........ciiiiiii dideiieiiiieriieenenn g8
£ 1] L S 5to 6 ¢
Phosphoricacid.......coovvviiiiiiiiiiiaiiaienes 18to 20

The disposition to be made of the slag has been one of the most
annoying of the questions to be considered. In most of the works
it is turned on to the floor, toward the basic shop, and is always in
the way. At Glengarnock, however, it is poured direct from the
converter into a slag bogie, placed beneath it. The slag is received
in a cast-iron receptacle, made of 10 staves which are plain on the in-
side, but reinforced at the top, bottom, sides, and middle on the
outside. These are bound together by three round hoops, places for
which are cast in the outside. These hoops have eyes at each end
through which screw bolts pass. This cylindrical vessel is placed on
an iron bogie. It is 60 inches in diameter at the bottomn, 45 inches at
the top, and 42 inches high. It has three handles on the outside with
which to catch the crane hooks, to lift it off the bogie when the slag
is cold. This slag bogie is placed under the converter and receives
each successive discharge of slag, until the metal is ready to be cast.
Fearing that the slag would slop from being poured from so great
a height, a spout on wheels, about 5 feet high, was prepared, but
no trouble has been found in pouring directly into the receptacle,
and the spout has been abandoned. By this method there is no
inconvenience from the slag. It is taken away when the blow is
over, and is used in the blast furnace.

The following is an exact diary of one operation at Horde, two
at the North-Eastern works and two at the South Staffordshire
works, which I took, watch in hand.
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TIME OF BESSEMER OPERATION AT HORDE.

11.85 Converter turned up, lime put in.

11.39 Charge made.

11.4 Turned up, yellow and purple flame.

11.48 Flame quite yellow,

11.51 Commences to slop hearily.

11.52 Smoke becomes whitish, with a deep yellow border.

11.56 Flame small and little of it, carbon line gone.

11.57 Flame very yellow and murky.

11.53 Crops thrown in.

12.  Turned down. Flame very red. Smoke almost black; sample
taken.

12.04 Turned up.

12.05 Turned down; sample taken.

12.06 Slag run out. Flame almost purple.

12.085 Turned up.

12.08% Turned down; sample taken.

12.12 Crops thrown in, and spiegel charged.

12.15 Tuarned down for casting.

TIME OF TWO BLOWS AT THE NORTH-EASTERN WORKS,

8.20 Ladle covered with slag brought by locomotive.

8.22¢ Pourirg finished.

3.24f Turned up. The flame clear and transparent, tipped with red at
sides. Flame long, slightly purple.

3.30 Flame growing yellow.

3.81 Flame tipped with yellow. Silicon out.

8.38 Carbon lines in spectroscope.

3.38 Flame thick, yellow above, still transparent below ; carbon lines ;
slag throwan out frequently ; carbon in red and green points.

3.2 Carbon line gone. Flame rhort, transparent, reddish yellow, with
large sparks of slag,

3.5} Large amounts of iron oxide smoke. Flame short, thick, very full,
and strong yvellow. :

3.47 Brown smoke, very thick.

8.48 Turned down ; slag tapped ; sample taken.

8.524 Turned up; short yellow flame and much brown smoke.

3.54 Turned down. Length of after blow 1 minute 10 seconds ; another
sample.

8.57 One barrow of lime.

3.59 Turned up 35 secounds after blow ; slag tapped.

4.08 Two per cent. of ferro-manganese, 80 per cent. manganese, 7 per cent.
carbon ; slag run off.

4.08 Turned down for casting.

4.08 Charge in. Converter turned nearly vertical ; clear bluish flame, trans-
parent, with reddish streaks.

4.13 Carbon line clear in spectroscope ; flame blue and trunsparent at the
mouth, yellowish at the tip ; gets longer and thickens gradually ;
slag sparks carried very high,
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4.19 Flame thick, yellow and transparent only a foot or two from the
mouth ; the converter turned up vertical ; slag sparks very high
and abundant. )

4.204 Flame falling rapidly and becoming bushy; carbon out.

4.20 Flame short, reddish, brownish yellow, orange, transparent, and high
shower of sparks; no slopping in either blow,

4.23 Short flame, transparent yellow flame; strong brown smoke.

4.26¢ Turned down; slag tapped; sample taken.

4.84 One barrow of lime added.

4.844 Turned up.

4.41 Sample taken.

4.52 Turned down for casting.

TIME OF TWO BLOWS AT THE SOUTH SCAFFORDSHIRE WORKS.

10.88 Charge in. Converter turned up ; reddish yellow flame; many sparks.

10.85 Slopping a little.

10.86 Flame has yellow borders.

10.87 Flame yellow with reddish streake. *

10.38 Flame yellow, almost entirely, only reddish at converter.

10.39 Flane yellow, tipped with blue.

10.40 Flame light yellow and bluish; slopping.

10.41 Flame light yellow, slopping a great desl.

10.48 Flame bluish yellow, tipped with yellow; slopping.

10.44 Brown smoke commences.

10.46 Flame edged with purple.

10.48 Blast increased.

10.50 Flame whitish yellow with purple edge.

10.52 Flame short, tipped with purple.

10.54 Flame very short, tipped with brown; much black smoke.

10.54} Turned down ; run off slag; cleaned mouth of converter.

10.56 Two buckets of lime thrown in.

10.58 Turned up; long yellow flame ; reddish smoke ; very smoky on sides.

10.59 Flame shortening up ; very smoky.

10.60 Turned down ; sample taken; spiegel brought up.

11.1 Slag tapped. .

11.4 Another bucket of lime added.

11.6 Turned up; blast—short yellow flamne, reddish tip and edge; much
smoke.

11.6 Turned down ; sample taken.

11.8 Slag run off, and cleaned from mouth of converter.

11.10 Another bucket of lime added.

11.11§ Turned up; full yellow short flame, much smoke, red edge.

12. Turued down ; sample taken ; slag tapped ; lime goes out in lampes.

12.15¢ Turned up for ten to fifteen seconds ; spiegel added ; rather cold.

12.18 Turned down for casting.’

11.82 Lime charged ; converter rolled.
11.80 Throw in lump coal.

11.40 Blow a little,

11.41 Turned down for casting.
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12.5 Iron weighed; pulled to hoist ; commence to raise it.

12.15 Begin to run in metal.

13.28 Iron in ladle turned inte converter.

12.284 Counverter turned up ; Jong yellow flame, changing to reddish.

12.288 Flame short, deep orange ; sparks numerous; blast 22 1bs.

13.20  Blast 19 1bs.; iron slops; but little slag.

12.30 Great slops of slag.

12.81 Blast let down to 14 lbs. to stop slopping.

12.38 Blast 19 1bs.; flame thins, bluish ; thick on sides, thin in the middle.

12.40 Flame short, with purple edge and tips.

12.41 Carbon line goes ; smoke black.

12.43 Turned down ; slag poured off.

12.44 Two buckets of lime added.

12.44} Turned up; short full yellow flame; purple tip ; much smoke ; blast

18 1bs.

12.47 Turned down ; sample taken ; slag run off.

12.504 Tarned up ; blast 15 1bs. ; short thick yellow flame ; reddish smoke.

12.514 Turned down ; sample taken.

12.53 Spiegel added.

1256 Turned down for casting.

As soon as the converter is empty a careful inspection must
be made of the bottom to ascertain its condition. This is done
through the nose. When after five or six castings it looks worn,
the iron plate which forms the bottom of the wind chest is re-
moved and the thickness measured with the instrument made
for the purpose. This is an iron rod, three feet long. with
a stop near the handle to prevent its passing too far into the
tuyere holes, The end is bent over a little, but so that the rod
will pass into the tuyére hole. The distance between the bend at
the end and the stop is the exact thickness of the bottom. The
bottom on the inside is caught with the hook at the end, and the
distance between the stop and the bottom of the plug on the out-
side shows how much the plug is worn away. In some cases the
bottom of the converter, on being turned down, was found to be
reduced to about seven inches in thickness. Many of the holes
were stopped. The bottom was so thin that it was not safe to use
it any longer. Preparations to take the bottom off were made just
88 soon as the converter was turned down and before it was tapped

They usually make six blows at the South Staffordshire works
in twelve hours with each of the three converters. They should
make about thirteen. These works are new and are hardly in good
working order. The shortest time that it has yet been possible
under ordinary circumstances to make a single blow has been forty
minutes. This would give thirty-eight blows in twenty-four hours.
There are so many unforeseen delays, however, that this limit has
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not often been reached. At Bochum they have reached as high
as thirty, but most of the works do not make more than ten or
twelve blows per shift when everything is working well. It is
expected that each converter will make 500 to 600 tons of ingot
steel or iron before relining.

At the North-Eastern works they expect with the four converters
to muke forty-eight turns every twenty-four hours. They are
actually making from thirty-eix to forty-two. The plant was built
to make 2,500 tons of ingots in a week. The couverters turn
either way. All the chains of the overhead cranes and of the chain
pulleys are sent to the makers to be reheated every three months
and tested to three times their capacity.

At Horde the men are paid by the number of charges they make.
Before commencing, 20 per cent. of partly-burned lime is put into
the converter and the charge put on this. No slacked lime must
be used, as it gives bad results. The experiment of blowing pow-
dered lime through the fuyéres was made, as it was thought that a
more intimate mixture of the steel and lime would result, but it
had to be abandoned. The converters are of ten tons capacity.
They make nine to ten charges in a day of 12 hours.

‘When a basic converter has been relined they always use the
spectroscope, but when it is going they turn down a number of
times, thus ascertaining the state of the metal by trial. To find
out the condition of things a sample is taken and the charge blown,
if necessary, again. As an example, a charge was blown 3 minutes
and 15 seconds after the carbon line disappeared and the spiegel
added. It was then blown about five seconds to make the charge
right. The rule which they adopt in working on a new charge is to
blow until all the carbon is out, and then, if from experience it is
known, or from the quality of the blow it is judged, that it will
take five minutes to get rid of the phosphorus, to blow four minutes
and then turn down toward the basic shop and run off the slag and
take a test. It is always best to get rid of the slag whenever it is
possible, and to add fresh lime. The men judge by the more or
less granular or fibrous condition of the sample how long to blow.
They have every interest in making good material, when they are
paid by the ton. The average at the North-Eastern works was be-
tween .05 and .09 per cent. of phosphorus, out of a week’s run; only
one or two were as high as .10, and this from the direct iron.
When the iron has over .12 per cent. phosphorus the wmen get
no pay, when 0.10, half pay. It is quite necessary that the pig to
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be treated should be uniform in phosphorus and silicon, for in this
way the men acquire experience in treating it which they could
not do if they varied. The iron billets contain .04 to .05 per cent.
of carbon.  Rails for India .35 carbon, for the North-Western Rail-
road 40+. The contract for the rails made with them requires
that they shall not break by cold ; the rails were made of very low
carbon, so as not to break at —20° F.,

At the North-Eastern works the twelve-ton converter turns down
into its ladle, there being two transfer ladle cranes to command the
four converters. This ladle is then transferred to the ladle crane,
which is supported at the top as are all the others. The castings are
made successively to the right and left of the pit, which is 60 feet
indiameter. The positions of the transfer and the four ingot cranes
are shown in the diagrams, Figs. 7 and 18. At 3 p.m. the ]adle was
full ; at 8.01 it was transferred to the ladle crane and Looked in to
prevent its turning over. The transfer is-‘made by the ladle having
two trunnions on the same piece. The transfer crane takes the out-
side. The ladle crane takes the inside and simply lifts the whole up.
Itis so balanced that it never tips, but to prevent any accident that
may come from jar it is always hooked in. At 8.05 the first mould
was filled. It took about 30 seconds to fill an ingot mould of about
1,000 1bs., and only a little longer one of 1,200 Jbs. At 3.05 the
sample was taken above the center mould. Only a few of the
moulds boiled ; scrap was put in, then a cover, then sand, and
finally water, which effectually stopped the boiling in alinost every
cse. At 3.10 all the moulds were filled. , At 3.15 they tried to
take the moulds off, but they did not come. After trying six it was
given up. In the mean time the ladle had been carried around to
the other side of the pit and the slag emptied. Such a ladle will
last as many as thirty heats. If the skulls, as is usunally the case,
can be successfully extracted, they can be patched up. If not they
will last only five or six heats, They are lined with acid linings,
and there are four extra ones in repair. It has not been found
that the acid lining affects the metal, or is in any special way af-
fected by it.

At the Rhine Steel works the ends of the ladle stoppers are
made of graphite. They are first made in a press to the proper
shape. Then after a little drying they are put into a holder, the
top of which has four holes to hold them securely, and the internal
terew bored in. This takes considerable pressure, so that the clay
comes through the holes. They are then burned. One man can



64 THE BASIC BESSEMER PROCESS.

make 150 to 200 of them complete in 12 hours. They cost 18
pfennigs, and are sold for 25. The stoppers are screwed upon iron
rods covered with clay, and then heated in an oven.

The arrangements of the various pits are shown upon the
plate, Figs. 11 to 16. The old English plant, Fig. 14, had two
converters turning down toward each other, with a ladle crane
serving the converters and the supplementary cranes around
the pit. The Holley plant, Fig. 15, made the converters turn
down toward the pit, with a shallower pit and theladle crane serving
the converters, with suapplementary cranes arranged like the others,
The Bolckow, Fig. 12, has three converters in a straight line
turning toward the pit, with two ladle cranes serving quarter circle
pits, which are really on top of the ground, each pit served by two
supplementary cranes, so that three converters have two ladle
cranes and four supplementary cranes. The South Staffordshire
works, Fig. 11, have three converters in a straight line turning to-
ward the pit with two ladle cranes, a pit composed of two arcs of
circles, and five supplementary cranes for three converters around
the pit. The North-Eastern works, Fig. 18, has four convertersin a
straight line, each set of two converters being served by a transfer
ladle crane which carries the ladle to the central crane, which is
in a shallow pit, and is served by four supplementary cranes. At
Horde, Fig. 16, there are three converters in a straight line, turn-
ing down toward the pit, served by a loco-mobile crane, which first
takes the slag and then the stecl, and carries them where they are
wanted.

At the works of the North-Western Railroad Co. at Crewe, the
old English acid plant has been so modified as to be very compact.
This has been done by bridging between the two converters and
placing a turn-table for the bogie ladle between them. The cupolas
are placed a short distance back. The floor level of the works is
such that the converter bottom is put on from there, while the con-
verter is nearly horizontal, the pit is very deep and has two levels,
the ladle crane can be raised to either height. There are but two
ingot cranes to each pair of converters.

At Glengarnock there are two nearly circular pits for the four
converters, with a 15-ton ladle crane to each pit. There are five
8-ton cranes to the two pits, so arranged that three of them can be
used in each pit. Both the Jadle and the pit cranes are sup-
ported above, and are tied to each other and to the framework of
the roof by girders. They run above on friction rollers, and are so
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light that they are easily moved. Two of these cranes on each side
are g0 sitnated that they can transfer the hot ingots to the soaking
pit, and one has a jib so long that it can take the ingots out of both
casting pits, and at the same time sweep both soaking pits, and
land the soaking pit ingots on the actuated rolls leading to the
cogging mill. One crane in each pit commands the sticker press.
To the jib of one of these cranes a Duckham scale is attached,
capable of ten tons, for weighing the ingots which have only
partially filled the mould.

Of the pit arrangements the North-Eastern seems to be the best.

The one at Glengarnock is very compact and convenient. The
Bolckow one is very cramped, the South Staffordshire one less
803 but of all the methods the Horde seems to be on all accounts
the best adapted for doing good work, for the reason that the con-
verter and the pit are entirely independent of each other. I see
no reason why there should be any connection between the two.
The pit is a constant source of embarrassment, and a reason for de-
lays, and for doing work which eventually hLas to be dome over
sgin. The casting honse should be entirely independent of the
converter, and so arranged that the casting may be done wherever
itis convenient, and the stuck ingots arranged for, in such a way
that they can be pressed out of their moulds at once, so that the
mould can be used over again without delay. The skulls are all
broken up to be used again.

When the ingots do not draw easily they are hammered on the
tides with a sledge, and when they still do not fall they are struck
vith & mass suspended to the crane hook holding the mould, by two
men. The moulds are swung on the crane to a spot behind it,
where water is allowed to play on them until cool.

In some of the works the bottom of the ingot rests on a east-iron
plate with a depression in it, eo that the ingot has a protuberance
on the bottom. This makes the ingot roll out sv that the crop
ends are smaller. The plate is flanged so as to make the depression
tome in the center of the ingot. The edges are covered with sand,
snd, if the steel flows out, it is covered with wet sand. The moulds
tre generally easily removed, but somnetimes they stick a little on
the bottom. A blow or two will usually be sufficient to loosen
them, If not, they are struck on the sides with the head of a
trowbar. If they do not then deliver, they are struck on the
tides with a sledge, and have either not cooled enough to contract

sufficiently, 5or are held by some mechanical obstruction. They are
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generally put back into the pit to give them time to cool, and are
raised again and hit several sharp blows with a sledge. If this is
not sufficient to loosen the ingot, the mould with the ingot in it is
left surpended in the air. A large mass suspended from the hook
which is attached to the chain of the ingot, by its chain is then ram-
med against the side with as heavy a blow as two men can give. If
this does not loosen it, it is taken out of the pit and is either left
to get cold or is sent still hot to the “sticker” press.

In asingle cast, eight of the thirteen moulds at the North-Eastern
works drew without pounding. The others had to be pounded.
The thirteen moulds were all drawn in thirty-five minutes.

All the ingot moulds from which the ingots cannot be drawn are
taken out of the pit and generally left to cool. The number of the
blow is painted on them, and they are then treated differently in
differerit works. In somne, as at Bolckow, Vaughan & Co.’s, they are
" placed in a horizontal hydraulic press, and the ingot pressed out.
At Glengarnock, the “sticker press” is made of very lieavy casting,
with brackets on each side, inclined so as to be 18 inches apart on
the bottomn, and 36 inches apart on the upper sides. They are thus
large enough to receive the largest ingots. On the bottom a heavy
step is cast the width of the thickness of the mould, which is just
above a shallow pit. The mounld support has & very wide base. The
front is inclined at 80°. Ou the top a hydraulic cylinder, with a
differential ram, capable of 50 tons pressure is placed. In this press
the moulds are stripped so hot that they can go to the soaking pits.
In the ordinary presses the ingot is cold before it can be put into
the press. In these works one press is placed beside each pit
and directly back of the soaking pits, and is commanded by a
pit crane. In others, the mould is placed in a frame in an up-
right position, the bottom being 12 inches from the ground. A
falling weight is made to strike the center of the ingot. In both
these mnecthods the object.is to save both the ingot and the mould,
but the latter is frequently broken by the miscarriage of the weight.
It is the general experience with .these *sticker presses” that
at least 75 per cent. of the stuck moulds can be saved. In most
works no attemnpt is made to save the mould. If it will not deliver
it is placed under a drop, and the mould broken off from it. The
number of the chaigeis then painted on the ingot, and it goes back
to the works. The same falling weight is used to break up all the
skulls and scrap made about the works.

- In most of the works the moulds are poured from the top and
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large ingots are made, but at IIorde the ingot moulds are very
small, being hexagonal in shape, about 6 inches across and 32 inches
high, and the system of bottom casting is used. It takes three-
quarters of an hour to cast seven tons. By such a system the
amount of loss is at & maximum. There are crop ends from the
ingots and runners from the castings. These are all used again
cither in the Siemen’s Martin’s process or in a converter, but a
diminution of output from the plant is the result. When the bot-
tom runners are weak they somnetimes Lurst, and I have seen a
whole casting run into the pit from that cause.

Generally the ingot moulds are either on the sand of the pit or
on an iron plate covered with sand, which is sometimes flanged so
that it can be banked with sand. At the North-Eastern works the
red-hot ingots are carried on snall bogies to the reheating furnaces.

When the steel is very soft it sometimes boils furiously, running
over the sides of the moulds. Such ingots are never full, and when
the boiling subsides a little they are often refilled. All the ingots
which boil have hollow ends. The red-hot
ingots at the North-Eastern works and in most
others are lifted from the pit by the crane and
Placed on bogies which it takes two men to
handle. At Bolckow, Vaughan & Co.’s four are -

lifted on to an iron car, and a train of such cars
Fig. 1 Am::\;':tfbr is moved by a locomotive, and they are carried
moving Ingots to the scales to Le weighed. At the North-
Fig.16a  Eastern works these are about 100 feet distant.
From here they are carried either to the soak-
ing pits or to the reheating furnaces which are

about 150 feet from the casting pit.
At the West Cumberland works when the
) ingot is uncovered it is caught with the shears
whose sides project, Fig. 16d. This is caught
Ly one of the two hooks, one a ring, Fig. 161,
bent at right angles through the center, which
turns on aswivel, the other, Fig. 16¢, three hooks.
The ingot in the sheara is lifted out of the pit by
the crane hung oun an overhead railroad and
carried to the soaking pits by two men. It is
transferred to the soaking-pit crane from the
overhead railway, and just before it reaches the bottom of the pit
the chain. is let go, and the force of the blow on the sides of the




68 THE BASIC BESSEMER PROCESS.

shears forces the ingot out. All the transfers by crane are easily
made with either of the two hooks, .

The soaking pits are made in two ways, one with bricks and
the other in steel castings like an ingot mould, but four inches
thick. Both of themn have double covers. The brick ones are
built as they usually are and need constant repairs. The others need
almost none. The mould is put on a foundation of fire-brick packed
two feet thick. The casting is placed on this and rammed on
the outside with fine broken brick. When cold it takes five
to six heats to bring them up, when hot it takes half an hour to
get them ready for the rolls. 'When once hot they are kept so from
Saturday to Monday without difficulty. 'When not in use coke is
put in to keep up the heat and to keep out the air. They intend
to go from ingot to cogging mill without heating. These pits
are made of any size to suit the ingots they are to receive. At Glen-
garnock there are twelve 18 x 18 inches, and 5 feet 6 inches deep,
and six 80 x 30 inches, and the same depth. From the soaking pits
the ingots are carried either by an overhead railroad, or by actuated
rollers as at Glengarnock, the object being to get them to the mill
as quickly as possible. The ingots for tin plates are cogged, taken to
the hammer, cut up into small pieces, re-heated and rolled to plates.

Where there is an acid and a basic plant together, as at Angleur,
the Rhine Steel works, Iorde, and other places on the Continent,
no difference is made between the basic and acid products. The
ingots all go to the rolls at the same time and cannot be distin-
guished. No attempt is made to mark them. When the work has
been done properly, they claim a little less phosphorus for the basic
than for the acid steel. The basic steel contains only a trace of silicon.

The slags which form during the operation contain from 16 to
26 per cent. of phosphoric acid. The average composition is given
below. ‘

Creusot. Horde.

Lime and magnesia.............cco0 coennennennns b4. 52.
Alumina, ete.... ....oiiiiiiiiiiiii e 5. 2.58
Oxide of iron and manganese...................... 11, 19.2
Phosphoric acid. .. c.ooiiviieeiiinenannnnennannns 16. 19.88
Biliog. .0veeniiiroiiiiiiii i e 12. 6.28
98. 99.94

They sare treated differently, according as the works are acid
works transformed or built for the purpose. In the former case
they are dumped into the pit, and are always in the way. When
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the worke are new the rotation of the converter allows the slags to
be tipped away from the pit toward the house where the refrac-
tory materials are made. It falls in a heap out of the way. Itcan
be cooled with water at once and taken away, and this is the method
at the North-Eastern works. At Eston and Glengarnock the slag
is not dumped on the floor but in an iron car, and is carried
away at once. At Horde it is tipped into & special ladle on the
ladle-crane and carried to some designated place. At most of the
works in England the slag is thrown away. At Eston and Glen-
garnock it is used in small quantities in the blast-furnace charges
for Thomas pig. At Horde they are all sold to a company who
have purchased the patent right to treat them for all Germany.

This treatment is very simple. The slags are first crushed, in
doing which a considerable amount of scrap steel is recovered. They
are then ground fine and treated in large tanks with weak hydro-
chloric acid, in order to dissolve out all the phosphates without
attacking the silica, which is easily done cold. The slag is kept con-
stantly in motion. When the acid has done its work and before the
gilica is attacked, the liquid is run off, and strained milk of lime is
added until the material is very nearly neutral, tests being made
at very short intervals, This precipitates the phosphates as an im-
palpable powder, which is at once pumped through a filter-press.
The water containing the lime chloride is allowed to run off. After
washing, the phosphates are dried and sold for manure. [t is not
only valuable from the quantity of phosphoric acid which it con-
tains, but because its very fine state of division makes it readily
attacked in the earth, and easily absorbed by the roots of the plants.
The residue in the tanks still contains six per cent. of phosphoric
acid, but in order to recover that there would be danger of attack-
ing the silica. It also contains 45 per cent. of iron. It issold after
washing to the iron manufacturers,and is an excellent material
for making Thomas pig. The process costs but little and yields a
large profit.

The arrangement of the mills is different in all the works. In
all the newly constructed ones the chief object has been to do as
much of the work by mechanical means as possible. The plan
of the South Staffordshire mill is shown in Fig. 10. The North-
Eastern, which is one of the later ones and the best-planned mill
that I have visited, is built on a longstrip of 1and, one end of which is
the bank of the River Tees, where everything arriving by water
is landed. The mill is situated about the middle of the plot. The
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reheating furnaces are situated about 100 feet from the convert-
ers to the left. There are four of them, with a wood-paved space
in front of them. Each set of two furnaces has a chain actuated
by raising the hydraulic press vertically. Opposite each of the four
doors of the furnace is a hydraulic piston with a wheel and chain
for drawing out the ingots. The chain is fastened below, passes
over the wheel at the top of the press down the side toa wheel
which changes the motion to a horizontal one, and then in and out
over four pulleys. The object of thisis to draw the hot ingots
. out of the furnace. The lift Las four of these pulleys on each side
of it to be used for separate furnaces. The furnaces have four
doors. To put an ingot in, the bogie is run up against the open
door. When the ingot goes in part of the way a bar bent at right
angles with a roller on the angle and crowbars are used to get the
ingots to their place. Coal is piled np in front of the door to burn
any air that enters there. The furnace is fired with coal and
blown. The waste heat is used to make steam. There is 40 feet
clear between the furnace and the lift, so as to give plenty of room
to manipulate the ingots. The ingots are brought just as hot as
they will bear transportation from the ingot pit. At Horde these
furnaces have eleven doors and hold 26 of the small-sized ingots
which they make there at a time. They were trying the experi-
ment of using water-gas for heating, making it with superheated
steam. It was not very snccessful, although it works well at Essen.
At the North-Eastern works the ingots are all large, and the
furnaces hold only 12 of them. On the right and just in front of
the cogging mill are two sets of four soaking pits. Each pit is
seven feet deep, and seventeen inches square. It has an iron top
and a double iron cover. The pits are commanded by a light
hydraulie crane, with the top supported, which swings to the mill.
When these pits are used, the ingots are soaked in their own heat
for about half an honr, and then swung to the cogging mill.
This is a very heavy one, moved by a heavy reversing en-
gine. The ingot is passed through each pass of the rolls twice.
They are 36 inches with a lift of two inches. They are eight
feet wide and have seven passes. The housings of the rolls are
very heavy. On both sides of the mill are large actuated rolls to
move the ingots. The cogging rolls are only two-high, but
work up to 400 tons in twelve hours. The rolls are raised and
lowered by hydraulic pressure, a quarter section toothed wheel
acting on a full one. The tables in front and behind have five
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rollers, beyond these, a set of actuated rollers which carry the slab
or bloom to the bank, if it is to be sent away, or to the ronghing
and finishing rolls about 100 feet away, if it is to be worked up.
If it is to be sent away as ingot, the two ends are cut by the saw,
when it drops on to a car in a pit holding an old-fashioned scale-
rack on a bogie. This is actuated by a wire rope about fifty feet
distant, canght by a steam crane, the end caught by a hook. Itis
carried where it is to be deposited and dumped by letting out the
suspension chain, the hook holding the bottom part. Two of these
cranes run in and about the worka. One man handles the crane,
snother attends to the adjustment of the pieces to be lifted, and
dumps them when they arrive at their destination. These loco-
motive cranes do all the work of the mill. The charging of the
red-hot ingots is automatic, and also their transportation to the
point where the cranes take them. As these cranes are obliged to
be near certain points all the time, they get their water from pits
in the center of the track, on the outside of the building in which
there are water plugs. The tanks for the water supply are, as is
quite usual in England, on the top of the engine buildings. To
the left and beyond the cogging mill are two furnaces like the
others with a double-wheeled hydraulic press, so that one press
can serve several furnaces now used for heating ingots, but prob-
sbly to be used for heating blooms. Over the cogging mill and
engine there is a heavy overhead crane commanding both and the
foll width of the mill. The engine is here to the right. The
ronghing and finishing rolls have a reversing engine to the left.
They both have actuated rolls on the floor in front of them. The
roll enginesin almost all of the new works are reversing, the revers-
ing being done by hydraulic machinery. On the left of the engine
is the roll-turning shop, also commanded by the overhead crane.
The engine is entirely surrounded by a brick wall about four feet six
inches high. The engineer's house is in the middle over the en-
gine, and commands a view of all that part of the mill. The rough-
ing rolls are in a direct line from the cogging mill, and the blooms
come directly to it. After passing these rolls it is transferred by
four antomatic pushers across to the finishing rolls through which
it is made to pass. The finishing mill is there composed of two
pairs of 28-inch rolls.
At Glengarnock, the cogging mill has a pair of rolls 7 feet long
and 36 inches in diameter, worked by a reversing engine. The
rolls are raised and lowered by a small steam engine placed on top
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of the housings, and within easy reach of the platform from which
all the motions of the mill are controlled. The rolls take 15-inch
ingots and reduce them to 3 x 2} inches. The ingot, while being
rolled, is pushed forward and tilted by four hydraulic eylinders, so
arranged that the ingot can be turned over, made to miss one, two,
or even three passes, if desired, or the ingot may be raised and
wade to travel hovizontally with or without being turned over.
The mechanical devices about these rolls are so very ingenious and
simple that with two men and a boy their capacity is stated to be
200 to 250 tons per shift of 12 hours.

At the South Staffordshire works, where they make plate exclu-
sively, the rolls are very large and heavy. In all the new works
the engine-hounse commands a full view of the works. At the
North-Eastern works, and also at Eston, the policy is to have as
few crop ends as possible. Whether short or long iron billets or
rails are made, the ingots are rolled out to pieces which are often
over 125 feet long. To provide for this length there are two
inclined planes, one on each side of the rolls, Behind it is very
steep, the pieces being rolled passing at times over the overhead
crane; in front the inclined plane is rather lower. At Eston it
is flat. The piece is received on rolls which go only a certain
distance and are then stopped, the next roll taking the motion,
and so on. On passing the last pass it goes to the side of the
inclined planes and is carried on actnated rolls to the saw. Here
it is cut to any length. A single ingot generally makes five rails
of 24 feet. If the pieces are short, as wire billets, they are
dropped upon a wagon below the surface of the mill and carried
out as the blooms. If the pieces are long they are caught by
the locomotive cranes and carried to their place either in or out
of the works, At Eston the work is doue by overhead cranes
which, as here, command the whole of the rail plants. 'The rails
are cut up and are pushed to their place by a wagon carrying a
pusher, which pushes the rails or bars to right or left, but allows
the wagon to pass under in one_direction so as toshove on the jour-
ney back.

At Eston the rails are moved to one side or the other of the mill,
as required, by a truck actuated by a wire rope attached to the dram
of a reversible engine. None of the carrying is done by men. Tt
is all done by small locomotives and overhead or locomotive cranes.
The rails are not curved, but straightened cold with ordinary

gags.



THE BASIC BESSEMER PROCESS. 73
Messrs. Thomas and Gilchrist gave the cost of making one ton
of basic steel in 1882, in England, as follows :*

Weight. Cost of Ton
Cost per Ton, cwt, of Ingot.

s. d. s. d.
Labor.......cocenienn eresevaenes 8 6
Coml..oovvvniieiinn teviianinnanns 586 4.5 18
COK®. .ooviarennrnnerinnienicens ous 12 6 0.75 5.75
Ingot moulds.............covvvuenn 104
Lime,...oovivivenineninnn cininnnn 8.83 110
Ferro-manganese................... 80 11 .111bs. 1 6
Refractory material................. 8 4
Repairs......oooviniinnineinnainns 20
Interest and sinking fund at 10 per cent. 10
General expenses and royalty........ 4 6
Total coBt.......o0vvvnvnnnrnnnnns 20
Waste.....ooiiiiiniineiinennens 8.5 7 44
Cost, including waste................ 271 1K
Costof Pig. .coovvvvvviinianinnn, 42 0
690 7Y

These figures are given for direct work. Remelting would add
3s. 6d. to 4s. 6d. per ton more to the amount.

The waste in the process will vary from 14 to 16 per cent. The
smount of the basic additions will be from 15 to 20 per cent. of
the pig ; the spiegel 4 to 6 per cent. The lining used will amount
to 150 lbs. per ton of steel produced; extra labor, 4 to 6 pence.
The difference between the cost of Bessemer and Thomas pig
will depend on the locality.

With regard to the quality of steel there seems to be no doubt
now that not only low carbon steel and ingot iron can be made,
but also all the varieties which can be produced by the acid process
with any percentage of carbon and with great uniformity in their
composition with both low phosphorus and silicon. The silicon,
sulphur and phosphorus may always be made lower, while the
manganese will generally be about the same as in the acid proc-
e% under the same conditions. These amounts may be regu-
lated 80 as to produce any quality of steel, and the only reason
¥hy the basic has not taken the place altogether of the acid process
is, first, the extra cost of the refractory materials, which is every
day diminishing, and also the inferiority of output occasioned by
the time which is required for the after-blow, and also by the cost

* Journal of the Society of Arts, London, April, 1882,
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of repairs. The result of twelve tests made in September, 1884, at
the North-Eastern works showed the lowest tensile strain to have
been 23.53 tons, and the highest 28.34 ; the lowest elongation, 23
per cent., the highest 30; the lowest reduction of area 45.9 per
cent., and the highest 59.3. There is no doubt that higher qualities
could be made if the demand for them was sufficiently remunera-
tive.

With regard to the advantages of the construction of such works,
it may be said that they are equally well adapted, with changes of
lining, for the production of either basic or acid steel. The pecul-
iarities which arc necessary for the basic are great conveniences
in the manufacture of the acid. The method of transferring the
ladle gives every advantage in the pit, and does not in any way
increase the difficulties of the manipulation of the plant. In faet,
there does not seem to be any reason why there should be any pit
near the converter. Experience has shown that the liquid steel as
well as the iron can be transported considerable distances. The pit
is a great disadvantage to the work of the converter, and the con-
verter to the pit, and there seems no reason why they should be
kept together. With the casting shop scparate from the converter
there would be plenty of room and little concentration of heat, so
that the men could work more freely and with more effect. The
experience gained at Horde shows that there is no necessary con-
nection between them. They might better be some distance apart
than to be connected. The control gained by discharging the slag
into a ladle instead of on the ground is also a great gai®? Even if
the slag has no commercial value, getting it into compact form
makes it easier to handle and leaves the space under the converter
free at all times. The method of giving complete rotation to the
converter and arranging it to move cither way, so that the slag is
tipped toward the basic shop instead of toward the pit, is an advan-
tage, but does not equal the complete removal of theslag in one nase,
which is perfectly manageable, as at Glengarnock, and therefore
necessitates the use of fewer men. The method of removing the
different parts of the converter on hydraulic wagons, leaving the pit
always free, and the use of overhead cranes for manipulation and ad-
justing all parts of the apparatus, needs to be seen to be appreciated.
The rapidity with which all parts can be moved from place to place
and put into position again removes the difficulties of much of the
manipulation. With a sufficiently large basic shop, and steam cap-
stans, the transfer takes but a few moments. The objection to the
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basic process is the deficiency in output, which in many places must
nearly counterbalance the profit which comes from using an inferior
irn. When a few engineering difficulties are overcome there
seems no doubt but that the basic will successfully compete
with the acid process. With regard to the great cost of refractory
materials per ton of steel, the future lies in reducing the cost by
either cheapening the present process or finding a more enduring
material. There does not seem to be much prospect of cheapening
the process so long as stamping the slurry into moulds for the
bricks or for relining the converter, which must be done by hand,
is considered essential. When all the parts can be compressed by
hydraulic machinery, it would seem not only that the work would
be more uniformly done, but that the strength of the bricks to be
burned in moulds and of the parts to be burned in place would be
very much greater and the work more rapidly done. There seems
to be no reason why the manufacture of a brick from the mould
to the oven should take more than five minutes. The manufacture
of the magn-sia bricks by hydraulic machinery at Horde and else-
where has uemonstrated that a very small brick about a quarter of
the size of the ordinary tar brick can be rapidly and cheaply made on -
s machine but poorly adapted to it. With well-designed machinery
the bricks could be well and rapidly made, and with larger bricks and
machinery adapted to the purpose,the same number of large bricks
could be made as of sinall ones, and they would be much more uni-
foom. Even the ramwmed portions might be better done by ma-
chinery than by hand alone. There might, I think, be a consider-
able economy effected in the burning of all the materials used.
The system of burning them in non-continuous furnaces is almost
universal, but with a large production there is no doubt in my
mind that a continuous furnace of the Mendheim type * would be
better and cheaper. It is not an uncommon thing to find the
plugs, which are very expensive to make, split entirely through
when taken out of the furnace, from too rapid firing or cooling.
Not unfrequently they are taken out of the furnace red-hot, and
sre damaged by the sudden exposure. A uniform refractory material
&an only be made by uniform treatment. This means equal com-
pression of the mnaterial of which it is made and proper time for
cooling and the same method of treatment. By using a furnace
like the Mendheim, where the temperature can be applied only in

* Basic Refractory Materials, Trans., Am. Inst. Min. Eng., Vol. XIII,
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a definite way, and where the heat absorbed by the inaterial in
burning is given up to the heating of the gases which produce the
combustion, this is done with great regularity and uniformity.
There are none of those sndden increases or decreases of tempera-
ture which are so fatal to the manufacture of good refractory
materials. Not only would the bricks be better, but the shrunk
dolomite would be better and much more evenly calcined. The
reduction of cost seems to be much more likely to be effected in
this direction than any other.

The probability of finding some other and better refractory mate-
rial for this purpose is not great. The most promising material as
yet tried is magnesia, but that has failed because it has been found
to be too expensive. 'If its manufacture could be cheapened, as it
seems likely from the manufacture of magnesia from sea water,* or
if the bricks could be made to last longer, the effect would be pro-
duced. The action of wear, which is both chemical and mechanical,
is more the latter than the former. The way to improve seems,
therefore, in the direction of making something more solid than has
yet been made. On the supposition that all the reactions have been
- properly performed and the magnesia properly worked, coinpression
seems to be the only way to effect this. That it has once failed, and
has been abandoned, is no conclusive argument, when tho defect
seems to have been a want of proper mechanical appliances. The
same may be said of the artificially prepared dolomite where no
proper dolomite can be had, but this extra cost must be couunter-
balanced by such processes of manufactnre as to make the brick
last longer.

The basic plant can always be used on acid materials. It there-
fore has a very great advantage over the acid process, and with the
cheapening of the refractory material, which of necessity must come
with a demand for it, the probability is that in the near future there
will be a greater difference in profit in favor of the basic process.
There are, however, a number of conditions which must also be ful-
filled. Itis not easy to find an iron containing the requisite amount
of phosphorus, neither too high nor too low, that fulfills all the other
conditions. It must therefore be said that the basic pig at the
present time is not easy to obtain. It will, however, become easier
a8 the Dblast-furnace practice which is required for its manufacture
from ordinary ores becomes better understood. The experiments
now being made in Wales, to reduce the amount of silicon in the

* Basic Refractory Materials, Trans. Am. Inst. Min. Eng., Vol. XIV.
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pig, are of the greatest possible interest. The difficulty lies between
too high and too low phosphorus, and this is one which will un-
donbtedly be overcome, and in many districts could be overcome by
melting irous of different grades in the cupola. There is a saving,
too, in using direct iron. This, however, can only be done with
sfety where there are a number of furnaces, so that accidents in the
quality and quantity of the supply could be guarded against. It
would, however, not be safe to do without the cupolas, which must
be ready to do duty where for any reason the direct iron fails.

The quality of the metal which is produced is altogether excep-
tional, and can be made quite as suitable for making ingot iron
ssteel. It can be produced with great uniformity and regularity
when the same kinds of pig iron are treated in the converter. When
different kinds of pig iron are treated it requires a considerable
smount of testing, which is also trne .of any other process. It has
been proved by experiment on a very large scale that material
suitable * for plates, for chains, for wire, and for rails can be made
of such a quality as would compete with the products of any other
msnufactare.

The length of the time between the pig-iron from the blast fur-
nace and the manufactured steel, whether 1rail or plate, or what-
ever it may be, need not be, at the outside, more than one hour, and
is usually about half that time. It might, therefore, be expected
that this process would be immediately introduced on a large scale,
bt the greatest impediment to it is that the world has already all
thesteel it requires, and a further production, for competition, must
be made under conditions which will presuppose a very decided
lowering in the price of the material. Up to this point the basic
process has not fulfilled these conditions. Whatever may be the
fature of the basic process, it has stimulated the manufacture of
refractory materials to such an extent that we shall undoubtedly get
them of a much higher quality, and much lower cost, than we have
ever been able to obtain, and if the process does nothing more
than to cheapen refractory materials it will have conferred a great
benefit upon metallurgical processes in general.

. Inconclusion, I wish to express my thanks to Mt. Finlay Finlay-
son, of (Glengarnock, for information, and my especial indebtedness to
Mr. A. Cooper, of the North-Eastern works, and to Mr. P. Gilchrist
for special facilities for studying this very interesting process in
the works.

#* Jour. Iron and Steel Inst., 1884, p. 412,
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DISCUSSION.

The President.—I am very glad that Prof. Egleston, who, as
you know, is a prominent member of a sister Society, acknowl-
edges here before you all, that it is the mechanical engineer who
must take charge of the production of this newer metal, that it is
to the mechanical ehgineer you must lock for its use and adoption,
and that it is the mechanical engineer of the present and of the fu-
ture, to whom these various problems of its manufacture must be
turned over.

Mr. Durfee.—I have no hesitation in saying that this is one of
the most valuable papers that has ever been brought to the- atten-
tion of the Society. But it is a matter of great surprise and regret
to many men who are familiar with metallurgical progress abroad,
that the American manufacturers of steel have so far ignored en-
tirely the advantages of the basic process. I think there has not
been an attempt made in this country to carry it out commerecially.
I believe that at Steelton they did make a trial of it; just exactly
what their methods were I do not know. But, notwithstanding the
reputation which the American people have acquired for enterprise
in mechanical matters, we have in many cases hastened exceeding
slowly. In the matter of the introduction of the acid process, par-
ties who were pecuniarily interested in the patents hung fire and
neglected to take any special interest in it for eight or ten years.
Of course, in that time they were getting the advantage of the
blunders of other people. But at the same time it was a notable
instance of want of enterprise on the part of some of the more
prominent of our iron and steel manufacturers.

There is one matter in connection with this paper in which I
have considerable personal interest, and that is the soaking pits. I
believe in no works in the United States are they in practical nse
yet, notwithstanding the fact that they have been successfully em-
ployed in a large number of places abroad. There is a large saving
in their employment there. There is no reason why there should
not be a corresponding saving here. But 1 have exhausted my
eloquence and pebsnasive powers with some of our leading manu-
facturers of steel in the endeavor to induce them to take the thing
up. They are full of good intentions. In fact, they suggest the
statement which was made in regard to the place that (following
the new version) we must call Sheol, which is said to be “ paved
with good intentions.” In regard to the soaking pits there has



THE BASIC BESSEMER PROCESS. 79

been more of that kind of paving used for their foundation in
America than is creditable to the country.

The President.—I1 simply want to say one word, as I do not
think that many gentlemen here are familiar with the fact. There
has recently been constructed in Joliet a new plant for the hand-
ling of ingots and the rolling of rails. Very little has been said
shout this yet, and I do not know just how much the proprietors
are to have said about it; but I had the pleasure of witnessing its
operations recently, and it certainly works very nicely, and it is
surprising to see how very few men are there employed in produc-
ing steel rails from the ingots.

Prof. Egleston.—W ith regard to the use of soaking -pits, very
mach of the success now being achieved in increasing both the
output and the quality of the steel in the Basic-Bessemer is owing
to their nse. They.are mnaking them in the new works threc times
the size they formerly made them. As one of the results of their
use they are now rolling ship plates of more than double the length
and width formerly made with about the same labor and fuel, and
- were it not for the soaking pits and the mechanical appliances con-
nected with them, I do not think it would be possible for them to
make them of such size for about the same cost per ton. The
method merely turns now on getting the ingots out of the mounlds
80 hot and into the soaking pits so quick that they can go from the
soaking pits without any other reheating to the finished product.
Where these plants are now being used the object is to make every-
thing as Jong as possible in order to do away with the crop ends.
Every rail that is rolled in many of the new works is rolled from
130 to 150 feet in length, so that in five or six rails there are only
two crop ends. It is the avoiding of these crop ends that is dimin-
ishing the cost of manufacture. It does not make any difference
whether the product is wire billets, or rails, or angle iron, or what-
ever it may be, the pieces are ent from the long bar to the sizes
wanted. The mechanical ingenuity which is required to do this is
of the very highest order that the profession can furnish. I do not
think that any of the young mechanical engineers can do better
than to study such a plant as would be required to make say seven
nils in one length. That would require that the one length should
be about 220 feet long. Seven rails with two crop ends means that
8ll the labor and money which were formerly spent in making one
thing now go into the finished product of one with only a slight in-
crease in the timne required to make the one, and that the crop ends
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are reduced to a minimum of time, labor and material absorbed in
them. T only know of one works where the crop ends are wanted,
and that is in the acid open-hearth process, and in those works
Whitworth told me that as he needed scrap in order to treat his
pig and could not purchase any pure enough for his purpose, he
had to make it; but this is a very exceptional case. Generally
people make scrap by accident, becaunse they cannot help it, not be-
cause they want it. I have seen scrap made by having the whole
charge go into the pit; but the capital represented by the steel,
went to the pit at the same time. It is the work of the soaking
pit, it is the avoidance of crop ends, it is the mechanical appliances
of and attached to the rolls, it is the shears that cut up the big
plates—and I wish I had tinie to go on and tell you about some
more things that, depending on the ability of the mechanical engi-
neer, make the protit of the modern stecl works.

The President.—What the Professor says about scrap, reminds
me of the foundryman who said “he thought it was a very poor
foundry that did not make all the scrap they ought to use, them-
selves.”

The treatment of ingots, as now ohserved in many steel works,
seems to me (and I do not profess to be a steel-maker) simply bar-
barous. That a metal so subject to strains, internal and otherwise,
by the slightest change of temperature, should be subjected to the
great differences of temperature that ingots now are on being taken
out of the ingot mould, being cooled on the ground, hanled off
and reheated again, is simply barbarous. I hope our friend, Mr.
Durfee, will be able to teach our steel-makers that when they have
a hot ingot, they should never let it get cool until it is put on board
the cars in the shape of rails.
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CLXXXIX. ,
RAPID TRANSIT AND ELEVATED RAILROADS,

WITH A DESCRIPTION OF THE MEIGS ELEVATED RAILWAY BSYSTEM.

BY FRANCIS E. GALLOUPE, BOSTON. MASS,

Irwould be difficult in & paper of reasonable length to treat a
subject having 80 wide a bearing as that of rapid transit, with the
exactitude and thoroughness of detail which might be expected in
s technical article. The following notes are therefore with hesi-
tation submitted, in the hope that the incomplete form and in some
tases the mere suggestions which only can be presented within the
limits of this paper, may be accepted in place of a more extended
treatise.

The modern demand for increased facilities of transit is two-
fold. First, there exists an imperative need of better means for the
conveyance of passengers within all our large cities, making the
problem an universal one, although its attempted solution has thus
far been local. Second, there is the more general demand for
more rapid means of communication between cities and important
centers of population or business.

It is the present purpose to show what the existing requirements
are, as indicated by their gradual development, for obtaining with
safety & higher speed of transit, and how the problem may be met
8 it arises, first, locally, and then for transportation through
longer distances.

The endeavors made to supply these wants are seen on every
hand. Probably most would agree that the time of increased fa-
clities for transit is coming, The world will never go back to
tlower speed. The tendency is indeed precisely opposite; that is,
tosave time, shorten working hours, and to concentrate the vol-
ime of tramsactions in centers of business or of trade. What-
over this progress of business and of life demands will be devel-
oped and put in practical use.

Fifty years ago there existed only the very beginning of the pres-
ent great degelopment of the surface railway system, which has cost
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in the United States alone nearly seven thousand millions of dollars,
and employing three hundred thousand men, with an extent at the
end of the year 1884, of 125,379 miles.* They transported last
year 334,814,629 persons, and earned in gross 8770,684,908, with
interest and dividends paid to the amount of $269,939,137.

Previous to this the most rapid methods of transit, still within
the memory of older men now living, were only post-riding and
the now primitive stage coach. Not even the horse car had been
invented. Later on, the horse railroad system took its place in the
streets of our principal cities, and although not developing much
increase of speed, its great convenieuce, as well as the economy
shown by the introduction of the principle of carrying passengers
by rail, as compared with any other method of land transportation,
has caused the growth of this system to the extent of many miles
of track and great perfection of detail. In Massachusetts, the pres-
ent extent of the street railways is 310 miles, as compared with
2,851 miles of steam railways in the State; their value $12,410,-
681, carrying 94,894,259 passengers in 1884, and employing 3,846
men and 8,996 horses, u8 compared with about 16,000 empioyees on
street railways in the whole country.

The horse railroad has had so important an influence in the build-
ing up of suburbs and extension of the growth of cities as seem-
ingly to have become an absolute necessity; yet so great are the
present objections in blocking the streets, failing to supply suffi-
cient accommodations to the public, and loss of time by the delays
incurred by passengers, that in the East, at least, it is becoming
the general opinion that its limit of capacity and usefulness has
been reached nearly if not fully.

While this system has been growing and other methods of ob-
taining relief from the crowded state of the streets and the conse-
quent retarding of transit have become established, such as the
London underground railway and the Vienna depressed railways,
a system of elevated railways has been developed in New York
City of which the results attained in the short period of time since
1872 have been extraordinary. Not only have these demonstrated
the fact, not before proved or deemed hardly practicable, that a
complete steam railroad system could be run upon the tops of a line
of posts set in the streets, as in the Bowery line, with entire safety,

* From Poors Manual of R. R.’s, 1885, Cost of Roads and Equipment,
$6,924,554,444. First Railroad completed in Mass., 1827 ; first locomotive run
Aug. 8, 1829.
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speed and convenience, but the permanent success of the principle
bas been, I think, fully demonstrated. A short statement of their
progress is inserted, from a recent paper. “ During the first year
the roads carried 170,000 persons, and during the past year nearly
100,000,000.” “ The first year's earnings were $17,000; last year
nearly $7,000,000.” ¢ There was a steady progress each year.”
“The aggregate earnings since the road was first built have been
$32,000,000 ; the aggregate passengers carried 444,000,000.”

Such being the facts, let a moment’s glance be given at the local
conditions existing in cities. Experience has shown that ease of
communication in the transaction of business requires its con-
centration into the least possible space. A street too wide for
business purposes is more detrimental than one too narrow. The . -
result has been the erection of five, seven and even nine story
business blocks, which, with the general introduction of fast run-
ning elevators, supply the demand for oftices and warerooms,
sud are more valuable for business purposes than lower floors
farther removed from the business center. Now, with this great
concentration and consequent increase in the volume of business
throngh the streets, the capacity of the streets themselves has not
been increased proportionately.

The result has been a blocking of the streets to a large extent,
and the obvious remedy, if the height of buildings is doubled, is
to have two-story streets, so to speak, <. ¢., to relieve their crowded
condition and divide the travel by some form of elevated railroad
which shall take from the surface that portion of it which desires
merely transit as quickly as possible, and thus relieve the one por-
tion from its blocks and convenience the other.

We must either have rapid transit upon the surface, under it, or
dbows the surface of the ground. The first is impracticable, for
reasons to be shown later on, while the second is open to the same
objection, on account of the limited field available caused by its
excessive cost.* For general usefulness, the only feasible method
is the third,

Objections to this remedy have been of two kinds: first, the
tlleged damage to property adjacent to an elevated line of railway;
sud second, the sentimental one of injury to architectural features
of the buildings. The first should be at once recognized where

*The proposed unde}gmnnd railway for Broadway, New York, is estimated to
cost from $800,000 to $1,400,000 per mile, for single and double tracks, respect-
ively,
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real damage exists, and met so far as practicable by the road. A
new element has been introduced with the elevated railway, dis-
turbing the existing business relations and property interests, which
latter cannot defeat the railroad, but which must be readjusted after
the introduction of this new element. The injury done in places,
whether the abuttor’s land is held to end in the edge of the side-
walk, as in New York law, or extends to the center of the street,
should be compromised between the railroad and property interests,
in equity, by the payment of damages, in case either of direct
damages by land taken, or of consequential damages, if proved that
the rent or income from the property is thereby diminished ; but
these cases are only incidental in comparison with the great and last-
. ing benefits to the public at large. As to the second objection, it
may be said that the demands of transit should be first met, with as
little loss in other respects as possible. The primary use and pur-
pose of the streets is for transit, and not for the display of the
architectural features of the buildings lining them.

Opposition to these necessary facilities for transit, while some-
what surprising when the great benefits to be derived from them
are considered, is yet to be expected when we review the history of
the introduction of railroads to supersede the turnpike and the
stage coach, the introduction of the horse railways even, or that
of any of the great improvements, such as many in the progress of
manufactures, which have destroyed the value of some class of
property which they supersede. All such must, in the end, give
way to the public need.

While it has been found that the elevated system is best adapted
for long-distance travel, <. e., for distances exceeding a mile, the re-
verse is true of the horse railway, which will still be found better
fitted for the accommodation of some portion of the short distance
passengers than even the elevated railway. Where the time re-
quired for conveyance is short and speed therefore not an object,
considerations of convenience will still lead the short-distance pas-
senger often to prefer to step upon the cars of the horse railway,
which goes directly where he wants to go, instead of climbing up
a flight of steps into an elevated railway car which may not leave
him so nearly at his destination ; and especially will this continue
to be the case if, a8 now seems likely, its service becomes improved
by the use of electric motors, in the near future.

For the increase of transit facilities, certain definite require-
ments should be met in any successful system. These may be re-
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girded as those of, first, safety ; second, speed ; and, third, con-
wenience and economy.

The leading features of the surface railway system, viz.: first,
therail and car, for the reduction of required motive power and
desd weight carried per passenger to their least amounts; and
scond, the truck system, having independent moving trucks,
coupled, supporting upon them the platform and body of the car,
should be retained.

Under the requirements for safety, should be noted, 1st, safety
from derailment, since next to railroad accidents occurring to per-
sons crossing or walking npon the tracks, which are not reported,
more than one-half of all reported railroad accidents are from this
caause ; 2d, safety from obstructions upon the track. These con-
sist of passing teams, trespassers and cattle, rocks and timber
falling upon it, wash-outs, which are of the nature of obstructions;
in winter, the blocking of the tracks by snow, drifting of the same,
snd many other canses resunlting from railways built at grade, or
upon the surface of the ground; 3d, an efficient brake system
should be provided that will act automatically should the cars break
spart or other derangement occur; 4th, appliances to give the en-
gine-driver positive and absolute control not only of the engine,
but over the movement of the entire train.

Among the requirements for any material increase of speed, are,
lst, those insuring at least equal safety to that now existing under the
increase proposed, such as holding the truck upon the rails by flanges
or their equivalent, so that no derailment can possibly occur by the
trucks lifting or jumping away from contact with the rails; 2d, the
center of gravity of the engine and cars should be lowered and the
stability of rolling stock increased, to prevent strains which wonld
overturn them ; 3d, more secure attachments between the truck
and ear body should be provided, to prevent the momentum of the
arbody from breaking away from the former ; 4th, there should
be provided an improvement in the design of motive power, espe-
cially by the use of independent means for producing adhesion of
the driving wheels to the rails; or a controllable and variable adhe-
sion, not dependent upon the weight of the engine for the pressure
of the driving wheels upon the rails; 5th, a consequent saving
of weight both in engine and cars, with the same power of engine,
and reduction of the dead weight carried per passenger, should be
reached ; 6th, for speed, a clear line to be provided, with no cross-
ings at grade, and the use of an efficient block system.
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For the attainment of conventence and economy the system nsed
should be adapted:

1st. For curves of shorter radius than have been heretofore
practicable, especially in cities, where streets are narrow ; and for
through lines, a better uligninent as to grades and curves, made
possible frequently only where the track is raised ahove the sur-
face. 2d. For economy in repairs, by possessing freedom from
wash-outs or settling of the ground, and from the decaying of
cross-ties. |

It will be seen that most of the above requirements can be met
and the result in view reached only by the employment of an ele-
vated system. It is the belief of the writer that all steam rail-
rouds, excepting perhaps those only for freight having speeds of
less than ten miles per hour, should be elevated from the surface
of the ground becanse of the many advantages of such a con-
struction, as will be shown more fully in the further discussion of
this subject. In Massachusetts, a resolve of the Legislature,* re-
ferred to the Railroad Commissioners, looking to the feasibility of
a gradual abolishment of sll grade crossings in the State has
already been passed, and this may be regarded as a first step in the
direction indicated.

To show that many or all of these conditions may be fulfilled in
concrete form and may exist practically, the problem will be illus-
trated by the selection and brief description of one of the several
distinct systems, each containing some excellent features, that have
been proposed, namely, that of the Meigs elevated railway system,
now under construction in the city of Cambridge, Mass.

This plan, invented and developed by Captain J. V. Meigs, of
Lowell, Mass., as the result of over ten t years’ careful study of the
surface roads, their advantages and defects, is unique in that it is
a complete system, one part absolutely depending upon the others,
and having little or no analogies in the surface roads.

It may be regarded as a development from the New York
elevated system, taking for its starting point the fact only that a
railroad can be built and successfully run upon a single line of
posts.

* ¢ Resolved, That the Railroad Commissioners examine and report to the next
Legislature upon the subject of providing for the gradual abolition of grade cross-
ings in cities and the populous parts of towns.” [Approved, April 19, 1884.]—
Report of R. R. Comas., 1885,

t Application for patent filed May 16, 1873 ; issued May 11, 1875. Earliest
notes made in 1867 or 1868.
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Objects.—The Meigs elevated railway system is designed to
meet the modern demand and all the ordinary requirements of a
nilroad for the safe, quick and convenient transportation of pas-
sengers in cities, or to and from the suburbs of cities to such cen-
tral points as passengers desire to go; while on longer lines, con-
necting cities and towns, to carry both passengers and freight not
only more economically and safely, but more speedily than has
beretofore been done.

The New York structure is essentially an ordinary railroad,
elevated, and is open to the criticisms of liability to derailment
snd consequent want of safety; a too great height of the position
of the center of gravity, and want of stability, by reason of the
large leverage upon the posts when sustaining wind pressure upon
the sides of the cars; and the well-known obstruction to light and
air produced by the size of the structure in the street.

The fundamental principle of construction in the Meigs system
is to concentrate the strains due to the load upon the track directly
upon the central line of the way, avoiding all disadvantageous
leverage. It is, in effect, to turn the ordinary track np edgewise,
or vertically, with one rail lying directly over the other, instead of
side by side in a horizontal plane, as in all other railroads. Or, it
is a8 though the Y of the posts in the New York system as well as
all the cross-ties, nine feet in length, were abandoned, and the
double girder beneath the track condensed into a siugle central
truss, removing four-fifths of the material cansing obstruction to
light and sight from the street.

Its general appearance is shown by Fig. 17.

In the execution of the design based upon these pecnliar con-
ditions, the roadway consists of a single lattice iron girder or truss,
four feet in depth, and resting upon iron posts or columns placed
44.4 feet apart.

Distinguishing Features.—Its peculiar features and differences
from the ordinary railroad exist in—

. The Way;

. The Switch;

. The Trucks;

. The Passenger Cars;
. The Engine;

. The Draw Bar, and
. The Brakes;

asin the following description.

IO WD
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I. Tue Posts axp FouxpaTions.

The posts may be of wood, rongh, hewed or sawn square, for
the wooden track system ; or of iron when the iron way is used.
In the latter case they will be of rectangular form, about 11 inches
by 10 inches in section, and 24 feet in length. They are composed
usually of two medium 10-inch channel bars, £ f, Fig. 22, and two

Fid. 29 Fig.24

Plates, ¢ ¢, all about 4 inch in thickness, riveted upon and along
the flanges of the channel bars and the edges of the plates. They
thus form a hollow box-like structure, which may be varied in
crosssection or thickness in special places, or may have the solid
Plates replaced by diagonal bars riveted in lattice form upon the
channel bars, The weight of each post, having a sectional area of
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23 8 square inches, is 1,919 lbs., the crushing load 235 tons, and
safe load 39 tons, while the greatest load that will be imposed on
a post in any position of a passing train will not exceed 35 tons.

The foundations, as shown in Fig. 18, this and all subsequent
figures being in scale iy of full size, or § inch to the foot, being a
vertical section, and Fig. 23 a horizontal section of one form, con-
sists of a plate ¢, upon which the post rests, of somewhat larger
area than the post, as shown in Figs. 18 and 20, or of a similar
plate ¢/, as shown in Fig. 19, which has an upwardly presenting
boss entering into its interior, set in and on a concrete foundation
about 3 feet in diameter and 6 feet in depth. The lower part of
the posts may remain hollow, or they may be filled with concrete, &',
or with sand or other non-compressible filling, as shown in Fig. 19.

If the foundation is npon soft earth, the earth is packed, as
shown in Figs: 18 and 23, by driving piles, marked , all around the
place where the post is to be set, and filling between, and over
them, if necessary, with the concrete.

‘Where this is not necessary, another plan, shown in Figs. 19 and
24, is more usually followed, in which the post hole is simply filled
with concrete and broken stone below.

Where the ground foundation is good, but the surface soil is
mobile, as in the Mississippi valley and elsewhere, in which case
side thrusts are not well resisted, still another method, shown in
Figs. 20 and 25, may be employed, consisting of a stout resistant
boxing or lining to the post hole, of iron or wood, as shown at g,
and filled with concrete or sand inclosed between concrete ends, thus
forming a strong side support to the post, practically increasing its
section below the ground many times. At the surface of the
ground the posts may, if advisable, be additionally braced or guarded
from abrasion and injury by passing vehicles by means of caps or
collars, d or &', shown in Figs. 21 and 23. These are either of cast
or wrought iron, made in two parts, and bolted together and to the
post by means of ears or bolts passing through the post.

These posts, so set, at a distance of 44.4 feet apart, will be amply
suflicient in strength to carry safely a girder capable of supporting
substantially such trains as are now in general use, at a height of at
least 14 feet from the ground to the bottom of the girder.

II. Tee War.

The way upon which the train runs, Figs. 26 and 28, consists, as
before stated, of a single iron girder or truss for each span, 4 feet
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in depth, placed centrally over the line of posts, and comprises an
upper track-beam, a lower track-beam, upon the sides of each of
which are carried the rails, and Letween these track-beams the
bracing or trussing. At the proper height for resting the lower
trck-beam the bracket angle-iroms, ¢, are riveted upon each post,

and on these irons the lower portion of the girder rests. The.
upper track-beam rests upon the extreme top of the posts, and
throngh the diagonal braces supports the trucks and cars, whose
weight is carried npon the lower track-beam.

The lower track-beam of the girder, C, is 8 box-beam composed
of two channel bars, 2 J, Fig. 26, to which are riveted flat plates,

4
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k &, which in turn are securely riveted to the post sides by angle-
irons. In the exterior recesses formed by the channel bars are
imbedded wooden beams, m m, one on either side of the line of
posts, which may be single sticks or composite beams made up of
several pieces, and which act as rail stringers. Across the girder
at intervals of about 2 feet are riveted T or double angle-irons, as
shown at n, Fig. 28, in order to bring the entire strength of the
iron into action.

In the angle formed by the upper plate, %, of the box-beam, C,
with the channel bars, /, on its outside, the angle-irons, O, are also
riveted. These may be made much deeper than shown, so as con-
siderably to stiffen the girder and serve as attachments for the
braces, D; or, as shown, attachment plates, p, are inserted at the
proper intervals and riveted to the angle-irons, O, and diagonal
braces, 2, composed, as shown in Fig. 80, of two angle-irons and
a plate, or of channel bars, or | beams, attached by similar plates
to the upper track-beam.

The upper track-beam, B, of the girder, is also & box-beam com-
posed of two channel bars, '7', and two exterior angle-irons, &' £,
re-inforced by angle-irons, » r, all well riveted together and carrying
in the recess formed by the exterior angle-irons the stringer beams,
m' m', of solid or compound sticks of timber, for supporting the
rails, as described.

An expansion joint, Fig. 32, is formed at the end of these upper
track-beams, by means of a bracket, S, firmly riveted to the post,
to which the brace portion, D, and the attachment plates, p', are
fastened by bolts passing through slots of sufficient length to allow
for the ordinary expansion or movement of each section of the way,
due to changes of temperature.

The lower surface of the upper box-beam rests upon a terminal
plate at the top of the post, which thus takes its weight, so that
these brackets in the slip-joint serve only as guides. The upper
beam may also be made up as shown in Fig. 29, in which ¢ is the
lower plate connecting the two lateral channel bars of unequal
flanges, 4* 2%, and 2 a top plate to form the box-beam. The pur-
pose of using wood for the track stringers is not only to form a
continuous support for the rails and a convenient substance for the
attachment of the rail fastenings, but to assist in the preservation
of the alignment of the way due to its freedom from expansion by
heat, and also to aid the iron work in resisting longitudinal stresses
upon the girder, as in braking a train. It also supplies required



BAPID TRANBIT AND ELEVATED RAILROADS. 98

elasticity for rails and girder, saving the iron fromn unneces-
wry wear from knocking and pounding, in several important

The rails of this structure are four in number; the two bearing
nils, which carry the load of the car, being angle-irons placed upon
the outer upper edge of the stringers, m, upon the lower track-
beam. They are marked ¢ in the figures, and are fastened to each
other, to the stringer-beams, and to the lower track-beam of the
girder by through-bolts, %, as shown. The upper track-beam also
arries two vertically placed rails for the balancing or friction
wheels, lettered ##, and are similarly held to the stringers, which
project over the line of posts and braces and have a small recess
beneath them under which flanges upon the horizontal wheels run
to securely lock the truck upon the track.

The horizontal distance from outside to outside between the
lower rails which is found to be sufficient for transverse stiffness
is 22} inches, which thus constitutes the gauge of the road and the
total width of the way with its rails in the street ; the correspond-
ing gauge of the upper rails being 17} inches.

It is anticipated that the form of rail section in common use
vill be eventually adopted in permanent constructions, in which
cse the lower wooden stringers may be chamfered off at their
upper outward corners to take the rails, whose axes would incline
ot an angle of about 45 degrees with the vertical. The length
of the posts, 24 feet being usually sufficient, occupying 4 feet for
the truss and 6 below the surface of the ground, giving 14 feet
clear way beneath the truss, will be varied to follow the grades
snd contour of the ground ; and at freight houses the girder may
be sunk below the surface 2 feet, to facilitate unloading upon
low platforms or into teams, or remain at grade, the platforms and
road being raised the same amount.

: The present cost of building the permanent way is about as
ollows ; '

oo Way, with high posts............c..ovennens $70,000 to $75,000 per mile,

. R L 50,000 to 55,000 ¢

Wooden ¢ angle-iron rails.... ............. 20,000 to 25,000 ¢
“ow ‘  round posts and sawed wooden rails,* 8,500 ¢ ¢
oo ‘“ hewed track-stringers and hard wood rails,* 4,500 “

* Estimate of H. Haupt, C. E. In a timber country and with the cheapest
Poesible wooden construction throughout.
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III. Tue Swrrch.
The switch, Figs. 34-88, consists in simply swinging a single

section of the way upon a peculiarly constructed and very strong
hinge attached to one of the posts.

A

b’

In Figs.34 and 37, 7, and the continuance beyond the other post,
&, are portions of the main line; A® A% the section composing the
switch ; A4, its hinge, the whole being shown in plan in Fig. 37.

The movement of the switch must be sufficient to enable the
cars and trucks on one track to clear the end of the rail on the
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other track, or some 4 or 5 feet. When operated, the free end is
swung over upon the supporting carriage provided with rollers
trsveling upon the supporting rail v, being operated by suitable
chaine and rag wheels by means of a winch or hand wheel, &,
Fig. 88, and locked in position by & locking device shown in Figs.
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85 and 88. Tig. 86 shows the connection of the rag-chain with
the free end of the switch and its carriage.

The hinge is strongly bracketed out from the post at the
end of the main way, 7, as shown in Fig. 84, and consists of a
series of curved iron plates arranged concentrically around the
Plvot-pin or pintle, A% One-half of these plates are attached to
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the swinging section and one-half to the post, the series on each
being composed of alternate layers of concave and convex ended
plates which shut into each other so as to retain the strength of
the track at this point and yet form a hinge. In operating the
switch, the first movement of the hand wheel withdraws the lock-
. ing spring-latch, &% from engagement with the girder, by means
of the wedge-cam, &®, and this device ie also designed to be operated
automatically by a moving train.

A singular effect of the inclined position or re-entrant angle of
the truck wheels, described later on, has been found to be such
that in running upon a switch left open even to the extent of 15
inches, the switch will be closed by the train, thus increasing the
safety of this feature.

The angle formed at the pivot or hinge end need never exceed
5° for by dividing the throw of the switch equally to right and
left of the center line of main way, the length of switch truss
required would not exceed 35 feet, which is a very moderate length.

IV. Tre WoopEx Way.

A form of coustruction for the permanent way of much less
cost than that built entirely of iron, is illustrated in Figs. 39—44.
It consists of a wooden Howe trnss, Figs. 39, 40 and 41, which
may be set on posts of any shape, ¢¢, showing the rails as
before. Fig. 43 shows straps of wrought iron passing over the
tops of the posts, upon which the lower beams of the compound
girder are hung, being in this manner supported by the posts,
thus avoiding the cutting and loss of strength in the posts. F'igs.
42 and 44 are cast-iron chairs for the end bearings of the diagonal
wooden braces of the truss. The trussing may be altogether dis-
pensed with by placing the posts near enough together, as it may
be a more economical construction in some cases to adopt.

V. Tune Truck.

The truck which has been found best adapted to the peculiar
form of way has been designed and constructed as a development
of the considerations governing the adoption of the permanent way
Fig. 45 shows an end view, Fig. 46 a side elevation, and Fig. 47
the plan view. It consists of a horizontal rectangular wrought-
iron frame, 1, Fig. 47, stiffened by cast-iron pieces, 2, Figs. 45 and
47, and provided with stiff cast pedestals, 4, 5, 6, bolted to its
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Fig.46

ne.47



98 RAPID TRANSIT AND ELEVATED RAILROADS.

under side, in which are fixed short axles for the wheels. The
supporting wheels, 7, of each truck are four in number, and have
a notched rim or right-angled groove which fits the angle-iron rail
upon the upper corners of the lower track.stringers, being placed
at an angular position of about 44° 50" with the vertical, so as to
ran upon it, the axles being inclined.

Between the supporting wheels are two horizontal wheels, 8, one
on each side of the girder, upon vertical axles attached to the
truck frame, and bearing upon the vertical rails on the upper track-
beam of the girder. These move to a limited extent in sliding
boxes, ¢, Fig. 47, to which their axles are affixed, are kept in yield-
ing contact with the rails by eprings outside the boxes and serve
the purpose of balancing wheels to take side oscillations of the
cars. They have flanges which lip under the lower edge of the
rail-plates and thus tie the truck to the rails so that no lifting or
jumping can take place, or the possibility occur of the trucks rum-
ning off the track.

The truck wheels, which are large, being 42 inches in diameter
yet light and strong, have a broad tread of 3} inches upon
each bearing face, and rotate independently of each other upon
large fixed axles surrounded by a loose sleeve which divides the
friction. They are lubricated by oil carried within the axles, which
are hollow, so that the journals constantly run in a bath of oil,
none of which can drop out by reason of caps tightly screwed over
the hubs of the wheels upon the under side.

Between the supporting wheels on either side of the girder are
strong safety braces of T iron, extending from the pedestals, 5, to
points opposite yet so as to clear the rails by a small amount; and
since the wrought-iron frame of the truck comes immediately
above the girder, should any or all of the truck wheels break and
even fall off, the frame would fall but about an inch before resting
upon the girder, forming a strong shoe which would slide upon
but could not leave the way, or allow the cars to overturn. That
is, even in case of the breakage and absence of all the truck wheels,
the framing alone could not leave the way, without lifting it
through a space of over four feet, the entire depth of the girder,
and this shoe is inade sufficiently strong to maintain the cars, even
without the wheels, in position upon the way.

Upon the top of the truck frame is a wrought-iron movable
frame, 3, Fig. 47, of segmental shape, carrying four spring posts
containing heavy spiral springs, the posts interlocking beneath
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their upper flanges with simnilar spring boxes or sockets securely
bolted into the floor framing of the car, which comes directly above
the truck, within 18 inches of the top of the.girder. A center-pin
serves to guide the turning of the trnck beneath this upper frame,
and horizontal flanges of the truck frame castings overlap the
periphery of the upper turn-table, thus as effectually tying the car
body to the truck as the latter is tied to the rails.

The distance between the supporting wheels is 4 feet, which
thus forms the rigid wheel-base of the truck, the trucks turning
st curves and switch angles upon the balancing wheels placed
centrally between them. Appliances for the transverse movement
of the latter upon curves are also provided, which it will not be
necessary to detail.

The theory of this truck is very simple, but yet has been
found liable to constant misconceptions. To explain its principal
featnres let it be conceived, in the diagram Fig. 51, that 4 is a
platform, assumed to be one foot in length
perpendicular to the plane of the paper,
loaded with an uniformly distributed weight
of 4000 pounds. Let @ a be vertical posts
smpporting this platform,in the first instance,
each of which posts would then sustain 2,000
pounds of load. Let B be a central post,
sd removing the posts a @ substitute the Fig.s1
diagonal braces or supports, 5. These diagonals now support the
ssme load as before, but the stresses in the braces 44 will be greater
than those in the former posts, @ a, in proportion to the cosine of
the angle that & makes with the vertical. For, the resultant resist-
\ ance of the brace, b, acting opposite and equal to the

¢ stress due to the weight of the load, taking the direc-

) tion and magnitnde of the latter on any scale to be

A R, Fig. 52, may be resolved into the two forces,

Aaand Ac at right angles, A ¢ producing an out-

| Wward strain in the platform 4, and 4 a being the

‘ Figs2 R component, in magnitude and direction due to the

weight acting directly downward, or equal to 2,000

pounde. Hence it follows that the load in the direction 4 R is
greater than that due to the weight, or 4 a; or

2000

Aa
AR === and B= 7om

= 2,837 pounds.
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Now, to support the weight upon a post and girder in this way,
E, Fig. 58, being an end view of the way, a shouldered stick having
a Dbearing against theé upper rail at ¢ may be used to carry
the load, bearing upan a notched stick &
at the other end, made to fit upon the lower
rail at ¢, which would thus support the
load. The resultant of the weight W, act-
ing downward npon one side of the post,
will be to produce a downward pressure
along the center line of  upon the lower

Fig.63 rail ¢, and a horizontal pressure upon the
upper at a. Now the supporting and balancing wheels of the
truck are placed in precisely the positions these braces would
occupy to support the load in the best manner upon this way.
Fig. 53 represents one-half, or one side of the truck. Of course
the same thing would be true of the other side, and the leverage
against the overturning of the car by any oscillations, unbalanced
loads, or wind-pressure upon its side is represented by the depth of
the girder, or distance between the rails @ and ¢ vertically, which
is about 4 feet.

The only difference is that in place of the fixed brace, with the
wheels instead of the props a rolling brace is obtained, supporting
the load wherever it exists, and removing so much heretofore neces-
sary obstruction from the street by transferring it to the truck
instead of allowing it to remain in the permanent way.

From what has been said it will be seen that the angle of the
truck wheels will not necessarily be 45°, but dependent upon the
proportions given to the permanent way. They are actually laid out
as follows : Let B, Fig. 54, be an end view of the
way, a and ¢ the rails. From a as a center with a
radius @ ¢, strikean arc ¢l Upon the same scale
cut off a portion of the arc from ¢, with the chord
cd equal to the middle diameter of the wheel.
This chord will form with the vertical the proper
angle to use for the wheel; and bisecting this,
b, the position of the axle is found, which is
maintained, together with the remaining brac-
ing needed, in the construction of the truck frame itself.

For all loads, whether due to wind-pressure or centrifugal action
upon the side @, or balanced or unbalanced loads acting downward
upon the side ¢, press the wheels against the npper rail at the point

Fig.54
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g,sbout which the truck tends to turn, and the wheel, b, will trans-
mit the force at right angles to the line ad, or du'ectly through the
center line of the wheel b c.

With this construction there are no end strains upon the hubs f
the wheels, since they are left free to move to a limited extent
slong the axles, being guided in position wholly by the iower rails.
This allows the wheels to separate by sliding out upon the axles,
shonld an obstruction, such as the protruding of a bolt-head, exist
upon the track, while there can be no twisting strain brought upon
the wheel or axle. For, from the fact that the wheel is guided and
its position upon the axle determined entirely by the rail, there being
no hub bearingg, it follows that the bearing is always square upon
the bottoms of the axles, and the effect of the load is thus commauni-
cated at all times directly down through the center of the wheel to
the rail. From this it results that all loads, balanced or unbalanced,
aside from the weight of the wheel itself which of course bears
upon the upper flange, are, when the truck is once properly pro-
portioned, cqually distributed over the vertical and horizontal sur-
faces of the lower rails. For, since the force of the load acting
vertically downward may be resolved into two forces at right
angles, one acting through the center line of the wheel and the
other along the axle, the wheel with no end bearings to the hubs
would move until the latter component force becomes balanced and
neutralized, or, in other words, it would slide upon the axle until
the pressure of the wheel upon the vertical and horizontal surfaces
of the rail is equalized.

Besides the increase of load due to the inclination of the wheels,
there appears to be but one other mechanical objection to the con-
struction. Because of the varying diameters of the wheels at dif-
ferent distances from the center line there will be a slip of the rims
in every revolution equal to the distance they will travel in arevo-
Intion beyond that of the central element. This will probably not
Prove more objectionable than the present flange friction existing
upon railroads, and may be improved by slightly flaring the grooves
upon the sides so a8 to bring the bearing principally near the cen-
tral portion of the wheel rim. It may be entirely avoided by the
use of ordinary rails placed at the proper angle, and providing the
wheels with a flat tread at right angles to the center line, with
double flanges upon the edges.

By reason of the independent motion of all the truck wheels,
which is rendered practicable only because the design of the truck



102 BAPID TRANSIT AND ELEVATED BAILROADS.

prevents the possibility of derailment fromn any cause short of the
destruction of the way, curves are followed so closely that, prac-
tically, the increase of friction of the cars upon curves even as
small as 50 feet radius, is too slight to be noticed or measured by
weighing in a model one-eighth of full size. The construction also
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admits of a car 50 feet in length turning by means of these trucks
from a street but 28 feet wide into another of the same width.

In Figs. 48-50 is shown an alternative plan of construction for
the truck. It is provided with vertical instead of inclined support-
ing wheels having flanges upon their outer rims, and is designed
especially with a view to the use of electricity as a motive power.
Fig. 50 shows a dynamo-motor for the truck and car, the electric
current in this case being derived from the rails, which are insulated
from the girder for the purpose, expansion being provided for by
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wables at the slip joints of the
posts. The motive power is con-
veyed to the truck and cars
throngh the horizontal wheels,
which act as the driving wheels.

VI. Tae Passencer Caz.

The car designed by Captain
Meigs is novel in many of its
features. An outside view, end
view, and cross-section are illus-
trated in Figs. 55, 56, and 57. It
eonsists of a strong well-framed
platform built of 5 inch channel
beams, 7 feet 6 inches in width
by 51 feet 2 inchesin length over
all, trussed upon each side for
additional stiffness and attached
tothe trucks by four interlock-
ing spring posts at either end.
The body traming is composed of
light T iron ribs, bent in circular
form, filled in by panels covered
with upholstering, which covers
the entire interior, and sheathed
with paper and copper upon
the exterior. The car is per-
fetly cylindrical above the
floor, 10 feet 8} inches in dia-
meter, inclosing the same cross-
sectional area as the standard
carin use. The construction is
made as light as possible, and
strength of form carefully stud-
ied. The cylindrical shape is
expected to diminish wind re-
sistances and stresses fully one-
third as compared with the ordi-
nary car. The seats, or chairs,
52in number, are arranged as in
parlor cars, <. ¢., independent, re-
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volving,and also folding up at will to gain space when unoccupied.
They, like the whole interior of the car, except the windows, are up-
holstered, and comfort and luxury has been studied in every detail.
The chairs, as well as the device for securing ventilation at each
window without the annoyance of entering dust, are new and special
devices of the inventor. If it were ever desirable, one would be-
come more easily reconciled to rolling down an embankment in
one of these cars than in that of any other known form, for the
entire absence of sharp corners and salient points is noticeable.

VYII. Tue Enging.

The engine or locomotive for this system comprises a platform
car supported upon two trucks, one at either end, housed in similar
manner in all respects to that of the passenger car. Its general
sppearance and principal working parts are shown in Figs. 58, 59,
and 60, in outside view of engine and tender counpled, s front view
of the engine, and plan of engine floor with the locomotive mecha-
nism and boiler upon it, the position of the latter being shown by
broken lines. The engine floor is 7 feet 6 inches in width and 29
feet 3 inches in extreme length ; that of the tender, carrying tank
and bin for the water and coal, being 25 feet 8 inches in length,
allowing additional room for baggage or the transportation of em-
Ployees, or for other purposes. Upon this floor, in the engine,
covered with }-inch iron plates, are supported in effect two com-
plete stationary engines, each connected with and operating a single
driving wheel, the pair being horizontal in position and opposite

each other on either side of the upper track-beam of the girder and
midway between the trucks.

A Dboiler of the locomotive type, though shorter, being 60 inches
in diameter of shell, and 15 feet in length over all, is placed over
the engine mechanism, its center line being 61 inches above the
floor. It contains 208 tubes, 2 inches in outside diameter and 7 feet
long, with a grate 4 feet 6 inches square, containing 20.25 square
feet area. For city use anthracite coal will be used for fuel. The
grate in this case consists of water tubes having spaces between the
sets at intervals of about one foot for solid round two inch wrought-
iron bars, which may be withdrawn for the purpose of dumping the
fire. The crown sheet is arched or elliptical in shape, stayed to the
outer shell by radiating screwed stay rods riveted upon their ends,
and is inclined downward 4 inches at the back end, to allow of
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of the engine and 61} inches apart. The piston rods connect with
independent croes-heads sliding npon steel guide rods 2} inches
in dismeter and 22 inches centers, these being supported at their
ends by cast-iron standards bolted to the floor beains.

The driving wheels, 44.6 inches in diameter, flanged upon their
lower edge, in form and position similar to the balance wheels of
the trucks, are supported and .rotate npon short stout axles of steel,
6 inches in diameter, which extend through
adliding-box containing the journals, These
boxes slide in cast-iron ways transversely
to the longitudinal line of the engine, the
axle having a crank keyed upon its upper
end. The crank-pins rotate in square blocks
which slide in a rectangular groove in the
under side of the cross-heads, the arrange-
ment being in effect the well-known device
called the slotted yoke connection.

The slide valves of the usual locomotive
form, in steam chests upon the cylinders,
are operated by the common link and double
eccentrics which are here put upon the
driving axles immediately above the floor Fig 59.
of the engine, the weight of axles and
wheels being supported upon a collar beneath. The only novelty
in the valve motion consists in the horizontal instead of vertical
position of the links, this requiring somewhat heavier and larger
rock-shafte than usual, having vertical axes, the upper horizontal
arm of the rock-shaft being connected with the valve rod by means
of a short swinging link, and the lower arm carrying the pin within

the link block.
For operating the links two bell-cranks shown in the plan are

employed, the Jongitudinal arms of which are connected with the
usual link-hanger and strap, though in horizontal position, and the
trangverse arms with a central sliding piece of wrought iron, which
in turn connects with the plunger of a hydraulic cylinder, some 2
inches in diameter by 15 inches long. The throttle valve, link-rod,
brake and coupling rods, as well as the connection between the driv-
ing boxes for producing pressure and adhesion upon the rails,are all
operated by hydraulic power, though hand levers are also retained.

The method of obtaining adhesion of the driving wheels to the
rails, by means of a cylinder and piston attached by pins and eyes
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respectively to the sliding driving boxes, which is thus secured in-
dependently of the actual weight of the engine, enables it to be
made considerably lighter than the ordinary locomotive for the de-
velopment of the same amount of power. It also attains another
very important object, that of a variable adhesion.

The extent of pressure is entirely controlled by a simple 3-way
hydraulic cock admitting the working fluid, preferably glycerine,
under pressure to the pipes connecting with the cylinder from a
receiver or reservoir similar to the Westinghouse air-pressure
drum. A hydraulic pump maintains automatically a fixed press-
ure in this reservoir, or by means of an accumulator ingeniously
constructed two grades of pressure per square inch may be auto-
matically maintained, one for governing the pressure between the
driving wheels, and the other, less in amount, for all the other
purposes connected .with the operation of the engine. The object
of the sliding boxes carrying the driving wheels is to enable the
latter to follow the arc produced by the rails upon curves, and its
extent of transverse sliding from a straight line connecting the two
trucks is about 6 inches.

The engine driver occupies the front portion of the engine, the
fireman attending to the furnace at the rear end. The former
stands or sits upon an elevated platform, and has an unobstructed
view of the way through the windows of the monitor roof. Be-
fore him upon a shelf are the five hydraulic cocks controlling, re-
spectively, 1, the throttle ; 2, the reversing apparatus for the links;
8, the adhesion of the driving wheels; 4, the brake; and 5, the
coupling rods of the entire train, while just above are steam and
hydraulic pressure gauges and indicators, speaking tubes to fire-
man and conductor, whistle and bell ropes, comprising those ad-
juncts which secure safety and convenience in practical operation.

With an engine having these provisions for a grip upon the rails,
any grades from a horizontal to a vertical can be climbed, it being
a mere question of supplying sufticient lifting power by the engine.

‘While no provision has yet been made for connecting the two en-
gines with their driving wheels together, it being left for practical
running to determine the matter, several appliances are in readiness
to be added if necessary. This can be accomplished by a mechan-
ical connection in the mechanism, or by the valve motion control-
ling the steam distribution, or by the independent means of a
hydraulic eylinder or auxiliary steam engine to throw either driv-
ing wheel over the dead points, when needful.
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VIII. Tue CourLINGS.

These are antomatic in their action, interlocking when coupled,
the nose of one draw-bar entering a socket upon the other to form
a rigid bar between the two truck centers. A rod extending
through them parallel to the draw-bars and making butt joints
when two draw-bars are coupled, controls the coupling hooks, which
are similar to the Miller hooks, by means of slotted links of varia-
ble throw, and these hooks are operated in such a manner by
moving the rods hydraulically that the engineman can uncouple
any car in the train, from the engine. The object of this is that
incase of an impending rear or head collision, which are almost the
only serious possibilities of accident existing in this system, the en-
gineman, by one movement of ‘the hydraulic cock controlling the
conplings, can divide the train into sections consisting of separate
carg, each having a brake which sets automatically npon detach-
ment from the train, and thus, by partially destroying the mo-
mentum of the whole, cause the collision to take place by a suc-
cession of comparatively small blows from the engine and slowing
sections consisting of the separate cars instead of by a single blow
having behind it the momentum of the entire train. This is ac-
complished by a hydraulic eylinder and piston upon the tender, the
piston-rod of which eylinder pushes upon the coupling rods, com-
pressing springs upon them during traction, and which when
pressure is relieved as by movement of the controlling cock or
breaking apart of the cars from any cause, causes the rods to spring
out, withdrawing the hooks and uncoupling the cars.

Since the cars can neither lift nor swerve from the track, by
this construction of the coupling and of the trucks, end strains
can only be brought upon the car platforms directly in line with
them, strength to resist which is the leading feature of their con-
struction.

The draw-bars and couplings have special devices for a continu-
ousand positive connection throughout the train, although allowing
the draw-bars to swing upon the truck centers, and contain new
features of construction.

IX. Tue Brakss.

The purpose of a brake is to consume the power, momentum or
energy of a moving body such as a train of cars, by creating frie-
tion upon the wheels or rails, and it is in this system intended to
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be operated upon the horizontal or balancing wheels of the trucks,
although they may be fitted upon the supporting wheels also. In
the former case they may be automatically operated by powerful
springs a:ting upon toggle-joints so as to cause the wheels to
pinch the npper track-beam of the girder, or by shoes upon their
rims, controlled in either case by hydraulic means similar to those
of the couplings. It is comsidered preferable to employ spring
pressure to throw the action of the brakes on, and positive press-
ure by the hydraulic cylinder, to throw the friction off, during
draft of the train.

It has been found in the Westinghouse brake experiments that
the most efficient action of the brakes exists at the point of greatest
pressure upon them before slipping of the wheel takes place. If the
wheels slip, the friction is at once greatly reduced. That is, more
power can be consumed in a given time by braking upon the rolling
wheels than by the sliding of the same wheels without turning, upon
the raile. It is well known also that in the ordinary form of brake
the pressure comes upon but one-half of the longitudinal cross-sec-
tion of the axle or one-fourth of the brass, owing to the use of half
boxes, and the position of the brake block with reference to them.

In this method it is resisted by the full half section of axles,
which are made large for the purpose, and the momentum of the
train is consumed not only by the friction at the brake-shoe, but
upon the axles and rims of the wheels pressing npon the rails, whick
latter is doubled, with the same braking force, by the equal friction
produced upon the opposite wheel on the other side of the girder.

The action of the brakes as well as that of traction can be best
illustrated by the rails rolling between the rolls of a rolling
mill. It is this well-known action reversed, and it is easily seen
why no slipping of the wheels can occur by auy pressure upon
them. Indeed, as in the case of the transmission of pressure
through the supporting wheels of the truck directly through the
center of the wheels, which has been discussed, the greater the
pressure or load the more these actions are insured.

It should be said that the brakes just described are additional
to the ordinary hand-brakes with which each car is to be supplied
for use in an extraordinary emergency.

Continuing the discussion of the principal details of this system
which have beeu described, there remains room for the short ex-
amination of a few leading points only.
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The weights of engine and cars as actually under construction
will be abont as fol]ows :

Weight of each truck, complete.............cooviieiiiiiininnnnn. 6,400 1bs.
“  engine carriage, exclusive of boiler and engine.......... 20,386 ¢
“ enginemechanism ...........c.oiiiiiiiiiiiiiiiiiiee, 11,095
‘“  boller, empty, about...... 6,500 1bs. In ordinary work-

ing condition,.. 8,500
“ engine,with boil'r,compl’te. 88,000 ‘“ In ordinary work-
ing condition... 40,000 ¢

“ tender........... “ 22,025 ¢ In ordinary work-
ing coundition... 43,000* *
AP, tiiiiseeneeicacnassas 25,000 ¢“ Loaded.......... 82,000

There being the same number of supporting wheels for the
weight a8 in the ordinary system, or eight for each engine or car,
there will be :

Load peunpporti.ng tmck wheel on engine, with ordinary working load. 5,000 1bs.

. tender 113 “« ““ “ 55O ¢
& € € €« car, ‘s . (X3 ce 4,000 "

Center of Gravity.—The center of gravity is considerably lower
and the stability greater in this form of railway than in either the
New York elevated or in the surface roads. It lies within a few
inches of the floor of the car, when loaded, or about twenty inches
from the way and rails, while in the other systems named it is
vearly fonr feet above the rails. A principal feature in this eon-
struction of way is the low point of support for the load, in con-
nection with a high-placed abutment for draft and brake power.

Curves and Centrifugal Forces.—Upon curves, the way is found
to be even stronger in form than upon the tangents, since the ac-
tion of centrifugal forces at these points has been found to act upon
the line of tangent posts, while the hoop form of the girder, so
long as it is preserved intact, effectually prevents any concentra-
tion of stress tending to overturn it, upon any single post. To
avoid all locating of posts in the streets, which is always desirable,
in tarning from one street into another, diagonal trusses may
be thrown across from the opposnte corner of the street, and the
track girders supported upon them, giving all required intermediate
Snpport,

Tractive Force and Resistances—The actual tractive power
which it will be necessary to employ in the Meigs system can be
determined only by experiment. The resistance to movement of

* With 1,800 gals. water, weighing 15,000 1bs., and 4,000 1bs. of coal.
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an ordinary freight car on a straight and level road at 10 miles per
hour is about eight pounds per ton weight, and the total may be
divided into a constant resistance due partly to the internal resist-
ances of the friction of the axles, and partly to the external resist-
ances of the rolling friction of the wheels upon the rails; and vari-
able resistances. The latter include additional resistances caused
by flange friction upon curves and by gravity on ascending
grades, the friction of the engine and its machinery, the resistance
of the atmosphere and of wind, and those caused by the lateral
play of the wheels and transverse oscillations of the engine and
train ; and all these are affected by the condition of the engine
and of the permanent way, the eveunness of the track, curves and
grades, the weather and wind. They are principally caused, how-
ever, by the speed, increasing as the square of the speed. The
fact, ascertained by D. K. Clark, that the resistance of a train
at 60 miles per hour was 21 pounds per ton, forms the basis of a
formula deduced by Mr. Forney. Taking the constant resistance
at 6 pounds per ton, since the resistance at any speed to that at a
known speed, 2 : B' = ¢*: v%, we have the resistance

n 21 o
R:ﬁ.'t”:wﬂ’:ﬁ-&m.

The resistances of the atmosphere also vary as the square of the
speed, and according to the estimate of Mr, Zerah Colburn, in
Locomotive Engineering, increase the above one-half, or 50 per
cent. The ordinary resistance of curves is stated to be fully cov-
ered by a grade allowance of 2} feet per mile per degree.*

The total train resistances then, were this railway upon the ordi-
nary system, may be taken at from 16 to 20 lbs. per ton weight of
train, at moderate speeds. This would be, for engine, tender and
fonr cars, weighing in all 210 tons, from 8,360 to 4,200 pounds, ex-
clusive of atmospheric resistances which would increase it to about
6,300 pounds.

The tractive power, or force exerted to move the engine with its
train one foot is

_2p4d.28
T="9%F >

*H. Haupt, C. B
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(pbeing the mean effective pressure of steam per square inch of
piston ; A the piston area, and § and R the stroke of crank and
ndins of driving-wheel, respectively); or, the tractive force which
must be exerted in order to equal and overcome the above resist-
ance for a constant speed of train may be found conveniently by
waltiplying the tractive power per pound of effective pressure per
square tnch on the pistons by the pressure per square inch of the
steam upon the pistons. The first is obtained by means of the
following formula reduced from that above, or

_d x §_ (12)* x 22 in,

D 40 = 71 lbs.

¢

(dand D Leing the diameters in inches of piston and driving-wheel
respectively). The mean effective pressure exerted through the
stroke, assnming the boiler pressure at 150 lbs. per square inch, di-
minighed to 130 1bs. initial pressure in the cylinders, with the cut-off
at { the stroke as usual, may be estimated at not far from 100 1bs. per
square inch of piston area; which, multiplied by the tractive power
per pound, 71, gives 7,100 pounds as the maximum constant force
" exerted by the engine at the rail, to pull the train.

Now the friction of the driving-wheels upon the rail, or the ad-
hesion produced, which alone inakes the exertion of the tractive
force useful in moving the train, is in the ordinary system entirely
dependent upon the weight or load upon the driving-wheels, and is
bat abont } of this load in amount, on an average. Thus it appears
that fully to utilize the power cxerted in the cylinders of the en-
gine, there would be required in the ordinary system a load upon the
driving-wheels, or a weight of engine upon them of 35,500 pounds,
inorder to produce the adhesion of the wheels necessary to pre-
vent their slipping. It is estimated that the actual loss by slippage
f’f the wheels and absence of means to prevent the bouncing or
Jimping of the wheels from the rails upon railroads is not less than
ome-fifth their circumference in every revolution, causing a con-
#tant loss of power to an extent of twenty per cent. of the entire
Power of the engine. The area of actnal contact of these wheels
.upon the rails has been found by measurement to be surprisingly
small, an average of many experiments giving an extent of but 1}
inches transversely to the rail by } inch longitudinally—an area
varying from £A% to % of a square inch, and averaging but 44
3quare inch ; from which it follows that the concentration of press-

8
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ure upon these limited surfaces varies from 26,607 lbs. to 85,961 lbe.
to the squnare inch, these enormous forces causing great wear and
tear on the rails. It has been stated by R. Price Williams, an
suthority upon the maintenance of way in England, that anything
which will reduce the resistance due to deflection of track under
these forces and consequent abrasion, by 4 or }, will soon effect
the saving of the whole cost of the rail.

In the Meigs system the bearings of the wheels upon the rails
are increased about 5% times beyond those in existing railroads,
while all bouncing from the track is effectually prevented, or at
least its evil effects off-set, so far as adhesion is concerned, by a
corresponding pressure upon the opposite wheel, at the moment of
occurrence. There can be no slipping of the wheels, when suffi-
cient power is supplied, in a variable adhesion system; they will
always roll, under light or heavy loads equally.

Now an ordinary locomotive having 85,500 Ibs. load upon the driv-
ing-wheels, to make available the 7,100 pounds tractive force we have
assumed to be required in this engine, would have to weigh in all
at least 60,000 lbs., or 30 tons, whereas this engine exerting the
same power will need to weigh but 20 tons, a clear saving in dead
weight to be transported of 10 tons, or 83 per cent. of the weight
of the ordinary locomotive.

The importance of this saving, resulting from the use of means for
producing a variable adhesion independent of the weight of engine
and possible only upon the system of way adopted, or a similar one,
demands particular notice.

Speed.—By this saving in power, an increase can be made in the
size of the driving-wheels, to draw a train of equal size as now run,
without a material increase in the expenditure of steam and coal;
from which it results that with the same number of revolutions
of the driving-wheels as that now customary, a large increase in
speed is attainable, with the same power of engine. Thus, for
example, a 10-foot driving-wheel, without slip, would require but
168 revolutions per minute to make 60 miles per hour, while the
ordinary 5-foot driving-wheel requires to be driven at 336 revolu-
tions per minute, even without slip, to run at 60 miles per hour,
which it will be seen is nearly the practicable limit, producing a pis-
ton speed of from 1,200 to 1,400 feet per minute. Any large in-
crease of speed beyond this amount can hardly be looked for upon
the ordinary railroad, for the requirements of safety against derail-
ment, and the safe working speed of the mechanism, together with
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the exertion of sufficient power to move the load, are the limiting
conditions which forbid the increase in size of driving-wheels
against the rapidly and enormously increasing train aud air resist-
ances, a8 the speed is augmented.

8o that, it requiring but 280 revolutions a minute at usual
speed of & 10-foot driving-wheel to make 100 miles an hour, as
compared with 336 revolutions with the ordinary 5-foot driving-
wheel to make 60 miles an hour, it will be seen that an am-
ple margin of steam is obtained, together with the absence of
slip,to run at such speeds with equal or ordinary power. Thus
it becomes perfectly possible and within the capacity of the present
locomotive boiler and without increase of piston speed, to run
traing at great speed upon the plan proposed, and the inventor con-
fidently predicts regular working speeds of from 75 to 100 miles
per hour upon this railway with equal and probably greater safety
than that with which 40 miles an hour are now run. The entire
abeence of connecting and parallel rods in this engine should be
noted as an important point in the attainment of speed with safety
from breakage in the engine mechanism.

Power.—Of course the power developed by the engine will vary
with the number of revolutions made. Although the term, horse-
power, is applicable to stationary rather than to locomotive engines,
since as a general distinction the office of the latter is to draw a load
nther than to lift a weight through a certain height, its power can
be reduced to an equivalent horse-power, this being equal to the pro-
duct of a certain weight attached by a rope to the circumference of
one of the driving-wheels into a certain height through which it is
lifted per minute, divided by 33,000. Since the power exerted is
equal to the gross work performed, it may be represented, calcu-
lated from the effective steam pressure and the speed, as follows :

_px2xAx2x8xN__4pASN

ar 33,000 =~ T 33,000 °

it therefore depending upon the effective pressure, p, per square
inch exerted through the whole stroke ; the joint area, 24, of the
two pistons ; the length of stroke, S, in feet; and the number of
revolutions, V, per minute, At 60 miles per hour with 10-foot
driving-wheels, the foot-pounds of energy developed at 168 revolu-
tiong would be 13,921,606 per minute, and the nominal horse-power,
422. At 100 miles per hour and 280 revolutions per minute the
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number developed would be 23,202,676 foot-pounds per minute
and the corresponding number of horse-power would be 703.

As to the train resistances at these speeds it can only be said
that no data now obtained are applicable. Their actual extent is
simply a subject for conjecture, and can be determined only by act-
nal experiment. . .

Itis evident that the same proportionate advantages may be real-
ized with the adoption of electricity instead of steam as the motive
power, for which the system is especially well adapted, and which
it is ultimately the intention to employ, with a consequent avoid-
ance of dust and noise.

In conclusion and in review, there may be noted the following
brief statement of advantageous points for the accomplishment of
rapid transit, as indicated in this system.

Summecry of the Chief Distinguishing Points of the Meigs Ele-
vated Railway System for Rapid Transit.

1. Seccurity from derailment by the construction of truck over-
hanging the girder and tied by the wheel-flanges to the rails.

2. The connection of the draw-bars and couplings to the trucks
directly beneath the car platforms, preventing telescoping or rising
of the cars in case of collision.

3. The increased security of the attachment of the car body to
the truck, having four posts for each truck, in place of the usual
single pivot-pin, and the tying of both together by interlocking
flanges. _

4. Obstruction in the streets and interference to light and view
reduced to 8 minimum, due to the reduction in the width of the
permanent way.

5. The advantage in strength of way due to bringing the stresses
of the load directly over the central line of posts, by means of the
diagonal supporting wheels.

6. The lowering of the center of gravity and consequent in-
crease in stability both of the cars and way, as compared with the
New York system.

7. The advantage of independently rotating wheels for the pre-
vention of slipping and flange friction, enabling each wheel to
follow the rail more closely than in the ordinary trnck, and thus
greatly diminishing its resistance upon curves.

8. The increase in breadth of tread of the wheels upon the
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rails to prevent the concentration of the load upon small areas,
and to thus reduce the wear upon the rails,

9. The saving of power attained in the production of pressure
upon the driving-wheels by means independent of the weight of
engine, and controlling the same so as to produce the variable ad-
hesion required.

10. Thelesseningin cost of operation by the reduction in weight
of engiiie and cars,

11. The cylindrical form of car and engine, for the diminution
of air and wind resistances upon their sides and resulting strain
upon the trucks and way.

12. The facility of turning sharp curves as small as those of 50
feet radius, enabling it to be constructed in narrow streets, not pos-
sible in the ordinary system, and the absence of increased friction
and resistances upon the curves.

13. The facility and economy in clinbing heavy grades without
loss of power by slippage, and, in general, by the holding of the

wheels against the rail without the possibility of rebounding from
them, as in the ordinary systemn.

14. The superior advantage of the system proposed of brakes
upon the upper or gripping rails.

15. The automatic coupling apparatus for diminishing the dan-
gerin head or rear collisions.

18. The increased safety of the switch due to its size and con-
struction.

17. The freedom of the way from obstructions, or from snow

and ice lodging upon the way and blocking it.

18. The entire absence of grade crossings, of trespassers, or the
possibility of other trains crossing at grade.

19. The economy of construction and maintenance of way due
toabsence of surface grading, of embankments and drainage ditches,
and diminished repairs in alignment and cost of the renewal of
cross-ties, '

20. The increased speed made practicable, with safety and econ-
omy, due to its special features as a systemn, as compared with the
ordinary system now in use.
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APPENDIX 1.

AN ACT TO AUTHORIZE THE INCORPORATION OF THE MEIGS ELEVATED
RAILWAY COMPANY.

Be it enacted by the Senate and House of Representatives in General
Court assembled, and by the authority of the same, as follows :

Secr. 1. Joe V. Meigs, William S. Butler, William A. Russell,
Roland Worthington, Thomas W. Pierce, Henry Hastings, Na-
than Appleton, Franklin E. Gregory, Edgar E. Dean, George A.
Alden, George E. Harrington, Frank Jones, J. W. Johnson,
George J. Carney, Charles E. Powers, their associates and suc-
cessors, may associate and become a corporation as the Meigs Ele-
vated Railway Company in the manner provided by chapter one
hundred and thirtcen of the Public Statutes and acts in addition
thereto, subject to all the duties, restrictions and liabilities con-
tained therein, so far as the same can be applied thereto, except
those parts referring to the “gaunge ” of the road, the amount of
its capital stock, and the manner of paying in the same for the
purpose of building, maintaining and operating an elevated rail-
way between some point in the city of Cambridge and Bowdoin
Square in the city of Boston. The location of said road across the
Charles River shall not be south of the southerly line of West
Boston Bridge, and shall thence proceed in the most direct prac-
ticable ronte to Bowdoin Square in Boston, and there terminate :
provided, however, that the board of aldermen of the city of
Boston may, for reasons of public necessity and convenience, to
avoid unnecessary damage to property, deflect the ronte from the
most direct line. For the purpose of applying said provisions of
said chapter one hundred and thirteen to the corporation hereby
authorized, it shall be deemed a street railway corporation.

Secr. 2. The amount of its capital stock shall not be less than
one hundred thousand dollars for each mile of road. Not less
than ten per cent. of said stock shall be paid in before a certifi-
cate of incorporation is issued, and the whole capital stock shall be
paid in in cash before the construction of the road shall be com-
menced.

Secr. 8. Locations for tracks shall be petitioned for between
the points named in section one of this act, and after fourteen
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days’ notice, of which notice a copy shall be left with the owner
or occupant of each estate on the line of the proposed location,
seven days before the hearing, a hearing shall be had before the
board of aldermen of the city in which the location is asked, as
provided in section seven of said chapter one hundred and thir-
teen, and after such hearing the board of aldermen may refuse the
location asked for, or grant the same, in whole or in part, under
such restrictions as they shall deem the public interests require,
and the board of aldermen of either of said cities of Cambridge or
Boston may, on like notice and hearing, revoke any location after
the expiration of vne year from the granting of the same, if, in
their jndgment, the public interests so require, and in case of such
revocation may require the structures of the company to be re-
moved and the location to be restored to its original condition at
the cxpense of the corporation, in the same manuer and with like
requirements as in the revocation of locations for street railways
under sections twenty-three, twenty-four, twenty-five and twenty-
8ix of said chapter one Lundred and thirteen.

Skcr. 4. No location for tracks shall be petitioned for in the
city of Boston until at least one mile of the road has been built
and operated, nor until the safety and strength of the structure
and the rolling stock and motive power shall have been examined
and approved by the board of railroad commissioners or by a com-
petent engineer, to be appointed by them, and to be paid by said
corporation a price fixed by said board.

8ecr. 5. The Meigs elevated railway shall not be built after the
manner of the New York elevated railways, but shall be built
according to the plans, methods and invertions of Joe V. Meigs, a
copy of which shall be filed with the Secretary of State within
sixty days of the passage of this act ; and upon granting a location,
the board of aldermen shall prescribe the height at which the low-
est part of the girder shall be above the ground, and the width of
the track, provided that its greatest width shall not exceed twenty-
two and one-half inches.

Sect, 8. The provisions of sections thirteen and fourteen of
chapter one hundred and thirteen, and sections thirty-eight to
forty inclusive, and sections forty-three to forty-five inclusive, of
chapter one hundred and twelve of the Public Statutes, and of
chapter two hundred and sixty-five of the acts of eighteen hundred
and eighty-two,* shall apply to said corporation. The corporation

* Provisions of the Qeneral Railroad Law.
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may take, in the manner prescribed in sections ninety-one to
ninety-three inclusive, of chapter one hundred and twelve of the
Public Statntes, as nuch land as may be necessary for the proper
constraction and security of the road, or as may be necessary for
depot and station purposes.

Secr. 7. The owner of any property taken for such railway, or
of any property abutting on streets through which said railway may
pass, not so taken, in any manner injuriously affected or lessened
in value, whether by smoke, noise, obstruction of light, air or
access, disturbance of quiet enjoyment or otherwise, by the con-
struction, maintenance or operation of said railway, may petition
for assessinent of his damages, and his petition shall be heard and
determined in the same manner and with like effect as now pro-
vided by law when real estate is taken for public highways. But
said corporation shall not acquire title to any land, nor enter upon
any street, until all damnages to the owners of land and abutters on
any part of a street occupied, or to be occupied, by its structure
have been paid or secured in a manner satisfactory to the owner,
or to be fixed by the superior court or any justice thereof, sitting
in equity for the county where the land lies, upon the petition of
either party and summary hearing. And the erection of the struc-
tures authorized by this act in any street shall be deemed a new
servitude, for which damages may be claimed by any owner of land
having a fee or an easement appendant or appurtenant to his land,
in, on, or over such street, or by any tenant of such owner. But all
persons claiming interests in the same cstate shall join in one peti-
tion. And such petition for damages on any street shall be filed be-
fore the expiration of one year after the structures authorized by
this act are built or operated in that part of such street contignous
to the petitioner’s estate.

Skcr. 8. The damages and costs recoverable by the persons
petitioning therefor, as herein before provided, shall become and
be a first lien withont priority to any of said petitioners as among
themselves, on all the property of the said corporation, having
priority of payment in full, except over debts and taxes due to or
assessed by the United States or the Commonwealth, or any county,
city or town in the Commonwealth ; eaid lien may be enforced for
damages and costs in equity. If any damages recovered against
said corporation, other than damages recovered by owners of land
and abutters on any part of a street occupied by any structure of
said corporation, or their tenants, as such owners, abutters or ten-
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ants, remain unpaid for thirty days after final judgment therefor,
the superior court may, by injunction or other suitable process in
equity, prohibit and restrain the corporation from continuing the
operation of said road, or maintaining any structure in any place
or manner injurions to the person applying for such relief.

Seor. 9. Whenever said corporation shall make any excavation
in or near any public bighway, or shall set any foundation, pier or
post, in or near the same, the surface of the street, sidewalk or
other ground shall be restored, as soon as practicable, to the condi-
tion it was in before the excavation was made, as near as may be;
and no interference shall be had with, or change made in, water or
g8s mains or pipes, sewers, drains or other subterranean works, ex-
cept with the concurrence of the board of aldermen first had and
obtained, and upon condition that the same shall be immediately
restored to a serviceable condition, as good as before the change or
disturbance, and at the sole cost and expense of said corporation.
And the superior court in equity may summarily enforce the pro-
visions of this section by injunction or other appropriate remedy.

8eor. 10. The provisions of section three of chapter one hun-
dred and five of the Public Statutes shall apply to the corporation
hereby authorized.

Secr. 11.  This act shall take effect upon its passage. [Adp-
Proved, March 18, 1884.]

DISCUSBION,

HMr. Durfee—I would like to ask the author of the paper a
question that occurred to me while he was reading it—whether
those diagonal wheels are sustaining wheels or steadying wheels.
The exterior diameter of the wheel is considerably larger than the
diameter of the bottom of its groove, and, it seems to me, there
mugt be a grinding action there,

Mr. Galloupe.—Thé diagonal wheels are the sustaining or sup-
Porting wheels for the weight. 'We do not suppose that that grind-
ing action will be any worse than the present flange friction upon
the ordinary wheel ; bat it can be entirely prevented by using the
ordinary forin of rail placed at the proper angle and changing the
shape of the wheels to wheels having a flat tread with or without
flanges at the sides.

Mr. Durfee.—It seems to me that the grinding action there
must be very destructive both to wheel and track. It would bring
& very awkward strain on the inner flange of each wheel.
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Mr. Kent.—1 did not notice any suggestion in the paper regard-
ing the influence of wind strains. We know how the Tay Bridge
fell down, because it did not have a wide enough base.

Mr. Galloupe.—All these questions have been carefully consid-
ered and gone over. It has been studied for sowme five or six years
both by a Civil Engineer as well as Mechanical Engineers, and
strain sheets made with every modification of the track structare,
and besides the calculations of theory, tests by model were made so
far as practicable. The whole system is now being built of full
size, experimentally, with about one-half a mile of track containing

Fie. 110.

the most extreme conditions as to grades and curves and difficul-
ties, which will ever be likely to occur in practice, and it is going
to be tested practically to see if the theories will be upheld. All
these things have been considered, and the maximum strains that
can be brought on the way and on every part of the system have
been taken in designing it.

Mr. Halsey—I am not a railroad man, but I see one point in
the design which appears to be very objectionable—the switch
shown on page 94. In principle this is substantially the old-fash-
ioned stub switch, the dangers of which are so great, even on sur-



RAPID TRANSIT AND ELEVATED RAILROADS. 123

face lines of track, that in the

* Sute of New York I believe

its nse is now prohibited by
law. It does not seem pos-
sible with a track constructed
on this plan to apply any of
the modern safety switches.
Asthe result of a misplaced
switth of the construction
shown, might be to run a train
off the end of the track and
drop it bodily into the street,
the objection seems to me a
serions—perhaps a fatal—-one.

Mr. Durfee.—The idea of
supporting a train of moving
cars upon a single rail sup-
ported by girders sustained
by posts is a very old one in-
deed. In the year 1824, five
vears before the opening of
the Liverpool and Manchester
Riilway, Henry R. Palmer,
civil engineer, published a
“description of a railway on
anew principle,” * which con-
sisted of a single track sup-
ported on posts, The wheels

and trucks were above the

roof of the cars, which were
suspended from the trucks
like panniers, on each’side of
the track (Fig. 110). The
center of gravity in that con-
struction was very much

wer than in the oneunder
consideration. One of the

Fia. 111,

* Description of a Railway on a new principle, with observations on those
bitherto constructed, and a table showing the comparative amount of resistance
on several now in use. Algo an illustration of a newly observed fact relating to
the friction of axles, and a description of an improved dynamometer for ascertain-
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illustrations of Mr. Palmer’s book (reproduced in Fig. 111) is of
especial interest as showing an early form of the cantilever bridge. -
The form of single rail, post-supported track desecribed by Mr.
Palmer has been several times before the public since the publi-
cation of his book. In the year 1834 Henry Sargent, of Boston,
built at Chelsea a circular railway (intended for amusement only)
on this plan, and commenced the construction of a larger struc-
ture in East Boston, on a location described as “ a marshy piece

Fie. 112,

of ground, full of creeks and ponds, and much more unfavorable
than the average surface of the country.” At the Centennial
Exposition there was a short section of single rail on posts, on
which ran a peculiar locomotive having a passenger car attached.
Other examples of similar attempts might be given. I fail to de-
tect any conspicuous novelty in the car body described ; substan-
tially the same construction was proposed by a Mr. Robbins and
an illustrated description published thereof many years since.
The plan proposed to insure tractive power by means of a pair
of horizontal gripping wheels was originally devised by Vignoles
and Ericsson (Fig. 112), and an English patent granted therefor

ing the resistance of floating vessels and carriages moving on roads and railways.
By Henry R. Palmer, Civil Engineer, Member of the Institution of Civil Engi-
neers, With plates. Second edition, revised. London: Printed for J. Taylor,
at the Architectural Library, High Holborn, 1824.
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in 1830, and it has been patented several times since both in Eng-
land and the United States. It was used on the Mont Cenis
Railway, but was not regarded as a decided success.

Prof. Hutton.—There is one thing to which I look forward with
interest, and that is to see how they will manage one of the details
of the switoch. If it is desirable to have the switch move over a
very small angle it would seem as if it were necessary that a very
long girder should be used to be swung at its heel in order that
the permanent way of the siding may clear the permanent way of
the main track. I know that that has been one very great diffi-
culty in railways constructed on this principle heretofore.

HMr. Schuhmann.—During the Centennial Exhibition there was
shown & short elevated railroad, and that had the rail in the mid-
dle and the wheels on top of the car. The car itself hung down,
saddle fashion, on both sides of the rail, as in the form illustrated
by Mr. Durfee.

The President.—Was the power contained within the car?

Mr. Schuhmann.—I believe it was ; I do not remember exactly.
The road was only about 150 feet long. They used to take pas-
sengers on it for five cents. It ran across Lansdowne Ravine in

Fairmount Park.
ADDED SINCE THE MEETING.

My. Galloupe.—In answer to Mr. Durfee’s remark that a slip-
ping or grinding action of the truck wheels would bring a strain
upon the inner flanges of the wheels, I would say that it was par-
ticularly intended to show in the paper, under the discussion of
the trick’s action, that such a thing could not occur, as demon-
strated both by theory and actual trials with models. The stresses
must be distributed on both flanges or sides of the truck wheels
equally, or they will move upon their axles (since there is nothing
to resist motion in contact with the hubs, and the position of the
wheels is entirely governed by the rails) until this occurs. This
has always been found a difficult point to establish, but will T
think become clear upon a little reflection. It is one of those
cases where seeing, rather than trnsting to theory, is believing.

In regard to Mr. Halsey’s comment upon the switch, I would
say that it is difficult to judge of a thing involving so many new -
conditions by the analogies of the surface railroads. We have
here no very small rail section or switch points, invisible to the
engine driver beyond a few feet away, and hence necessary to
have the protection of a safety frog, but in this case a large girder
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two feet wide by four feet in depth comprising the switch section,
its position being easily seen for a much greater distance, and
hence largely increasing instead of diminishing the safety of this
feature. Besides that, while the ordinary switch points have to
be moved not more than an inch or two out of place to derail a
* train, this switch may be moved fifteen inches out of place with no
effect resulting from a train running upon itin this position except
to close it, an action following from the form and inclination of
the truck wheels striking it.

The present safety switch system in use on surface railroads
embodies the features of a continuous bearing for the supporting
wheels, and this is by no means impossible in the Meigs system.
It would involve the use of a girder of double the usual depth,
and divided into two parts horizontally. The supporting wheels
would run on the upper boom of the lower member, and this
would be continuous except that it would have frogs. The upper
member would be the one to be swung to connect the branch
tracks and main line. The details of this safety switch have been
worked out so far as to demonstrate that it is fully feasible, but
in particulars, will depend largely in any instance on the details
of girder selected, and on the maximum and minimum headway
required or allowed by local authorities beneath the girder.

There is also a device to be soon applied to it that shall hold
the switch in one position or the other, as by springs, either open
or closed, so that I do not see that the switch is more unsafe than
the ordinary one, but quite the contrary. The great desideratum
is to prevent derailments, a thing which the ordinary switch is
not too perfect in accomplishing.

Prof. Hutton’s suggestion that a small switch angle would
necessitate a very long girder for the switch is undoubtedly true
but this truck will never require an inclination of switch section
to main line greater than about 5°, and is moreover perfectly
adapted to turning angles, not requiring a small switch angle on
account of its independently rotating supporting wheels, and the
central position of the upper wheels about which the truck turns.
With the above inclination, the length of switch truss will be mod-
erate, not exceeding 35 feet. '

As to the Robbins car, the only feature in common with it and
the Meigs is that it is round, the method and weight of the
framing and construction being dissimilar throughout. They
were both designed about the same time, I believe.
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I am obliged to Mr. Durfee for alluding to the history of
elevated or post line railroads. The earliest proposer of a single
post line railway, of which I know, in England is Henry Robinson
Palmer, whose patent is dated Nov. 22, 1821. He shows a beam
carrying a single rail on top and supported upon a line of posts.
Upon this rail runs a vertical supporting wheel for the load, which
in this case consists of bags carried one on either side, like pan-
niers. [Described in Rep. of Arts, Vol. L, 3d series, p. 129:
Newton London Journal, Vol. V., p. 151, Vol. X, p. 32: Mechunics’
HMugazine, Vol. XXVIL,, p. 349: Iegqister Arts and Sciences, Vol.
1,pp. 97, 131; Vol. I1., pp. 150, 358 ; Vol. IIL, p. 141 ; Vol. IV, p.
219; Vol. L., new series, p. 9; Vol. IV, p. 25: Engincers’ and Me-
chanics’ Encyclopaedia, Vol. 1., p. 615; Vol. IL, p. 425.]

Since then prohably over one hundred different patents have
been taken out in England and the United States in this line, of
which I will briefly refer only to the following.

Among the English patents, April 2, 1825, a patent was taken
out by Jacob Jedden Fisher for a suspended railway, in which
weights were shown suspended below the level of the rail on either
side, the track itself being supported like the floor of a suspension
bridge.

D. Maxwell, May 10, 1829, had a patent on susperded cars.

William Newton, an English attorney, took out a patent July
30, 1845, upon a rail of ordinary section, having horizontal wheels
running upon its sides, close to the ground. Another was that of
Robertson J. Clinton, June 4, 1846, who provided a central rail
between the two ordinary rails, and elevated this rail to a higher
position.

July 14, 1846, Sir Samuel Brown took out a patent on a central
rail and a wheel having a notched or V groove te run upon it.

In the United States, we have Henry Sargeant, May 6, 1825,
¥ho patented a post line railway carrying a rail on top and ver-
tical supporting wheels carrying panniers of wood, npon either
side. He printed a pamphlet upon it which was published in
Boston, April 30, 1827.

J. Stimpson, June 3, 1830, also patented a single post line
Wooden way, having side strips upon the posts.

In the patent of Bryant and Hyett, June 13, 1831, a vertical
¥heel is shown on a post line railroad, with the lond supported by
it hanging down on either side of the posts. A similar patent is
J. Richards’, patented March 9, 1832.



128 RAPID TRANSIT AND ELEVATED RAILROAD.

But the nearest approach to the method adopted in the system
under consideration was that by U. Emmons, in the United
States, April 17, 1837, who, in addition to the post line, single
rail and wheel on top carrying the car pannier-fashion, and which
extended down upon each side of the posts, employed side rails
upon the posts upon which run horizontal steadying wheels for
the lower part of the car.

July 2, 1872, a patent by E. Crew shows inclined steadying
wheels.

To conclude this brief review of these crude and disconnected
ideas but two more need be named.

The “Cameron " Pontoon Cart, proposed for South Africa, may
be regarded as the simplest possible form for a railway. It con-
sisted in fastening to the ground by rough, notched sticks a line
of hollow logs cut lengthwise in halves, not unlike a wooden house
gutter in appearance. In this groove was a single wheel carrying
a basket with arms on either side. This “wheelbarrow principle,”
as it is called, required the equilibrium to be maintained and pro-
pelling power furnished by men or animals. Also log railroads
have been used, one by Richardson Brothers, at a mill near
Truckee, Nevada.

This conception, elevated on posts about three feet from the
ground, was an idea suggested by J. L. Haddam, {Enginecer-in-
Chief of the Ottoman Government, for a military railroad, and a
section was built, with engine and rolling stock, the latter being
in form like an inverted V, or on the “camel saddle” principle,
hanging upon either side.

The single rail railroad, so called, built at the Philadelphia Ex-
hibition in 1876, over Belmont Ravine, was invented by Gen. Le
Roy Stone, of New York. It was elevated about 35 feet and was
about 500 feet long, really consisting of t/ree rails instead of one
the section being not unlike the letter A, with a rail at each angle
of the triangle. The supporting rail was at the top, the lower
rails carrying the horizontal steadying wheels for the saddle-bayg,
car. It was previously built at Phaenixville, Pa. The engine was
a rotary one of the La France pattern and connected direct to the
supporting wheels by gears instead of cranks. One fatal objection
to it seems to be its inability to turn curves.

Thus, while some of the ideas mentioned above undoubtedly
enter as elements in the system under consideration, it cannot be
said that any of them resemble it closely. It is a fact that this
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APPENDIX III1

RAPID TRANSIT AND ELEVATED RAILROADS.
(Page 102.)

Proor or Acrion oF Forcks o THE MEies WareLs.—In Fig.
139, let @ @ be the vertical force due to gravity acting downward
upon the wheels and guides. We may separate this central force
into two vertical and parallel forces b w, b w, whose point of appli-
cation is at the central point of junction of the axles and wheels.
Now, the force 5 may be resolved into
the two forces of which it is the resultant,
beand s, at right angles. Sw, at right
angles to the axle a 8, tends only to trans-
mit a pressure through the center line of
the wheel, or normal to the rail at c.

If we consider the axles produced until
they meet at @ as a rigid frame, being so
constructed in the truck frame as to be
immovable, but two motions are possible.
Ist. A rotary wmotion of the point @ in an arc passing through a, in
which case the arms as would slide through the wheels, which
motion is prevented with the least supporting force by the position
of the two balancing wheels pressing horizontally at the point a,
or exactly opposite to the tangential force which would cause rota-
tion. 2d. Since the angle cannot rotate, the effect of the load pro-
ducing the force b s tends to crowd the axles through the wheele
and to increase or spread the angle sas,the direction of the force
being b¢'.  Since this is balanced by a rigid resistance presented by
the truck frame itself, its reaction is equal and opposite to the
stress caused by the force as and produces a pressure, b¢, also
normal to the axle and rail at ¢, or directly throngh the center of
the wheel. .

Therefore, the wheel runs as free in the inclined position as
though it were running over a horizontal surface, and would do the
same if it had a flat tread parallel to the axle, and without flanges

or hub bearings, when it would lack only a guide.
129a

Fia. 189.
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To supply this, either hub bearings must be provided, which are
inadmissible, to prevent the wheel from moving out of position,
up or down upon the axle, or light flanges to keep it upon the rail.
The wheel itself rolls as free as any wheel rolls over a plane sur-
face. Neither flange in a flat tread-wheel would bear any portion
of the load (except the' small load due to the weight of the wheel
itself, which of course acts vertically downward nupon the upper
flange), but only serves to guide the wheel in position.

Since the direction of all loads on the car is the same as the force
of gravity acting on the trucks’ weight, the action will be the same
for all, light or heavy loads, equally. F.E. G.
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plen existed previous to the designing of the New York system,
and was offered at the time the latter had been determined upon.
Generally speaking, the differences from any previous ideas pro-
posed are that it is a truck system like the ordinary railway sys-
tem, and as such adapted to turning curves with facility. Then,
it is not & single rail system, but has four rails instead of one, two
or three, and the supporting wheels for the load are the lowest
instead of the highest rails where more than one is employed. It
also has four supporting wheels for each truck, or the same num-
ber as the ordinary railroad, which was not the case in the previ-
ous plans.

These early ideas were not practical : they had no truck system,
and nobody would put in money to develop the practical details.
Asin the case of the telephone and other great improvements, it
is the man who can develop the crude ideas, put them in practical
form in all their details, and who creates a new and useful appliance
bya new application of principles, though they be very old, who
it entitled to the larger share of credit. In considering a rail-
road, unlike & machine which may be complete in itself, we must
have a system which is complete. Previous attempts have failed
because the system necessary could not be, carried out without
meeting objections fatal to success. Besides, so far as appears,
but few of those mentioned ever advanced beyond the conception
stage to anything like a practical working. -

9
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TWIST DRILLS.

BY WILLIAM H. THORNE, PHILADELPHIA, PA.

TrE following paper is offered as an inquiry into the require-
ments of the cutting edges of twist drills, and as a suggestion of a
mode of procedure by which a proper form for them may be de-
termined.

Each lip of a drill is required to cut a shaving from a metal
surface and should be in the shape of a wedge. The angle in-
cluded between the faces of the wedge, will be called the cntting
angle, and that between the surface being cut and the adjacent
face of the wedge, the angle of clearance. In order to secure the
greatest efficiency in cutting different metals, these angles should
be varied, but, on account of the inconvenience of having to keep
a different set of drills for each metal, a compromise has been
evolved which is reasonably efficient for them all. It is known
that the best cutting angle for wronght iron is about 60 degrees
and for cast iron about 70 degrees, the angle of clearance being
from 3 to 5 degrees ; hence, if we take 65 degrees as the cutting
angle of a drill, it will answer for either metal.

The body of a twist drill is a cylinder, grooved on two opposite
sides. The intersections of these grooves with the end of the
drill form two lines, the straight portions of which should be
parallel with each other and at a distance apart equal to about
one-eighth of the diameter of the drill and leading from the cir-
cumference a little past the axis, then curving backward in a di-
rection opposite to that of the rotation of the drill and again touch-
ing the circumferenco at a distance of rather more than a quadrant
from the starting point, as shown by the accompanying drawing
(Fig. 61). If these grooves were parallel with the axis, it is evi-
dent that the cutting angles of the drill would be 90 degrees, less
the clearance, or say 85 degrees. In order to reduce these
angles to 65 degrees, the amount required, the grooves are cut
spirally, making the angle of the spiral about 20 degrees, or
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its pitch about nine times the diameter of the drill. This
makes the cutting angle correct only at the part of the lip farthest
from the axis, while it will increase in magnitude from this point
in to the point nearest to the axis ; but, as the epeed diminishes at
the same time, this increase of the cutting angle is not objectionable.
For brass, the cutting angle should be from 80 to 90 degrees;
therefore it is best either to use a flat drill or to alter the cutting
angles of the twist drill by grinding off the lips by planes parallel
tothe axis and to each other. Another object in making the grooves
spiral, is the lifting or screwing out of the chips from the hole
which is drilled.

The distance between the parallel sides of the grooves at the
axis gives the necessary strength to the center or web, while the
strength and stiffness of the drill is further increased by the metal
adjoining the curved parts of the grooves. The cylindrical por-
tions of the drill, which are left hetween the grooves, should be
backed-off from their forward edges, to an uniform eccentricity, in
order to diminish the rubbing surface and to prevent undue friction
snd sticking.

The angle of clearance of the lips is obtained by the shape to
which the end surfaces of the drill are ground, and the straight
part of the intersections of these end surfaces with the grooves
forms the cutting edges. The most efficient shape for these end
surfaces can best be determined by considering that the surface of
the metal being cut is in the form of a hollow cone, truncated a
certain amount depending on the thickness of the web of the drill.
The cutting edges of the drill will touch this hollow cone in straight
lines. Now, imagine a portion of a conical surface to coincide with

this hollow cone and then to be rotated about one of these straight
lines through an angle of, perhaps, 5 degrees. It is evident that
this would produce an uniform and similar clearance throughout
and would be perfect. It is the object, therefore, to approximate
this in shaping the end of the drill. As the two cutting edges are
straight lines, parallel to each other but at a distance apart equal to
the thickness of the web, and as each is prcduced by the intersection
of a conical surface with one of the grooves of the drill, these conical
surfaces must be selected so that their intersection with each other
will prodnce a proper form of chisel point, and so that they will
approximate as nearly as possible to the surface of the hollow cone.

Tlie accompanying illustration (Fig. 61) represents on a scale of

oue-guarter size a 2-inch and - inch drill as they should be ground
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by a well-designed machine, the complete conical surfaces and inter-
sections being shown by fine lines. In these drills, the apices of the
conical surfaces are moved away from the apex of the hollow cone
a sufficient distance to produce,
by the intersection of the sur-
faces, a proper form of chisel
point ; the axes are inclined so
that the radius of curvature of
g5 the surface at the outer end of
XX the cutting edge corresponds
with that of the hollow cone;
and these axes do not lie in the
same plane but in parallel
planes, at a distance apart
greater than the thickness of
the web of the drill, so that a
tangent to the conical surface
will make an angle of 5 degrees
with a tangent to the hollow
cone at the outer end of the
cutting edge.
The shanks of twist drills are
Fig. 6! turned tapering, but unfortu-
| I nately there has been no sensible
standard adopted either for their
diameters or the amount of taper. [Each machine-tool builder has
made the sockets in the spindles of drilling machines, lathes, etc., as
circumstances or the fancy of the moment happened to suggest.
The Morse Twist Drill Co. established a standard, which has been
adopted by most drill manufacturers and some tool builders, but,
by some unaccountable perversity, the diameters are uneven and
irregular, and each different size has a different taper. They also
adopted, as a method of driving the drills, the use of a flat tongue,
milled on the end of the shank and fitting in a slot acroes the
bottom of the socket, which method has unfortunately been almost
universally followed. This tongue frequently twists, its corners get
rounded, and it injures the slot in the socket, soon rendering the
latter useless. A far better device, to which the writer has been
long accustomed, is a key fitted permanently into the socket and
extending the entire depth of the latter. This key fits a groove in
the shank of the drill and supplies a perfect means of driving the
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latter, with & minimum of wear and strain. The end of the shank,
for  short distance, is turned smaller, and is hardened to prevent
sny upsetting by the use of the drift or wedge in removing the
drill. The amount of taper, proper for the shanks, is a disputed
question. The Morse taper averages less than § inch in diameter
per foot of length, or an included angle of about 2° 54', but with
drills driven by means of a key, § inch per foot is better, as it en-
ables the drills to be more readily removed from the socket, and at
the eame time prevents them from falling out by their own weight.

The foilowing table gives the proportions of the Morse taper
drill shanks. The diameter is measured at the mouth of the
socket. The length is measured from this point, parallel with the
axis, to the end of the shank. The taper is the amount of increase
in the diameter per foot of length.

MORSE STANDARD DRILL-SHANKS.

DIANBTER. LENGTH. ! TAPER. l THICKNESS OF TONGUE.
!
A5 2.4 " 604" ¥
809" 2.86" 8 " "
.mll 8.5117 .wlll "
1.281" 4.5 " 615" i,
1.148" 5.76" .625" "

The writer suggests the following as a table of standard propor-
tions for the shanks of twist drills.

PROPOSED STANDARD DRILL-SHANKS.

DIAMETER. LENGTH. TAPER. THICKNRSS OF KEY.
”n 2*” ;’I "
: 3 : L
, ' i f«
l 4&” ’ * ”
l ”n 5&" " &I’
s " 0*’[ " i ”n

DISCUSSION.

Mr, George R. Stetson.—In the matter of the proper grinding of
twist drills, the manufacturers are interested, as the ome thing
standing in the way of their more general use is the want of care
in their grinding.
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The common practice, among metal-workers, of grinding a
tool when it is dull, without regard to the proper form, works
badly for twist drills.

The larger proportion of drills returned cracked up the center
and complained of as defective, are broken by not having the
clearance back of the cutting-edge properly removed.

There are several machines now in use that secure antomatically
the proper angle and clearance.

Their prices range from $100 to $200, the makers not being
able to furnish them for less. I would suggest that any one
making a machine for $50 to $70 to grind drills from }” to 1}";
or, better still, from 3" to 2", would be a public benefactor.

In hand-grinding, it takes but little practice to give the circular
clearance. Rest the drill on the left hand and move the shank by
the right hand.

The clearance can be measured by resting the drill point on a
plain surface, and holding a common rule parallel with its sides
and noting.

In a drill not much worn, the angle of 59 or 60 degrees, which
forms the cutting lip, in combination with the angle of 27 degrees,
which is the angle of the spiral at the point, will produce a
straight cutting lip or edge. Any deviation in the angle of the
cone or cutting lips produces a hooked or irregularly-formed
cutting edge. These conditions change somewhat as the drill
is worn toward the base, as the angle of the spiral changes.

To show that it pays to study to get the best results with drills,
I give some figures furnished me by a superintendent of a works
where drilling is an important feature. He writes: “I have
drilled with one %" drill 4,383 holes, each 2" deep, in annealed
cast iron. I drilled 1,200 pieces in one day, equaling 200 feet
deep. The drill is running 1,000 revolutions per minute and
feeding 6" per minute. One thousand revolutions of a & drill
gives about 82 feet per minute of speed at the periphery of the
drill.” I watched the working of a 4" inch drill in the same class
of work. In this case the work revolved, the drill having only its
forward or feed motion. The work made 528 revolutions per
minute. Feed was 88 to the inch, and the work was drilled 43"
deep in 51 seconds, feed being 6" per minute, and velocity of
periphery of drill nearly 52 feet per minute. In both the above
cases the cast iron was thoroughly annealed. The table of speeds
of twist drills published by the Morse Company, gives about 20
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feet per minute for iron. In a good quality of cast iron this could
be 30 feet. On steel as usually annealed, 20 feet per minute is
faist. Better results are obtained at 16 to 18 feet per minute.
The conditions of stock vary so much that any table of speeds
most be used with judgment.

Regarding the standard taper for the shanks of drills, the idea
of Mr. Morse was to establish a standard taper of §" to the foot.
He commenced in a very limited way to make drills in Bridge-
water in 1862, and did not secure the aid of capital until the
summer of 64, when the Morse Twist Drill and Machine Company
was formed and his works moved to New Bedford. The first set
of hardened and ground standards were made in 1872, and the
original idea of §” to the foot taper had been departed from or
was not accurately established at first. The stock of drills in
haod would have made it difficult to have made any change, and
the error has been allowed to continue. The greatest deviation
isin the No. 2 shank, and amounts to .025" in a foot, or .0059 in
the length of the shank. It would be much easier to correct this
error than to establish a new standard. The objection to a sharper
angle or taper is that the drill has a tendency to draw out of the
socket when coming through its work. This twists the tongue
snd produces most of the trouble complained of, and would be
best obviated by a taper less than §” per foot. The Standard
Teol Company, of Newark, established a standard of %" taper
per foot.

The desire to aveid the waste of stock required to make the
taper shank to drills will ultimately lead to the more general use
of straight-shanked drills and the chuck that will hold them strong
and true, to get all the work out of the larger sizes of drills with-
out their slipping, I would recommend as a secondary problem to
the man who should succeed in making the ideal grinder for
50 dollars.

Mr. Hawkins.—Referring to the grinding of twist drills, I pre-
Sunie that we may make up our minds that for many years to
come there will be a large proportion of it done by hand, even
though a comparatively cheap and good grinding machine could
be put on the market. I think that the suggestion made by Mr.
Btetson that the heel of the drill should be ground away is not a
good one, for this reason : I think Mr. Stetson would agree with
me that if we could grind a drill by hand so as to have whatever
i8 allowed to remain of the clearance angle a correct one, and
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grind the heel from there away as much as we choose, we would
have a perfectly acting drill. But the difficulty in grinding a
drill of that character is that the clearance angle is so short a line
that to arrive at a decision by the eye is very difficult; while with
a twist drill, if the whole heel is allowed to remain, it forms a
considerable guide to determine this angle of clearance, in the
same way that we can determine the inclination of a long horizon-
tal line pretty closely, while with a very short one we cannot. I
have seen myself, men who ground twist drills on a grindstone of
very small diameter and get them hollow from cutting edge to
heel, so that the heel would be a cutting edge also to some extent,
while the clearance angle at the cutting edge would be too great.
I think, therefore, that in such a case the least observation would
show the error ; while, if the heel was ground away, the operative
would have little or no guide: so that cutting away the heel of a
twist drill would be an unfortunate thing to advocate in the shop
among the men. It forms a guide, and a very good one, to deter-
mine the clearance angle in grinding such drills by hand.

My. Oberlin Smith.—I thoroughly agree with Mr. Stetson in ad-
vocating a straight shank drill. The taper shanks are a nuisance
to hold on to and a great deal more expensive to make. The
metal is so reduced and weakened, that it is not very easy to
drive large drills. I think a good way to drive a straight drill and
to assist the friction of the chuck jaws is to cut away half the
upper end of the drill for a short distance, and let the projecting
half run up into a like place cut away in the chuck. I have used
a good many ordinary Morse straight-shank drills in that way.
None of the drill-chucks in the market will hold a $” drill to do
heavy service. I never found a friction chuck which would prop-
erly hold a drill of any size. I introduce a little plug into my
chucks at the rear of the jaws, cut half away, and then I cut away
one half of all the drills (for a length of §” to §”), no matter what
size they are, from {4 up. When the drill is put in, the half-
cylinder of the drill goes up and locks with the half-cylinder of
the plug, which is fastened in the drill chuck. There is play
enough, so that when the chuck is tightened, it will bring the
drill truly in line. That little half-round tail that sticks up is
stronger than the ordinary flatted tail on a taper-shank drill. It
is very easy and simple to make and it answers the purpose
nicely. '

Mr. Bond.—I might say in regard to the Standard Taper for
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drill shanks, if any change is to be made, to make it, as Mr.
Stetson says, % to the foot. We use the latter taper in our own
work, and there seems to be a tendency toward the use of a little
less angle than is given in the Morse tapers. Some of our ma-
chines are fitted with the Morse taper rather than our own, but
only because these machines are to be used with the Morse drills;
but in our own practice we incline to a i taper.

ADDED SINCE THE MEETING.

Mr. Thorne—In a certain make of twist drills, the pitch of
the grooves increases from the point to the shank, but what good
purpose this serves is not clear. If the cutting angle, due to the
pitch, is- correct when the drill is new and long, it should be the
same when the drill is nearly used up. A short drill, on account
of its stiffness, is well adapted for starting holes accurately and
for use in the lathe, and its cutting edges and angles should be as
perfect a8 when it was new. Hence it would seem that the angle
of the spiral should be the same for the entire length. If the ob-
ject of the increasing pitch is to make room for the chips, its
slight effect in this regard may be appreciated by considering that
the groove of an inch drill makes only one turn in nine inches.

As regards the shank, the writer is familiar with the use of
tapers of § inch, § inch and § inch to the foot, and has found that
the pressure required to feed the drill into the work, is sufficient
to force the shank, having } inch taper, into the chuck firmly
enough to prevent its being drawn out when the cutting edges
pass through the work, but not enough to prevent the drill being
readily removed from the chuck when desired, and believe that
the spindles of all Lathes and Drilling and Boring Machines
shoald be bored with this taper, and suggests the table of diam-
eters given in the paper for the sake of interchangeability.
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CXCI.

THE FRICTIONAL RESISTANCE OF SHAFTING IN
ENGINEERING ESTABLISHMENTS.

BY SAMUEL WEBBER, LAWRENCE, MASS,

A papER on the above subject, recently presented to the Society
of Mechanical Engineers,* seems to give an impression with regard
to the amount of power actually consumed in overcoming said re-
sistance, which differs widely from the results of the experiments
of the writer of the present paper.

The reason for this discrepancy is to he found in the assumption
made in the previous paper that indicator cards, taken with all the
machine belts running on.the loose pulleys of the machines, are a
correct representation of the power absorbed by the shafting.

This is to be denied #n Zoto, as the loose pulleys are only a part
of the machine placed on it for the convenience of the operator,
to avoid the delay and annoyance, and possible danger, of throwing
the belt off and on the driving pulley on the shaft, every time that
the machine is to be stopped and started again, and is in no sense
a part of the shafting. When the machine is in operation the
loose pulley is not in use, but the power is taken from the shaft to
the machine by the machine belt, which latter is merely an acces-
sory to the machine itself, which cannot be operated without it,
while the shafting can be.

The writer knows that this method of taking indicator cards to
ascertain the power consumed by the shafting, with the belts run-
ning on the loose pulleys, has been the usual and comnmon one, but
it is none the less erroneous, as it only arises from the unwilling-
ness of the mill owners or operatives to take the time and trouble
necessary to throw the machine belts off for a few moments entirely
while the indicator cards are being taken.

This amount of power consumed by the machine belts running
on the loose pulleys, will average in a cotton mill fully 10 per

* Trans. Am. Soc. Mech. Eng., Vol. VL., p. 461.
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cent., varying from 5 or 6 per cent. in the spinning-rooms to 18
or 20 per cent. in the weaving-room. This 10 per cent. is in this
manner charged to the shafting, making an average as given in
the paper referred to of 25.9 per cent. in a large number of mills
for shafting and engine, which should not he over 16 per cent. in
a properly shafted mill, and which is even much less than that in
mills of modern construction, if the machine belts are thrown off
before taking the indicator cards, a method of getting at the mat-
ter which has been accomplished by taking a Saturday afternoon
for the purpose. '

This 16 per cent. should be divided as follows: Engine, 6 per
cent.; shafting and belting, 10 per cent., including in the latter all
counter belts, and everything except the small belts actually driv-
ing the machines, to which their power, as has been said, should
be charged, as they can neither be operated nor their power
weighed without them.

A number of years since the writer had occasion carefully to
weigh and determine the power consumed in a large cotton mill,
which had just been entirely rebuilt and fitted with new shafting
by one of the most judicious engineers in New England, the late
E. A. Straw, of Manchester, N. H., and although the shafting was
not of quite so small a diameter or run at so high a speed as has
since been often adopted, it was very well arranged, and would
serve as at least a fair example of good average dimensions, and not
much heavier than I should advise to-day, taking into account the
necessary stiffness to resist Zransverse strain, when belts were liable
to be led from it at any convenient point to reach the different ma-
chines, rather than limiting it to the diameter sufficient to bear the
torsional strain only.

The summary of the total power required by the machinery was
14.22 H. P., and in making up the account of the whole, 10 per cent.
was allowed for the shafting, but subsequently the latter was cal-
culsted, as a whole, from weighings which I had made of a large
part of it, assuming that which I had not weighed to require the
same power in proportion to its diameter and velocity. These cal-

_culations gave a total of about 62 H. P., or only 8.3 per cent., instead
of 10 per cent., and have been fully confirmed by many subsequent
experiments,

The spinning-room in this mill contained 198 throstle frames of
128 spindles each, requiring at least 1.5 H. P. each,or 297 H. P. in
all, and 12 filling winders and 13 spoolers, requiring also 21.75
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H. P, or a total of 818.75 H. P. These machines were placed in
ten parallel rows, lengthwise of the mill, and were driven by two
lines of main shafting, each driving a set of machines direct, and
two other sets to either side by counter shafts, each of which drove
two machines. This made twenty-four short counters driven from
each shaft.

The main shafts were each as follows: One length of 10 ft.
4 in., 4% in. diam., receiving the main belt, then divided equally to
the right and left in lengths of 16 feet each; 80 ft. of 2 in. diam.,
32 ft. of 2§ in.; 48 ft. of 28 in., and 32 ft. of 2{ in. ; in all 202 ft.
4 in. each. The counter shafts were each 8 ft. 6 in. long and
2% in. diam., and the velocity of the whole was 216 revolutions per
minute.

The required power to carry this shafting by dynamometer
measurement was, for each main line, 1.587 H. P., and the co-
efficient of friction was only .0334. For each set of four counters,
with their counter belts, the power was .357 H. P., and the co-
efficient of friction was .0413. The total power, therefore, for each

system was, main line ............... ... il 1.587 H.P.
six sets counters, four each @ .35........ 2.142

4] 3.729 H.P.

which multiplied by two, gives .................... 7.458 H.P.

as the total for the room, or only 2.34 per cent. of the power re-
quired for the machinery.

Now this is the extreme light point, as the spinning-room re-
quires the least shafting, and uses the most power in the machinery
of any room in a cotton mill. In a weaving-room for print cloths,
the power for the shafting is about 20 per cent. of that required
for the looms, or about the same as that absorbed by the machine
belts rnnning on the loose pulleys.

Having positively settled this fact in this mill, weighings were
afterward made in other mills of a sufficient portion of the shaft-
ing to enable me very closely to compute the total, which I have
only once or twice found to exceed 10 per cent., which basis I
have therefore taken as a safe one to use in computations of the
power required to operate a cotton mill. )

As an illustration of the closeness of an estimate made on this
basis, I was called upon some years since to decide upon the size of
turbine required to replace an old-fashioned breast-wheel in a mill
where every inch of water-power was of value.
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Dynamoieter weighings gave me as the power required for the

machinery.....oovvviiiiei ittt 214.24 H.P.
adding 10 per cent. for the shafting, or.. 21.42
gaveatotalof................ 235.66 H.P.

a8 the horse-power required.

One of the sizes of the Swain turbine, which was the most
economical wheel in the use of water which 1 then knew, was
guaranteed to give 240 horse-power under the available head
of eleven feet, and as this wheel had been very thoroughly tested
by both Mr. Mills and Mr. Francis, I advised the mill owners to
put in this size of wheel, though apparently a very close fit for the
required power, for, as above said, every inch of water was of con-
sequence. The wheel was put in, and to the great delight of the
owners, when the water was let on, and the machinery put in full
operation, there was still a part of the last tooth in the gate rack
of eight teeth left unhoisted.

A similar operation, in another mill, a couple of years later, with
the same turbine, gave equally satisfactory results.

At both of the last two mills spoken of, the shafting was old, and
in excess of the amount which would be used to-day for the same
machinery. Soon after making the first one of them, I was called
upon to weigh the power used by one of the new mills at Fall
River, which I did, and was told that my result did not agree with
Mr. Bacon’s cards from the indicator, of which I knew nothing
mtil my test was completed. I said that I did not include the
engine, for which at least 5 per cent. should be added.

Mr. Bacon’s cards gave a total power, 470.57 H. P., my weighings
of the machinery only gave 408.94 H. P., to which I had added 10
percent, for shafting, making a total of 449.83 H. P. This I then in-
creased to 15 per cent. for “ engine and shafting,” making an ad-
dition of 20.45 H. P. more, and giving a total, 469.91 H. P., or a
variation of less than one horse-power in the two results, with the
estimate of 15 per cent. for the engine and shafting.

Indicator cards taken by me at one of the later mills in Fall
River, when the machine belts were all thrown off from the driv-
ing pulleys on a Saturday afternoon, when it could be conveniently
done, gave me only between 12 and 13 per cent. of the total for
engine and shafting, and I am fully ¢onvinced, by these and other
experiments, that 15 per cent. for “ engine and shafting,” or 10 per
cent. for “ shafting only,” is an ample allowance to be made for a
cotton mill in good running order, as they are now constructed.
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While I thus dissent from the writer of the paper referred to,
in regard to the data upon which it is based, I agree with him
fully in the conclusions he draws in regard to undersized shafting
and over-tight belts. Far more friction in the bearings will be
caused by the springing of a flexible shaft, than would be due to
the necessary excess of diameter to make it sufficiently rigid to re-
sist flexure from the strain of the belts, nor is the substitution of
steel for iron any material improvement in this respect.

From a series of elaborate experiments, made by Mr. Jas B.
Francis, C. E., of Lowell, for the Merrimac Manufacturing Co., in
1866, and published by him in the Journal of the Franklin Insti-
tule, for April, 1867, he deduces the fact that while a 2-inch iron
shaft, “subject to no transverse strain other than its own weight,”
would admit of a distance between bearings of 15.46 feet, a steel
one would only admit of 15.89 feet, although the diameter neces-
sary to resist torsion need be only 0.855 for steel to 1. for iron.

In my early recollections of mill shafting, over forty years since,
cast-iron shafts, of a eruciform section, on which wooden drums or
cylinders were built up, reaching from beam to beam, were still in
use, although wrought-iron shafts and cast pulleys were being
substituted. The first formula I remember, for the diameter of
wrought-iron ghafts, was given by Buchanan in his “ Mill-work
8/100 x H. P.

R
Mr. Francis still retained, after the experiments referred to, as a
good one for jack shafts, or first movers, and for the first length of
lines, receiving the pull of the main belts, computing the factor of
safety, or power of resistance above the breaking strain‘to be 15.58.
For transmitting lines, he reduced this co-efficient of 100 to 50,
and for light counter-shafts supported close to the bearings to 33,
and since the introduction of ¢ cold-rolled shafting,” I have found
the latter co-efficient to answer perfectly for transmitting lines, al-
though I prefer to keep close to the original formula for first
movers, to resist the transverse strain without flexure, and when
the bearings are from 8 to 10 feet apart, as is the usual condition in
cotton and woolen mills, do not advise the use of any shafting much
less than 2" diameter, unless for the very last length of a line or
for such light power as is required for knitting or sewing machines.
Even in cases where the beams are 10 feet apart, it is well to use
an intermediate hanger near the pulley, if any amount of power is
to be taken off. I have seen a 2} inch shaft, at 250 revolutions

and Machinery,” and was, D = This formula
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per minute, where about 4 H. P. was taken from it midway between
beams 10 feet apart, so *“ duckled ” by the strain that I could not
bear my hand on it near the pulley, and in other cases have found
the co-efficient of friction doubled in the same manner, when test-
ing with the dynamometer.

While the above observations apply more particularly to cotton
snd woolen mills, still the same principle will hold good in all
csses, and in the case of machine shops, where the percentage of
shafting to the power consumed by the machine tools is much
greater, the last counter-shafts with their loose pulleys are always
wld with, and form a part of the machine itself, and the power for
these should be charged to the machine and not to the shafting.

DISCUSSION.

The President.—The paper of Mr. Webber is a very interesting
oze, and one to which a great deal of study has been given. I
think, however, there will be different opinions among engineers,
in regard to the propriety of testing a main line of shafting,
divested of all its connection with counter-shafts, etc., but in the
class of machinery to which he alludes, 1 suppose it is not common
to have very many counter-shafts. The point with some engineers
would be, whether or not in arriving at the total amount of power
ued up in friction, the power used to drive the counter-shafting,
and in fact all that is intermediate between the engine and the
manufacture of the fabric itself, may not be chargeable as frictional
resistance. That is, if you want to divide the power in a mill, be-
tween the power to drive its machinery, and the power to manufact-
ure the fabrie, you will necessarily be obliged to stop just where
the manufacture of the fabric begins, in order to be able to say
that the mill friction of shafts, etc., requires so many H. P.,and the
manufacture of the goods or artl(,les which are made, a certain
other number of H. P.

My, Henthorn.—I should like to say a few words in answer to
the paper which has just been presented, in which exceptions are
tsken to a part of a paper prepared by me and read at the last
meeting of the Society. In this paper, entitled “ On the Frictional
Resistances of Engine and Shafting in Mills” will be found,
smong other data, Table No. 1, giving the percentage of full load
required for engine and shafting in some fifty-five different mills.*

* Transactions A, 8. M. E., Vol. VI, p. 464.
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Exceptions are not taken it seems to the facts, contained in said
Table 1, column 16, collectively or relatively, but only upon the
ground wherein the limit of the term ¢ shafting” euds and the re-
sistance of machinery, considered as a separate element, commences.
I consider that all of the resistances outside of the producing
machine, while such is not in operation, are elements to be con-
sidered and maintained, and whatever amount of resistance is due
to the belts, running upon loose pulleys should be, and is included
in my table, and should constitute a part of the term *shafting.”

If we are justified in omitting the belts and their loose pulleys
on the score that they are a part of the machine, we may have
equally good ground to eliminate all counters between main lines,
that are employed for driving one specific machine; and such
counters as serve two or more machines would then come under
the head of general shafting, and chargeable to friction account.

If these loose pulleys and single counters were frictionless, so that
none of the fuel burnt could be made chargeable to them, it would
be immaterial whether they were or were not included under the
term “shafting;” but, on the other hand, if they are elements
which have to be maintained, and coal provided for such as well as
for general shafting and engine, then we certainly should include
them in our estimates for frictional resistances.

If a manufacturer were to run a little overtime in his spinning
or weaving department the probabilities are that the remaining
belts would be run upon the loose pulleys of the idle machinery and
run together with the main line of shafting and counters; and it is
equally improbable that whatever belts and counters intervening
as a necessity between the main line and those idle machines
would be thrown off in the ordinary course of business. In view
of this state of things, which is recognized by manufacturers as the
ordinary course to be pursued, we should then recognize that power
or its equivalent ¢ coal” for maintaining these conditions,

While I am as anxious as any one to see this waste power reduced
to a minimum, I must say that it is not in justice to parties in-
terested to leave ont elements which necessarily have to be main-
tained during the above stated condition of running.

If I were to ascertain the power required for driving engine-shaft-
ing, and friction of loose pulleys and corresponding belts it would be
necessary to determine definitely without assumption, the amount
distributed between these three elements going to make up the total.

But as long as we cannot practically determine these elements



THE FRICTIONAL RESISTANCE OF SHAFTING. 145

separately for a sufficient number of cases as to admit of a com-
parison of one mill with another, I consider that if we have the
sum lotal as contained in my paper sufficient evidence is collected
for a basis of comparison by manufacturers.

It would be exceedingly interesting and desirable to have such
atable covering a sufficient number of mills to be of value for
reference and recognizing the different elements which go to make
up the frictional resistances in mills, including, 1st, Engine, 2d,
Shafting and Counters, and 3d (to meet the criticism of the
paper just presented), Loose Pulleys and their Belts.

As this is impracticable in the general run of mills, although
possible for one or two special cases, I have therefore made no
sitempt to give anything but the percentage of full load required
for total resistances of friction ; nor attempted to deduce from the
total result (representing the friction of engine, shafting, and loose
pulleys covering some fifty-five cases), an assumed constant factor
which would be equally applicable for each mill, for its engine, or
for loose pulleys, and their corresponding belts.

As these are elements which I believe change materially with
each case and condition, it would hardly justify the arbitrary
factor fixed upon in to-day’s paper. I cannot agree that 6 per
cent. is an absolute quantity for all mills, for engine, and 10 per
cent, for shafting and counters, making a total of 16 per cent. for
engine shafting and large belts, but not small belts actually driv-
ing machines.

Assuming for a moment that this estimate is admissible, and
that 6 per cent. is required for engine and 10 per cent. for shaft-
ing, excluding loose pulleys and their belts; if we will refer to
the table in my paper, it may be seen that we have two mills
requiring less than 1 per cent. for loose pulleys and their
belts; four mills, less than 2 per cent.; six less than 3 per
cent.; seven, less than 4 per cent.; nine, less than 5 per cent. ;
twelve, less than 6 per cent.; thirteen, less than 7 per cent.;
twenty-seven, less than 9 per cent.; and thirty-one less than 10
per cent.

If we were to assume a constant resistance of one element in
tmong the several in our calculation of some fifty-five different
¢ases, the results would lose their reliability, one opinion not con-
firming another in this assumption.

And if we recognize in a table all of the facts as they practically
exist going {g make up the total resistance due to friction while
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the machinery is stopped and not producing, then I think we have
accomplished the purpose of the paper criticised and each in-
dividual is left at liberty to assume what his particular engine may
take (be it 5 or 7 per cent.), or that belts on loose pulleys take 10
per cent. or more as his judgment may dictate.

Dynamometrical readings for a total result of a given mill are
as a class based upon an assumed like condition of running, for
that class of machinery tested. And the same may be said for
shafting tested under conditions different from those under which
they work ordinarily. 'When we come to the engine, all classes of
machines are generally treated alike, and a percentage of friction
assumed alike for all ; which is not the case. After a summation
of the whole, I think that it is reasonable to grant, that although
an indicator test recognizing the total frictional resistances as
they occur in the mill is not absolute to a {§7 or £, or even a
horse-power on a total of 200, yet it is equally as worthy of con-
sideration by manufacturers when considering this question rela-
tively, if they are based upon the same conditions.

Mr. Oberlin Smith.—I would like to call the attention of the
Society to a great evil which exists in almost all our shafting
plant, more especially in our machine shops, while in our cotton
mills the evil is perhaps not so great. I refer to too slow speeds
for shafting. In large mills the diameters of the pulleys and the
regular speeds of shafts, counter-shafts, and all that, has been
worked out to something like a system; but I know that in
machine-shops the shafting runs perhaps not more than half as
fast as it should. In many cases the tools that we buy of the
machine-tool makers have their counter-shaft pulleys of such
sizes that the main shafting has to run as slow as 100 or 150. I
do not think that a line of shafting in any machine-shop should
run less than 200; 800 would be better. One of the great
difficuities is the straining of belts. Of course, if we run the
shafting slow and put on wide belts, they give more strain than
narrow belts, and besides this they are kept too tight. I suppose
that a critical examination of a number of machine-shops would
show that their speed of belts averages very much slower than it
should. I know that if a lathe counter-shaft was made with very
narrow light pulleys, two feet or more in diameter, and adapted to
fast line-shafting speed and quick-running belts, there would be a
good deal of power saved. Another advantage of such an
arrangement is the ease with which a belt of that kind can be
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shifted. 'We could then, with an inch or an inch-and-a-half
belt running at two or three times the speed that they usually
run (say on 20 or 24 inch pulleys), shift it so quickly that
the practical result would be better than we get with friction
clatches. I do earnestly advocate, as a needed reform, that line
shafting in machine-shops and such like establishments should be
run a great deal faster ; that the machine-tool men should make
their connter-shaft pulleys lighter and of larger diameter; and
that belts should be run narrower and quicker. I now run line
shafting at 200 and use ordinary machine tools, but the
driving pulleys have to be very small. If shafting must have
great transverse strains upon it, the ideal form would be hollow,
but that brings in another evil, which my friend Professor Thur-
ston jost mentioned to me in conversation, of the large journals
and consequent higher friction speed. That can be remedied,
however, by reducing the journals; so that perhaps, all things
considered, ideal shafting should be very large in diameter,
hollow, very thin, and light, but with the journals reduced.
Whether it is best upon the whole to make it 8o, considering the
difficulties of construction, I do not know.

Mr. Babcock.—Perhaps some one here knows of an experiment
which was tried some years ago in Fall River, with hollow shaft-
ing, running it at so high a speed that the belts were run directly
from the shafting, pulleys being dispensed with. If so, perhaps
be can tell us what was the result, and if it is still running.
Professor Thurston tells me that the same thing is done in Colt’s
Armory.,

While I am on my feet I wish to add a word in regard to what
Mr.Smith has said about the tightness of belts. I suffered defeat
from that canse at onetime in a competitive test of steam engines.
Our engine was tested first, and being loaded very heavily, the
main belt slipped, whereupon the mechanics tightened it to the
utmost possible extent. Afterward finding that all the power could
1ot be used, the load on both engines was reduced, so that when
the second engine came to be tested the belt was of normal tight-
ness, The difference in the friction caused thereby threw the re-
sultin favor of the other engine, when it ought to have been on
my gide, of course.

Mr. Schuhmann.—I would like to ask Mr. Smith what (hﬂ'erence
it makes if he runs a shaft 200 revolutions with a 5-inch pulley
or at 100 revolutions with a 10-inch pulley—whether that will de-
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crease the strain of the belt any? I should think that the smaller
pulley requires a tighter belt, and as it runs at double the speed,
the frictional resistance will be greatly increased instead of de-
creased. If he wants to decrease the friction due to belt strain,
let him increase the belt speed and make the diameter of the
counter-shaft pulley to suit.

Mr. Oberlin Smith.—The objection to that is, that although the
pulleys are larger, you put your weight where you do not want it,
and bring in that kind of strain caused by the weight of pulleys.
Of course an inch belt pulls only half as much as a 2-inch belt.
I prefer to get belt speed by running the shafting at a high rate.
Of course there may be a middle ground. With regard to the
continuous drums that Mr. Babcock speaks of, I noticed those in
Colt’s Armory at Hartford several years ago, and since, when I
have been there, and I believe it is a good system if it is properly
carried out. One bad thing with them is that their shafting is a
great deal too heavy. It must weigh a great deal more than a
whole row of pulleys. But if such a system is carried out by the
use of steel tubes mounted on flanges at their ends, I believe it to
be the most perfect thing imaginable for shafting, provided the
makers of the counter-shafts and of the machines to be driven
would agree upon some common standard. Suppose, for instance,
all machine-shops could have a standard of 200 revolutions and a
standard pulley diameter of 10 inches or 12 inches, though I
think 8 or 9 would be better, with 300 revolutions. If we could
have 9-inch steel tubes 8 or 10 feet long, or whatever was found
the best length, running at proper speed, and then if all machine-
tool makers could agree on a standard (no matter what speeds the
lathes, planers or drill-presses run) for the fast and loose pulleys
on their counter-shafts so that they should be adapted to a fixed
speed on a continuous line of drums forming the main shafting,
there would be infinitely less trouble in every way, and a man
when he bought a machine-tool would know that it would agree
with his shafting, without having to think up a lot of pulleys.

Mr. Babcock.—If I recollect rightly, in that case the shafting
was not very large, four or five inches, but ran at a very high
speed, 600 or more.

Myr. Towne.—I can partly respond to the inquiry, not as to Fall
River however. The Wheeler and Wilson Company, at Bridge-
port, have their large shop shafted in that manner. The shafting
is of cast irom, 12 inches in diameter, I think, and all belts are
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taken directly from it without the addition of pulleys. In fact
the shaft is & 12-inch pulley. I think this system is only ap-
plicable where the class of machinery employed in each room is
pretty uniform. In the case of the Wheeler and Wilson Company
the whole of one room is filled with milling machines, and another
with profiling machines, etc., and it is comparatively easy to adapt
the counter-shafts to a uniform size of line shaft. It would not
be as convenient in a shop having a miscellaneous assortment of
fools. I think it should be put on record that the percentage of
friction for shafting deduced by the author of the paper we are
discussing while applicable to Cotton Mills and some other sim-
ilar establishments, is not applicable to all kinds of shops. If any
young engineer were to adopt that proportion as the allowance to
be made for the absorption of power in the shafting of the average
machine-shop, for example, he would get into trouble. In the
case of the Yale and Towne Works, I have taken some pains to
ascertain what the consumption of power is with the machinery
running and not running, and the difference between those two
conditions, in that particular case, is nearly 2 to 1. The ex-
planation of this large figure, however, is partly that there are a
mumber of machines permanently connected with the shafting and
never thrown off, several of them being fans of considerable size.
In addition is the fact that the works are large in extent and the
power carried in many cases through mule pulleys and other con-
trivances for turning corners and going up and down stairs and
8o on, all which absorb much more power than straight lines of
shafting.  Again, in a case of this kind the machines to be
operated are scattered over buildings separated by wide distances,
and there are long lines of shafting merely for transmitting
power; whereas in a cotton mill the power is taken from the
shafting in a more condensed form than in almost any other class
of shops.

All of these facts should be considered in using any figures of
thiskind. The instance I have referred to is corroborated by the
experience of William Sellers & Co., whose shops we all know are
models of their kind, in which I am informed the difference in
Power between machines on and machines off is from 40 to 50
per cent.

Mr. Samuel Webber.—1I am a very poor hand at discussion, but
I want it distinetly understood I have drawn my line on shafting
at the loose pulleys. When the machine is running, the loose
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pulley is not under strain, and therefore should not be deducted
from the power of the machine to get the power for the shafting.
There is the kernel of .the whole thing. You are not running the
belt on a loose pulley while you are running your machinery. In
a cotton mill you are running your mill 9 hours out of ten. You
are not running your belt on your loose pulleys. If a good cotton
spinner stops a day he does not run those belts on a loose pulley ;
he leaves the belts hanging. I have known mills where they
have had fires by trying to do it for half a day. In Lowell I
know a mill where they had to stop a spinning room for an hour
or two occasionally, and where they.had so much trouble from
fire from pulleys getting dry that they had to bush all their loose
pulleys with metalline, rather than to keep a man constantly oiling
them. At the Atlantic Mills in Lawrence, the Agent has told me
that 14 per cent. covered his engine and shafting. As to hollow
shafting I saw that tried with hollow cast iron, a number of years
ago. They did put it in, they ran it until they broke so much
shafting that they took it out and put up heavy wrought-iron
shafting to fill the place of the old hollow casting. They tried it
a few years and decided to re-shaft the mill.

With regard to the matter of speed. I believe in as high speed
and as light shafting as is properly adapted for the purpose for
which it is used; but I do not believe in a cotton mill that you
want the same speed on all your shafting. You are running your
looms 150 picks a minute. Now it is all nonsense to drive that
shaft so fast that you can belt it right off the shaft itself without
any pulley. It ruins your belts to bring them around so quick.
In your weaving room you may run your shaft £00 revolutions
overhead and drive it with a 9 or 10 inch pulley en the shaft.
When you get to the spinning room you want a high speed. The
old-fashioned way to do that was to have a 6 or 7 inch pulley on
the spinning frame. Now we put that shafting 350 or 400 rev-
olutions a minute. Then a 32-inch pulley overhead drives a 12-
inch pulley on the spinning frame. When you come to the card-
ing room you have got to meet both conditions. You are running,
say, 125 revolutions per minute on your cards. You have got a
16-inch pulley on them. At the other end of the room you have
got your roving frames. You want to run them 500 or 600 rev-
olutions per minute. 8plit the difference in your carding rooms.
Put your shaft in at 250 revolutions a minute, belt from an 8-inch
pulley on your shaft to a 16" on your card, and from a 32 inch to
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a 16-inch on your roving frames. Therefore I say that the speed
of the shaft should be proportioned to the work it has got to do.
With regard to the matter of loose pulleys, I do not consider that
they belong to the shafting. They are used because the mill
owners do not want to risk the life of the operative by throwing
the belts off and on from the shafting, and they are merely a
corollary to the use of the machine.

It should be remembered finally that the previous paper referred
to berein, consisted almost entirely of the results of indicator
cards taken in cotton mills.

A}
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CXCII.
THE UNEXPECTED WHICH OFTEN HAPPENS.

BY JOHN E, SWEET, SYRAOUBE, N. Y.

Ir we had no experience or knowledge, or no knowledge of t
experience of others, everything which happens would be unc
pected. It is not so much the unexplainable as the unexpect
which attracts our attention, excites our astonishment, or distm
our mental equilibrinm.

The man who devotes his life to experimenting with practi
mechanics, is sure to meet with the unexpected, or else to be t
wise for his generation. Some of us do not care to admit that 1
were ever caught with the unexpected, but I beg to expose a fi
of the many things that have come upon me unexpectedly, in t
belief that they may be of use to others, and in the hope that othe
will explain their experience, that we may profit in return.

Things perfectly familiar to mechanics engaged in one bran
of industry, are often matters of great wonder to workers in a
other branch. Men may work a lifetime in cast iron as appli
to tools and machinery, and yet know nothing of what it will «
in the heating stove of a blast furnace. To such a man the d:
covery that cast-iron heating pipes grow from six inches to a fo
in length by use would be unexpected. To tell the blast furna
man that certain core bars used for casting pipes changed the
length by three inches in casting twenty or thirty pieces, would '
no surprise, until you supplemented the statement with the fa
strange to him, that they grew shorter, rather than longer.

Another example of a strange fact, well known to plumbers, a1
not to many others, is what is called an ‘air-trap.” What that
can best be explained by an example. A cistern in the roof of
house has a pipe leading from near the bottom, down to the celle
along the cellar bottom and up to a wash basin of the ordina
sort. When this cistern has once been filled and then emptic
and again filled, air is trapped in the pipe. When the basin co
is opened the water will not force the air out and be discharged
the outlet as most mechanics would suppose. You ask the plumb
about it, and he will say, “ Why, don’t you know what that it
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That is an “air trap.’” You say “ Oh!” and venture-to suggest
that you should think the water would force the air out. The
plumber says, “It is an ‘air trap,’ and how can it?” You say “by
gravity ;” then he says, “ Oh!” and you finally come to the con-
clusion that possibly he knows just as much about what an “air
trap” is as you know about gravity, and no more. The thing is
explainable of course, but is likely to come upon most men unex-
pectedly.

The unexpected sometimes comes from canses perfectly self.
evident, after the thing had happened (as was the case in my ex-
perience by the clogging of a nail machine by the scale from the
nsil plate), and at other times from causes utterly unexplainable, or
from causes which are difticult to fathom.

In practice, we use with a fair degree of success, for a piston-rod
packing, simply an easy fitting Babbitt bushing. When these bushes
become worn so as to leak, we close them up by compressing them
in the water cylinder of a sort of hydraunlic press. In this opera-
tion 8 mandrel somewhat smaller than the piston rod is put inside,
snd with all the pressure we can bring to bear, we have never been
sble to compress the bush so as to grasp the mandrel tight, and yet
in two or three cases, perhaps a half dozen, we have had these
bushes (one of them after running a year) shut down while the
engine was running, so as to grasp the piston rod as if gripped in
avise, in fact 8o as to break the bushes asunder, or so that we had
toresort to destructive measures to get them off.

Inthe formation of embossed work, male and female dies are used,
aud the female dies are often made by driving the hardened male
die into a block of soft steel. This operation is easily performed
by a few blows of the drop hammer. It drives in and raises the
soft metal without distorting the block in any other respect.
Whereas, if the same operation is attempted by means of the hy-
dranlic press, the block may be upset one-fourth its depth, the
sides bulging out or the piece crushed without producing any
impression of the male die further than a slight line marking of
it.

The unexpected comes upon us both by things not working when
we think they ought, and by their working when common reason-
iog wonld indicate that they ought not. The man who first in-
vented or constructed a lawn mower, must have been thought an
idiot (or at least a man not familiar with the common laws of me-
chanics) to have imnagined that he could with two light wheels get
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traction enough to rotate a cylinder six times their own weight,
at six times their own velocity, and cut the grass in addition.
The worm that drives the bed of a Seller’s planer, does not wear
out half as fast as it ought, and I fancy there is something unex-
pected about it, even to the inakers themselves.

An engine with a 12 x 18 inch eylinder had been running a year
at 185 revolutions per minute, standing usually quiet on a cut-stone
foundation. One day, without any apparent cause, it began to
shake endwise, and before night had shaken itself loose and had
a movement of threesixteenths of an inch at every turn. The
engine being self-contained, no harm came to it, except the loosen-
ing of the foundation, and as the work was of more consequence
than the foundation it was allowed to go on with a view to repair-
ing it at vacation time, 8 month ahead. Before vacation time came,
the shaking stopped without any more apparent cause for its
stopping than that which caused it to shake, and the engine
continues to run perfectly quiet notwithstanding the shattered
foundation.

One of our well-known electricians built and tested for three
years a certain piece of apparatus which promised to be of exten- .
sive application. It worked perfectly, and was as good at the end
as at the beginning. A large amount of capital was put into build-
ings and plant, for the produnction of these pieces of apparatus for
the market, and a good many were built, but in no poseible way
that all hands could devise were they able to reproduce the orig-
inal, either in effect or durability. I make this statement at
second hand, but believe it to be true ; first, because of the source
from which it came, and second, because it seems the only explana-
tion reconcilable with the action and business character of the
parties interested.

The unexpected often happens to the scientist as well as the
practical man, as must have been the case with Crooks, when he
invented the radiometer. The story goes that he first invented
the thing and then made it. Bat it turned out as tradition says
the ship did, when some genius blew into the sails with a bellows;
it went the other way. We laugh at the stupidity of the man with
the bellows; the next generation may laugh at Crooks.

I venture the guess that there is many a man of science who
(knowing nothing of the rolling of railroad rails), if asked to
dictate as to which way the rail should be bent, to have it
come straight when cold, would find that the unexpected would be
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likely to have happened’ twice when he saw his plan put in
practice.

The case is reported to me where the unexpected happened to
two boilers, and they did not blow up either. Two boilers alike
in size and shape were connected by necks of considerable area,
both at the top and bottom, and the connections, hoth of steam
and water, were without check valves. A fire was built under each
of the boilers, which were both half full of water, and when steam
wis raised to working pressnre the generators began to play
shuttlecock with the water. It first went all into one boiler, and
then all into the other. When the play got to its height, the boss,
eonsidering the premises and the lives of the men of more conse-
quence than the caunse of science, ordered the fires drawn, and the
tauge or consequences were never settled.

An engineer put in charge of our electric light station found
them using oil of 26 gravity, for lubricating the engine and
dynamos. Even when the oil was used freely the bearings would
warm up and sometimes get hot. It was the practice to increase
the quantity of oil as the journals got warmer and turn on water
-when oil would do no longer. To the engineer’s surprise, one
night he discovered that one of the bearings kept cool, and he
noticed also that the oil cup was feeding only about one quarter as
fast a5 had been the practice. The happy idea of “letting well
enough alone” occurred to him, and he found it continued to run
cool, and experimenting he proved that by feeding little enough
oil he got the other bearings to run cool also.

In the case of an engine which was more than twice too large
for the work it had to do, and which could not be reduced to one-
half the speed conveniently, it was decided to bush the cylinder to
about half its area, with a view, of course, to the saving of coal.
The result was that it took a little more coal than before. I think
that this result was one which would have been unexpected to most
men who did not know of the experiment having been tried before.

For casting a chilled die to be used under a drop hammer, old
chilled car wheels were used, and in which fourteen per cent. of
tpiegeleisen was melted under the expectation that a good chill
would be produced, as had been our experience. The first sur-
Prise was to find that the die showed no evidence of chill what-
ever, and could be filed easily. Some pieces of work were re-
quired at once, and the die was put in with the expectation that it
would only serve for a few, but the second surprise came when its
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endurance proved to exceed the best of the chilled dies as two t
one. '

A large percentage of the unexpected comes in the developmen
of original inventions. When in the experimental stages it is eas
to brand the inventors fools or lunatics, and when predicted fai
ures succeed, it is easy to forget that we ever expected anythin,
else. It is not always the ignorant who are wrong, or the bes
informed who are never in error. If ten years ago the poseibilit
of conversing with people fifty miles away had been publicly sug
gested, it would have been only accepted by the ignorant, who, re
membering the marvels that have been accomplished, would i
their blind faith admit of its possibility, while the best informe
would have been staggered at the suggestion. Less than ten year
have rolled away, and it is an every-day occurrence.

It is not always the uneducated, the insane or the stupid wh
produce failures, nor the best educated, most thoughtful, or mos
experienced who bring out everything according to the origina
intention. The unexpected comes to the good and bad alike, an«
so in our teachings to the young and our planning for ourselves, i
it not well to have our statements and our speculations pretty wel
saturated with the elements of uncertainty ?

It is an old and common custom to use the statement that ¢ tw.
and two are four” as an exanple of the certainty of certainties, an
another, that “like causes produce like effects ;” while as a simpl
matter of statement, the first can be easily shown to be twenty-fiv
per cent. off, and the latter to hold along all the way from lik
results to results diametrically opposite.

DISCUSSION,
'

Myr. Towne.—I will mention a case of the unexpected in my ow:
recent experience. The question was how to harden some stee
castings, which we are all coming to use more and more. The;
were small and very light, weighing but a fraction of & pound, an
the part which it was desired to harden was very thin, tapering t
less than one-sixteenth of an inch. The castings were made b;
the open hearth process. It was stated that no difliculty would b
experienced in hardening them, and that similar castings had bee:
hardened in considerable quantities. We nndertook to harde:
them in the ordinary manner with prussiate of potash, but whe:
putting the file on them afterward, I found that the file took hols
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beautifully. Other attempts were made, but with no better result;
and finally I went down into the smith-shop myself and tried or
had tried various methods, and found ultimately that apparently
the only way in which we could produce a hardening on these
castings, which would not allow the file to touch them easily, was
by using cyanide of potash, but that took a great deal of time and
was prohibitive in its cost. Finally other castings were kardened
in various ways, some by heating and dipping in water, no chem-
icals at all being used. The castings were broken up to see
what the result was inside, and, to cut a long story short, the fact
that came out finally was simply this, that the steel hardens
beantifully snside, but that there is on the outside a thin skin of
metsl, about three to four hundredths of an inch in thickness,
which, except by the cyanide process, does not harden at all. In
all of the castings that had been hardened there was perfect
bardening under this skin, and finally, the moral of this, and of
wme of the other unexpected incidents that Prof. Sweet has
mentioned, is that we should look below the surface.

¥r. Bond.—We find in our experience in making taps and
reamers that in case the steel has been over-annealed and has thus
been decarbonized, the hardening does not take effect except un-
der the surface, so that frequently, taps which appear to be soft,
if tarned again will harden perfectly. Ithink perhaps the castings
referred to by Mr. Towne, may have been over-annealed, and in
that way a percentage of the carbon eliminated so that the
hardening would not take effect upon the outside surface.

Prof. Rogers.—The unexpected happened to me the other day
in the matter of a new astronomical, clock, which I am testing at
the observatory. It had run for a month at a constant rate of
081 seconds daily. Suddenly it dropped 142 seconds, and then
went on with its old rate, for two or three days, when it stopped
suddenly. When the clock was overhauled, it was found that the
pinion of the second-hand wheel had no end shake. The end-
shake, originally, was so very small that the change of temperature
inthe room of two or three degrees had tightened it up to such
an extent that it prevented the free action of the movement.
After the clock was again started it resumed its old rate, and has
% continned to the present time. It would be difficult to find
snother instance in which a constant rate has been maintained
wder similar circumstances.

The unexpected has always happened to me in this matter of
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obtaining hardened steel, which has a homogeneous temper
throughout the entire mass. The nearest approach to an even
temper which I have ever been able to obtain, has been at the
works of Miller, Metcalf & Co., of Pittsburgh, and of Brown &
Sharpe, of Providence. A short time siace, I asked the latter firm
to set a price upon a hollow steel cylinder six inches in diameter,
three feet in length and with walls half an inch in diameter,
hardened and ground on the outside only. The price which was
set—from $300 to $500, without guarantee against flaws—may he
taken as the estimate of the extreme uncertainty always attending
any difficult case of tempering held by those who have a full com-
prehension of the difficulty of the problem.

The difficulty of giving a homogeneous temper to a large mass
of metal is so great, according to my experience, that it is never
perfectly done. The test which I apply as the gauge of an even
temper is a very severe one. If all the lines ruled upon a highly
polished bar of tempered steel have the same appearance, the
temper of the graduated surface is good. I have, however, never
yet seen a set of graduations in which the diamond has with a
constant pressure cut all the lines to the same depth. The
diamond acting upon this polished surface detects the lack of
homogeneity in the most perfect manner. If there is any person
in this country, or in the world for that matter, who can temper a
bar of steel three feet in length and for a depth of even a quarter
of an inch at any price, I should be glad to make his acquaint-
ance.

Mr. Bond.—I can say in regard to the unexpected in hardening,
that we had occasion to make a set of gauges in which the sizes
were all two ten-thousandths of an inch larger than the nominal
sizes, and five days after the gauges were finished, one of them
suddenly gave way in the center, a crack extending around it
spirally, but not so as to injure the ends of the gauge. Out of
curiosity I thought that I would measure the uninjured parts to
see if any change had come in the diameter, and I found at both
ends the diameter had enlarged forty divisions of the micrometer
which is equal to six ten-thousandths of an inch, and which, as mag-
nified, represented a space to the eye of about three-sixteenths of
an inch under the microscope. This shows, I think, that if steel
hardens at all, the internal strain must be something tremendous.
I think this will also explain why steel in being hardened through
the center, has a tendency to shorten under certain conditions,
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the capacity to resist this enormous strain becoming less and less,
until finally it settles down to something like permanency.

Mr. Hammond.—Some years ago there was a gentleman who
vished to harden some very large sheets of steel, and he applied
to several persons who said they could harden them, but they did
not succeed ; finally he discovered that a film of steam formed
between the steel and the water and prevented the plate from
cooling rapidly, the steam acting as a non-conductor of cold, and
he arranged his large plate so that the liquid could pass down
rapidly npon the two sides, thus giving a chance for the steam to
escape and allow the water to cool the plate. In that way he
succeeded in cooling and hardening this large surface. I would
liketo ask if this film of steam should always be kept from forming
next to the piece of steel or iron during the process of hardening,
would not the pieces of metal to be hardened be uniformly treated
and the “ unexpected ”’ not come to pass?

Mr. Ashworth.—This subject, the more you consider it, the more
polific it becomes. But the most noted instance of the unex-
pected, in my experience, occurred quite a number of years ago in
s special line of business. The matter of procuring castings free
from the minutest pores was the desirable feature, and failure to
secure this result was so common that in ordering castings a dozen
would be ordered with the expectation of simply producing one
perfect one. Now a casting which would ordinarily be considered
perfect would be entirely ruled out in this case, simply from the
fact that when pressure was brought to bear upon the casting in
service, the plastic material being treated would work into these
minute pores and destroy the clearness of the metal, and would
also prevent rapid delivery. A great cry in that particular branch
of business went up to produce these castings. At a certain time
an outsider suggested the idea that the castings be made upon a
chill, and, as is frequently the case with those interested in a mat-
ter,it was hooted at and ridiculed at first, and yet in the course of
time this matter was brought to a practical issue, but it was a
misnomer to speak of a chilled core. The core was heated up to
8 very high temperature, placed in its proper position, coated with
8 lubricant, and as soon as possible after the cast it was removed
from the sand and the core knocked out. The result was marvel-
0us and it soon spread through this special branch of business,
aud yet a period of eight years elapsed during which it was looked
Upon skeptically, and yonder in South Boston it was for the first
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time put to the test, and after that it was used from Cape Cod to
St. Louis. This simple matter of putting in this heated iron core
covered with a lubricant, and taking it out quickly, was what did
the business. That was a striking instance of the unexpected.

Mr. Oberlin Smith.—A little thing occurs to me which may
possibly be of interest. I recently had occasion to make a small
cup, like the sketch [Fig. 115], about three inches deep, and two
or three inches in dinmeter into which I wanted
some water to leak at a certain definite rate of
speed, on the principle of sand running through
an hour glass. I wanted it toleak to the inside
through a hole in the cup, by submerging the
cup in the water, one quarter of an inch. I
wade a hole in the bottom about one sixty-
fourth of an inch in diameter. The material
was brass one thirty-second thick. The water
would not leak in. I might perhaps have worked out the matter
by the ordinary data for capillary-attraction, and viscosity of
liquids, and found that it would not, but I worked upon assump-
tion. I could’nt get water through that hole uuless I submerged
it in water more than an inch. I then found that by making the
hole three one-hundred-and-twenty-eights of an inch in diameter,
I could get it to leak with three quarters of an inch submergence.
I tried the hole greasy, and dry, and smooth, and rough, and I
found that by making the hole larger at the upper end it would
leak much more readily and with less “head.” I found by
thickening the bottom of the cup and thus making a longer hole,
and tapering it from one thirty-second at the bottom to some-
thing like one sixteenth at the top (like ¢ in sketch), I got better
results. ~ With thut shaped hole the water would run in very
readily with about three-eights head. At %, in sketch is shown a
straight hole, and at b, one largest at the bottom—the worst
shape.

This experience was certainly the “unexpected,” for it had
never occurred to me that I could not make water leak through a
hole. The same trouble of non-leakage happens when the water
is inside the cup, that is to say, it will not leak itself empty if the
bole is small.

Mr. Durfee.—Here is a case of the unexpected that occurred to
me some seventeen years ago. I had an ordinary locomotive
boiler unprovided with any pressure gauge, but having a safety

F1e. 115.
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valve which was believed to be reliable, whose lever was graduated
t0 120 pounds. The man who was in charge of the boiler was in-
structed to keep the steam pressure at 60 pounds. The boiler was
an old one, having been in use at least ten years, and how much
longer I do not know. After the boiler had been at work for two
or three weeks its fireman came running to me one day with every
limb and feature indicative of extreme terror. As soon as he could
speak he exclaimed : “ The divil's got in the boiler, Mr. Durfee !
“What do you meun John?” said I. “ The divil's got in the
boiler, I tell ye ; fur the weight's on the ind iv the liver an’ 'tis up
in the air as high’s it con git; an’ divil a mite iv stame’s comin’
ont!” “Well,” I replied, “ we will go down and see if we can get
the ‘divil’ out.” On reaching the boiler I was surprised to find
the weight at the 120 pound notch, and that it was as high as it
could “git” (Fig. 113), and to my utter astonishment there was

Fra. 1138.

but a suggestion of steam escaping. My first thought was that in
my immediate vicinity a boiler explosion was imminent; however,
there was nothing to do but to ascertain the cause of existing con-
ditions, and I therefore immediately tried the guage-cocks, found
two full guages of water, and, from the appearance of the steam
which escaped on opening the upper cock, it did not seem possible
that there was 120 pounds of pressure upon the boiler. I then took
a fire-hook and without much effort, pulled the safety-valve lever

down, but i)ix being released it slowly returned to its rampant
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position, and at no point of its movement was there any increase
in the very small and feeble volume of steam escaping. I repeated
this experiment with a like result, and then began to think that
John's diagnosis was correct; for the boiler certainly seemed
to be “possessed of a devil.” Just how he got in, and how he
produced the observed effects, I could not imagine ; my previous
experience with steam machinery, which I had been in the habit
of regarding as embracing every species of “ pure cussedness”
that steam generators were heir to, did not furnish any clue to
the mystery—for mystery it certainly seemed, and one which re-
quired prompt and decisive action for its solution. I therefore
ordered John to draw the fire as quickly as possible, and in due
time the valve was dismounted, and the state of facts disclosed is
represented in the accompanying cuts (Figs. 113 and 114), which

Fia. 114.

show the interior of the valve after, and before, it became * pos-
sessed of the devil ” of deadly danger.

The engravings so clearly exhibit the details of the valve, and
the relative position of its several parts, that very little explana-
tion is necessary, and it will suffice to say that the shell S, of the
valve was of cast iron, bored out to receive a cylindrical gun-
metal bushing, B, which was forced into its place, and held there
simply by friction. On the upper end of this bushing the seat of
the valve V, was formed. As long as the bushing B, remained
immovable, the steam pressure acted on a circular area of the
lower surface of the valve V, having a diameter equal to that of
the interior of the bushing B, but as soon as the repeated ex-
pansions and contractions incident to use and years had loosened
the bushing B, the circular area upon which the steam could act
had a diameter equal to that of the exterior of the bushing B,
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which with the valve V, resting upon it, was then free to move
upward (see Fig. 113) as far as the lever L, would permit, acting
simply as a piston, and affording no outlet to the steam save that
due to the trifling leakage arising from its imperfect fit in the shell
8. The area of the last named circle was a little more than double
that of the first.

Ii is not uncommon for a coroner’s jury, while attempting to as-
certain the cause of some disastrous boiler explosion, to be told
by the confident witness (he is always on hand in large force on
such occasions), that * the safety valves were all right, as they had
been examined but an hour before the explosion occurred.” Such
evidence in the case of a safety valve like the one which I have
described would be of no value whatever, as the fact of its being in
good order when examined would be no assurance that within the
next five minutes it would not be worse than no safety-valve at
all. It is extremely probable that there are many such valves in
use to-day, and also that valves of such construction have been the
cause of many unexplained explosions.
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CXCIII.

THE MICROSCOPE IN THE WORKSHOP.

BY WM. A. ROGERS, CAMBRIDGE, MNASS.

It is & sound principle of mechanical construction that a second-
ary tool should never be used when the work can be as well done
by a primary tool. If the capacity and the efficiency of the primary
tool can be increased so as to meet every requirement, it is better
to dispense with the secondary tool altogether.

In the ordinary operations of the workshop, the lathe and the
planer are the primary tools, while the calliper, with the graduated
scale, is the secondary tool. Let us take the most simple case. It
is required to turn down a piece of metal to a given diameter.
In order to make the assumed case as simple as possible, we will
assume the reqnired diameter to be an even inch. The calliper is
set for this unit of length, either from a gradnated scale or, more
accurately, from an end-measure inch with parallel faces. The
setting in the latter case is done by the sense of feeling. We thus
introduce an additional element of complexity, since sight is at
ouce the primary sense and the ultimate test of a given limit of
extension upon which the workman must rely. When the market
is supplied with graduated scales from which any required length
may be taken by the sense of feeling, it will be in order to defend
the practice of relying upon this sense as a final test in measure-
ments of extension. As a differential test, it is both useful and
accurate. As an absolute test it had better be abandoned. It is a
make-shift at best.

Assuming that the calliper has been set to an exact inch, the
workman turns the piece of metal to the required size by a series
of approximations, with the cver-present risk of going beyond the
required limit. During the final part of the operation he stops
the lathe to test the diameter with his calliper. He then takes
another chip, stops, tries, siarts, stops, tries until the subtle and
ever-varying sense of feeling satisfies him that he has obtained the
correct diameter. But after all, the uncertainty in the setting of
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the calliper remains, and this uncertainty is generally greater than
that which would be found to exist in the comparative trials of
the diameter. If now we increase the required unit, and especially
if fractional increments are added, the problem of transferring a
required length from a scale to a calliper becomes & most serious
one.

Every machinist must admit that there would be a great gain
both in tine and in accuracy if he could be sure of knowing the
exct amount of work done at any instant, if he could see and
messure the varying diameter of his cylinder, and at the same
time control the amount of work to be done by the manipulation
of bis lathe, stopping at the exact instant when the required
dismeter has been obtained—it he could turn two shoulders upon a
¢ylindrical shaft to any required length in one operation, stopping
the last chip at the instant the correct length has been obtained—
ithe could turn a shaft to a required taper, and be sure that the
correct angle of inelination has been maintained during every part
of the operation—if he could—but I forbear further enumeration,
lest the enthusiasin of inexperience may lead you to overlook the
gravity of the demand for a radical change in our present methods
Dot only of obtaining, but of applying measurements of length ;
3 demand made in the interest of accuracy, uniformity and
¢conomy,

Itis quite worth our while, therefore, to discuss the question
whether the microscope considered as an attachment to the lathe
aud to the planer will not enable us to dispense with that secondary
tool, the calliper, in a majority of cases, and at the same time in-
crease the precision and the economy of mechanical construction.

The microscope has been generally accounted a delicate instru-
ment, especially adapted to the minute study of delicate organisms
and to the measurement of minute dimensions. By common con-
gent it has been relegated to the laboratory of the investigator
3ud has been considered quite unsuited to the every-day opera-
tions of & machine shop. One reason for this view formerly had
great force.  Until the invention of the opaque illuminator, by the
Ite Robert B. Tolles—a single prism inserted between the two
front lenses of an objective—the illumination of objects in the
field of thie microscope was for the most part obtained by transmitted
light, thus requiring a transparent substance. A previous inven-
tion by P’rofessor Hamilton L. Smith, of Geneva, N. Y., and since
Patented under a slightly different form by Beck, of London, gives
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equally good results, but the care and the time required in adjust-
ment and the difficulty in manipulation wonld prevent its use in
the workshop. With Tolles’ illuminator, however, it is easy to ob-
tain at once a perfect illumination of a metal surface under almost
any given conditions. It is only required that one face of the
prism shall be presented toward the source of light, whether it be
an artificial flame or the open sky.

It has been assumed also that a machine to which a microscope
is attached must be most firmly mounted upon solid piers insulated
from the building and in a room in which a steady tempera-
ture can be maintained. This is by no means necessary in ordi-
nary workshop practice. The difficulty with regard to solidity of
foundation can be practically overcome by adding mass to the ma-
chine, and the question of temperature will be taken care of by
having separate standards of length of the different metals in or-
dinary use.

Only one other objection remains to be overcome. It is the
common impression that the delicate adjustments of the micro-
scope which are continually demanded—especially the adjustment
for focns—can only be made by the most delicate and sensitive
means. No impression could be more erroneous. Give me a small
lead hammer and I will set the stop of my comparator to a given
line in half of the time and with greater precision than it can be
get by means of a screw movement. Give me a vertical movement
by means of an excentric disc and a long lever-arm, and I will
bring the surface of a plate weighing 100 pounds into the focus of
the objective quite as quickly and quite as accurately as a similar
adjustment, could be made in the hands of a professional micro-
scopist.

Having thus cleared away some of the objections which would
be very properly made a priori against the proposal to use the mi-
croscope as an essential part of the lathe and of the planer, it will
now be in order to point out some of the ways in which it can be
most effectively used in the interest of accuracy and of economy.

I shall, in this paper, limit the illustrations of the applications of
the microscope, to four operations in lathe work, viz.:

(2) Turning shoulders upon a shaft to a required length.

() Turning a face plate to a required diameter.

(¢) Turning a shaft to a requnired diameter.

(@) Turning a shaft to a required taper.

In Fig. 67, 1" represents a microscope which is attached to the
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carriage of the lathe. The microscope £, also attached to the carriage,
isadjusted over a scale g, which rests upon a plate A This plate
is attached to the lathe bed. It has a fulerum at A%, and an adjust-
sble movement in elevation by means of a screw /!. Two or more
flexure screws secure a parallelism of the upper surface of the plate
at every point with the horizontal plane described by the carriage.

The shoulder next to the head stock is supposed to be already
torned. The micrometer line of microscope f* is then set upon
the limiting edge and the zero of the graduations upon the bar ¢
is brought into coincidence with the micrometer line of micro-
sope f.

Itis obvious that if the relative positions of the two microscopes
remain unchanged, the distance measured on the scale by the

Fig.67

movement of the carriage will be indicated upon the shaft by
microscope 1. It will be seen that by the use of two microscopes,
the necessity of adjusting the cutting tool with respect to the fixed
points of reference is entirely obviated. The position of the tool
bears no relation whatever to the dimensions sought. When the
first chip is taken—a little outside of the required limit—the amount
by which the carriage must be moved will be indicated by the
micro:mneter line of microscope /. It is to be noted, however, that
the tool will do its work for one-quarter of a revolution before the
amount of work doneisindicated by the microscope, but the proper
allowance can be quickly made by means of & graduated scale in
the eye-piece of the micrometer of microscope /™.

In order to turn a face plate to a required diameter, adjust verti-
ally the micrometer line of microscope ¢ over the point of the face
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plate which is stationary during its revolution. Adjust microscope
2 upon the zero of the transverse scale. The required diameter
will then be indicated by the movement of #* over the scale and
the indicated limit of the circumference through microscope <.

In order to turn a shaft to a given diameter, it is necessary to
set the micrometer line of microscope #* in the line between the
centers of the lathe. Since it is not possible to do this directly, we
introduce an auxiliary measuring gauge k &', Fig. 68, which will
also be found to be of great service in testing the various adjust-
ments of the lathe. % is a cylindrical shaft, ground to a true cyl-
inder, e. g., in a Brown & Sharpe grinding machine, while supported
at its centers. %' is a ring which slides freely upon the shaft and
is capable of being firmly secured to % by projecting flanges (not
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shown in the figures). This ring is also ground to a true cylinder
and has a known diameter,e. g., of 8 inches.

When this shaft is placed between the centers of a lathe and &*
is set near the tail-stock, the projecting arm of a sliding arm m, Fig.
68, is brought into contact with the ontside surface of ', and the
micrometer line of microscope m? = ¢* is set upon the zero of the
scale upon the upper surface of the arm 7. The shaft is now re-
moved and the carriage is moved inwards through the space of 3
inches, as indicated by the scale. The micrometer line of the mi-
croscope will now be coincident with the line between the centers
of the lathe, if the proper adjustment of the tail-stock has been made.

It is not probable that this adjustment would need to be tested
very often, if the microscope is firmly attached to the carriage.

If the point of the cutting tool is brought into adjustment under



THE MICROSCOPE IN THE WORKSHOP. 169

the micrometer line of the microscope, the required diameter can
beread off directly from the scale. Since, however, the wear of
the cutting tool would probably be appreciable, this direct method
of messurement would not probably be as satisfactory as the more
indirect method of employing the additional microscope /! in con-
nection with an anxiliary calliper scale.

For any diameter up to about one inch with a 1-inch objective,
we may proceed as foillows. When the contact of the arm with
the surface of the ring &' is made, set the micrometer line of mi-
croscope /! tangent to the ring on the same side. Then, for any
ndius of the shaft to be turned, less than the working distance of
the microscope, we shall have, after an inward movement of 3
inches, the miicrometers of both microscopes coincident with the
line hetween the centers of the lathe—one set upon the scale and
the other over the shaft. The required diameter will then be ob-
tained when the micrometer line of the microscope #* reaches the
required point on the scale and the micrometer line of /* is tangent
to the circamference of the shaft.

With a slight vertical movement at right angles to the plane of
the ways, microscope ¢ might advantageously take the place of
microscope /. It would be nccessary to raise the microscope in
passing the center of the lathe, but since it wounld fall back upon
the same seat, there would be little danger of disturbing the rela-
tive positions of the two microscopes by this movement.

In order to set the tail-stock for turning any required taper,
set the ring at the end of the shaft adjacent to the head-stock and
set the microscopes as described above. First set the ring at the
point where the largest diameter is required, and then adjust the
tail-stock in the usual way, so that the reading on the transverse
scale shall indicate the lesser diameter.

It is obvious that two microscopes attached to the tool carriage
of a planer, in connection with longitudinal and transverse scales,
may be made to serve the same purpose as in the lathe. The mi-
croscope may be made especially useful in leveling up the bed of
aplaner. Place beside the lathe a shallow dish of mercury extend-
ing its entire length with means of adjustment similar to plate &,
Fig. 67. Attach a microscope first to one end and then to the other
end of the planer, and make the adjustment for level such that the
surface of the mercury is sharply in focus under the microscope in
the two positions. The bed-plate can then be blocked up at the
intermediate points until every point is in focus.
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With regard to the expense of fitting up a lathe with the micro-
scopic attachments indicated above, it may be estimated at about
$125, exclusive of the cost of the graduated scales. Only two objec-
tives would Le nceded, at a cost of $20 each.

If it is urged that this direct process of applying dimensions in
mechanieal construction is not practical, or not well adapted to ordi-
nary machine-shop practice, if it is insisted that the calliper must
be used, I shall still maintain that a reform is needed in the method
of setting the calliper for a required measure ot length, and that
there is a better way than that ordinarily followed. It is eimply
impossible to set a calliper with any degree of precision from a
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line scale. End-measure gauges are expensive and they require
the most careful manipulation. Moreover, as ordinarily made,
they can only be used for alignot parts of a given unit. They are
useless except for a few special lengths, and the extreme length
seldom exceeds 6 inches.

There are four requirements which ought to be met absolutely
in any proposed system of obtaining and transferring measures
of length.

First—All measures of length must be referred to one line-
measure standard. This standard should be at least one yard in
length, and the subdivisions should be such that any required length
can be taken from it directly to g3 inch. Subdivisions less than
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this limit can be better obtained with the aid of an eye-piece mi-
crometer in the microscope. The yard should be standard at 62.0°
Fahr,, and the subdivisions should be so exact that there would be
no necessity of applying corrections.
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8econd.—The calliper gauge from which measures are to be taken
for nge in the machine-shop must be universal in its action. It
must be capable of being set to correspond to any required length,
sliquot or fractional, as indicated upon the line standard.

Third.—1It must be so simple in form, so direct and so sure in
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its action, that the amount of time required in its manipulation
shall be less than that required in the present practice of obtaining
measures of length.

Fourth.—The cost of construction must be such that any shop
of moderate capacity can afford the outlay. i

It is the experience of the writer that these conditions are ful-
filled in the universal microscopic calliper shown in the Figures 62,
63 and 64. This machine has been in constant use in the compar-
ing room at larvard College Observatory for nearly a year, and
while it has less conveniences than the larger universal comparator,
it has been found to be capable of dving quite as accurate work.
Its first cost, not including the calliper attachment, but including
cost of patterns, was $320.

The main features of this apparatus and the method of operation
will be seen from the following outline references. In Fig. 62,
the microscope slide 2, which is closely fitted to the projecting side
bearings a* and «® and to similar elevated bearings beneath, is
carried the entire length of the bed by the rack f®and the bevel
gear pinions /2 ® and the pinion f, Fig. 64. The microscope plate
* has a slow motion adjustment in elevation by means of an ex-
centric I3, Fig. 63, ) _

The stops ¢ ¢* can be set at any desired position upon the bed.
They can be firmly secured without the slightest disturbance of the
stops by means of large circular clamps beneath the bed plate at ¢?,
Fig. 63.

The plate » extends the entire length of the bed and is closely
fitted between the walls g and ¢, Fig. 84. It rests upon two ex-
centrics oppogite ¢° and ¢*, Fig. 62, and shown in the end view at
g' ¢4 Fig. 64. The adjustment in elevation is made by means
of levers inserted in the wheels ¢* ¢".

The gravity lock of the microscope plate against the stops, is
shown in Fig. 63. The weighted lever ¢ can be thrown out of
connection by means of the spring catch ¢, when it is desired to
make the contact with the stops by means of the rack and pinion
movement.

The graduated bar B rests upon the bed of the machine and
against a vertical ledge which extends the entire length.

The universal calliper s &' rests upon the plate », and can be
placed in any desired position. The two parts ¢ & move independ-
ently; & Dbeing carried by two arms attached to the microscope
slide 2%
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The operation of setting the calliper for any required length will
be as follows:

(@) Clamp section s in any convenient position upon the plate 7,
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() Bring section ¢! into a position such that the stops z and 2!
will be in contact with a clear space between the bases ¢ &'.

(c) Make the connection between * and ' by means of the screws
8tland 2.
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(d) Set the micrometer line of the microscope in coincidence
with the zero line of the graduated bar B.

(¢) Then, when the microscope slide ¥ moves over any required
distance as indicated by the graduated scale, the stop 2' will move
the same distance away from the stop z. The cylinders which form
the stops are bollow, and a rod (not shown in the figure) passes
through both, which serves as a support for the transferring calli-
per for inside measures. For outside measures, allowance is made
for the thickness of the two face plates in setting the microscope
slide. For support, the transferring calliper rests upon the two
cylinders.

In some kinds of work it will be found quite as convenient to
attach one stop 2, to one stop of the comparator and the other to
the vertical face of the microscope slide 2*.

Another convenient form of the adjustable stops is shown in
Fig. 66. They can be substituted for stops ¢ ¢! with advantage
when minute differences in length are to be measured.

This machine can be used to the best advantage by adopting the
system of delivering measures of length from a “standards room,”
just as tools are now delivered from a tool room. This can be most
economically done by the aid of the small boy. If a workman
wishes lis calliper set for any distance, he calls “boy.” The mes-
senger boy receives the calliper and a card on which is written the
dimension required. He takes it to the ¢ standards room” and
after a brief delay he receives back the calliper properly set, to-
gether with the card on which are written the figures which have
actually been used, and delivers both to the workman in half the
time it would take him to set it from a scale with anything like
equal precision.
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There can be no more convincing way of demonstrating the
feasibility of this method of obtaining and transferring measures
of length than by performing some of the operations indicated.
I enumerate below a few of them, with an estimate of the time
which each operation requires.

It is required :

(@) To bring the surface of the graduated scale into a plane par-
allel with the plane described by the microscope carriage. Time, 30s.

(% To set the longitudinal line of a graduated scale parallel with
the ways of the comparator, 45 s

(¢) To ¢ set for focus” upon a given line. By lever movement,
6a. With Jead hammer, 4s.

(@ To set for exact coincidence with a line of the scale by tap-
ping the bar with a lead hammer, 6s.

(¢) To set the stops ¢ ¢* to correspond with any given distance.
For short distances, 50e. For long distances, 1m. 10s. °

(/) To compare a Whitworth end-measure yard with a line
standard and with a limit of error not excecding one ten-thou-
sandth of an inch, 2m. 30s.

@) To compare Whitworth 12 inch, 6 inch, and ‘1 inch end-
mesgures with corresponding line measures, 1m. 45s. each.

(k) To compare a standard end-measure inch with corresponding
line messures, 1m. 30s.

(9) To illustrate the limit of accuracy in measurements by the
sense of feeling by adding to or subtracting from an end-measure
inch one twenty-five-thousandth of an inch, 2m.

(/) To sct a calliper for the distance one inch, upon the machine
8nd compare it with a Pratt & Whitney inch, 2m.

() To illustrate the method of delivering calliper measures for
use in the machine shop.

As the result of experiment, it has been found that the actual
time required to perform the operations indicated is less than
one-half of the limit given above. TFor the experiment under
division (%), the writer is under obligations to the Brown & Sharpe
Mfg. Co. for the loan of the five end-measure gauges of their manu-
facture.

From a comparison of the different end-measure inch gauges, the
following results were obtained :
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A plus sign indicates that the corresponding space is too short;
a minus sign, that it is too long.

Space. Correction, Space. Correction, Space. Correction.
1 —.000008 inch. 7 +.000003 inch. 18  +.000000 inch.
3 +.000024 8§ —.000004 14 +.00:020
8  +.:00000 9 —.000012 15 —.(00016
4  +.000000 10 —.000042 16  +.00001%
5 —.000034 11 —.000026 l 17 +.000016
6 +.000005 12 +.000088 18  +.000010

It must be understood that any apparent degree of accuracy ex-
pressed by a figure in the sixth decimal place in which the unit is
one inch, is probably fictitious.

(ADDED BINCE THE MEETING.)

Since this paper was put in type, the writer has received from
the Pratt & Whitney Co. an end-measure inch, kindly loaned
for this occasion. This standard was constructed from a four-inch
line standard, graduated by the writer in 1881, and which has
served as the basis of all the gauges made by this company. It
has no correction at 62.0° Fahr. The Betts Mfg. Co. also kindly
loaned a standard inch, made especially for the present purpose.
They also sent the Whitworth inch, which has scrved as the basis
of their gauges of this dimension. The same company some time
ago sent two additional standards for comparison to with my line
standard. Thus, with mny own Whitworth standard, bought in Lon-
don in 1880, we have five independent standard inclies for compar-
ison under division (). With the aid of a recorder, it has been
found quite easy to make all of these comparisons without haste,
inside of the limit given for a single comparison as given under (h).

It will perhaps be worth while to give the results obtained. The
particular inch with which the comparison was made, is the first
inch of a standard one-half yard, eubdivided to tenths of inches.
In order to obtain a standard for which no seusible corrections of
any kind would be required, 96 separate trials and corresponding
investigations were made.

The relative errors of the separate inches are given below. The
half yard has no correction for errors of total length at 62.0° Fahr.

The Pratt & Whitney Co. inch is 1 millionth of an inch Zoo short.

The new Betts inch (probably a copy of the P. & W. inch) is 21
millionths of an inch ¢oo long.

The Betts-Whitworth is 202 millionths of an inch Zoo short.
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The Rogers-Whitworth is 236 millionths of an inch ‘oo short.
The Betts inch, No. 1, made in 1883, is 202 millionths of an inch
too short.

The Betts inch, No, 2, made in 1883, is 196 millionths of an inch
too short.

It will be seen that these comparisons bear out the claim of the
Betts Mfg. Co. that their gauges are practically exact copies of the
Whitworth standard. A% of the Whitworth gauges which have
been examined by the writer have been found oo short.

Referring to division (1), it may be said that the difference in the
length between the first two gauges in the list can be detected by
the sense of feeling with considerable certainty.

(TAe calliper, with its microscopes, although set up to be exhibited when the paper
w04 read, was not described before the meeting, the author being prevented from at
Undance. For the same reason, the paper recesved no discussion.)

12 :



178 A NEW FORM OF STEAM CALORIMETER.

CXCIV.
A NEW FORM OF STEAM CALORIMETER.

BY GEORGE . BARRUS, BOSTON, MAeS,

TrE calorimeters ordinarily used for measuring the dryness of
steam operate in an indirect manner. They first determine how
much heat is contained in the sample tested. The condition of the
steam with respect to dryness is then shown by comparison of the
result with the quantity of heat given by the authorities for dry
saturated steam. The sample contains noisture in proportion as
the result is less than the authorized standard. It contains what
is termed superheat, in proportion as the result is greater than the
standard.

Suppose the steam has a pressure of 80 pounds per square inch
above the atmosphere. The total heat given in the tables for this
pressure is 1212.6 B.t. u. above 0 Fahr. If the calorimeter test
yields, for example, 1190 B. t. u., it falls short of the standard 22.6
B. t. u., which is an indication that the steam contains % =25
per cent. of moisture. If the test yields eay 1225 B. t. u., it gives
an excess over the standard of 12.4 B. t. u, which is an indication

that the steam is superheated 127—; = 26.1 degrees.

Calorimeters which work on this principle do not give accurate
indications of the amount of moisture in steam, unless thermome-
ters and scales are employed which are sensitive and which register
minute changes, and unless extreme care is used in the manipula-
tion of the apparatus. In the case of the darrel calorimeter, the
one comnmonly used, supposing the range of temperature to be 50
degrees Fahr., and the weight of steam used for a test 20 pounds,
an error of half a degree in the observations of the thermometers,
or an error of vne-fifth of a pound in the observations of the
weight of water in the barrel, canses an error of one per cent. in
the result. A larger error than this might ensue, if the observa-
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tion of each extreme was erroneous, and all the errors acted in the
same final direction. Unusually close work is more important than
would first appear, for the reason that the moisture in steam of or-
dinary dryness, does not often excced 3 per cent., and a small error
becomes large by comparison.

Calorimeters of the continuous type are more accurate in this re-
spect, for they deal with larger quantities of steam and water and
a greater number of observations for a given test. But they re-
quire equally carefnl manipulation.

The new form of calorimeter presented in this paper is offered
because it so far reduces the errors referred to that they become
almost inappreciable, and it greatly simplifies the operation of
making an accurate test. In order to use it, it is simply necessary
to observe thermometers which show many degrees change of tem-
perature for a change of one per cent. of moisture. It should
be said at the outset that it is intended to be used only for testing
moist steam.

Unlike the calorineters referred to, the new apparatus operates
direetly upon the moisture contained in the sample of steam tested.
It evaporates the moisture, and determines its amount by measur-
ing the amount of heat required for this purpose. The evaporat-
ing agent is a current of superheated steam, and it is the superheat
of that steam which is utilized to do the work. The determination
of the amount of superheat required constitutes the immediate ob-
jeetin view, and this is attained by observing the temperature of
the superheated steam before and after its use. When the quantity
of superheated steam equals that of the sample tested, the evapo-
rition of one per cent. of moisture reduces the temperature ap-
proximately, 18.7 degrees Fahr.* In proportion, then, as the fall
of temperature is greater or less than this number of degrees, the
smount of moisture sought for is greater or less than one per
cent,

It is immaterial what the exact guantity of steam is which is
tested, so long as the relation borne to the current of superheated
steam remains constant. Weighing is therefore dispensed with al-
together, and the desired relation between the quantities is main-
tained by causing each current of steam to pass through an orifice
of fixed size. To obtain equal quantities, which is the relation
most to be desired, the two orifices are made of practically the same

*This is the exact quantity for 80 pounds pressure. For other pressures the
quantity is obtained by dividing tle latent heat by 47.5.
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size and the steam is admitted upon them with & pressure common
to both. ‘

The general form of the apparatus is shown in the illustration,
Fig. 86.

Two half-inch connections are made with the steain pipe or
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boiler, one for the attachment of the pipe H, which is to convey
the moist steam to be tested, and one for the attachment of the
pipe E, which is to supply the superheater. The moist steam en-
ters and passes through the pipe II O, surrounded by the jacket
IJK. On its exit at O, it passes through the thermowmeter cham-
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Ler P, and emerges through an orifice at N, about } of an inch in
diameter.

The supply of steamn at E enters the superheater G, which is a
ljinch pipe, and is there heated by the gas lamps R. It then
passes through the thermometer chamber Q, and enters the jacket
IJK. The hot steam traverses the length of the jacket, passes
through the thermometer chamber L, and emerges at the orifice M,
which, like the one at N, is about § of an inch in diameter. Each
thermometer chamber is provided with an immersed oil cup, con-
taining a thermometer as shown at L. The ends of the jacket are
provided with insulated stuffing-boxes (not shown in the drawing),
through which the inner pipe passes, and this pipe is subdivided
into a number of smaller pipes to increase the heating surface.
The outside of the apparatus, with the exception of the superheater,
is protected with non-conducting covering.

In operating the calorimeter, full pressure is admitted to both
pipes, and the jacket steam is heated till the thermometer C com-
mences to rise above a normal temperature, a condition which indi-
aatesthat the moisture is all evaporated froin the steam to be tested.
As soon as the indications have become constant, the difference
between the thermometers A and B is observed, and the quantity
thus obtained is corrected for the amount which C has risen above
the normal temperature. A still farther correction is applied for
rdiation from the outside of the jacket, which is found by passing
steam of the same average temperature through the jacket, without
admitting steam to the inner pipe, and observing its fall of tem-
perasture, With hair-felt covering, the radiation causes a reduc-
tion of from 10 to 15 degrees, varying according to the degree of
temperature. The weight of steam used by each pipe when the
Pressure is 80 pounds, is about 60 pounds per hour.

The result gives the number of degrees of superheat, correspond-
ing to the moisture which has been evaporated. To find the per-
tentage of moisture, this number is divided by the number of
tuperheat degrees, corresponding to one per cent. of moisture, that
i to one per cent. of the latent heat at the existing pressure,
Latent Heat

47.5 '

To revert, now, to the matter of the error to which the new
alorimeter. is liable, & difference in temperature of approximately
18.7 degrees appears when a change of one per cent. occurs in the
dmount of moisture. If an error, therefore, of 18.7 degrees was

which, as already noted, is
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made in observing the required difference of temnperature, it would
effect the result only one per cent. In the case of the barrel calo-
rimeter, an error of 18.7 degrees would effect the result 37.4 per-
cent.

APPENDIX II

EXPERIMENTS ON THE FLOW OF SUPERHEATED STEAM THROUGH
AN ORIFICE.

It is proper in connection with the paper on a “New Form of
Steam Calorimeter,” to present the following memoranda relating to
some experiments made by the writer in October, 1878, on the flow
of superheated steam through an orifice. The experiments were made
with different degrees of superheating, and in two series. In one,
the pressure over the orifice was 28 lbs. per synare inch above
zero, and in the other the pressure was 58 lbs. above zero. In both
cases the steam was discharged into a surface condenser open to the
atmosphere, that is, against a pressure of 14.7 lbs. above zero. The
orifice consisted of a cylindrical opening in a cast-iron plug 0.09
inch in diameter three-quarters of an inch long. The temperature of
the steam was taken at a point about five inches above it. The re-
sults were as follows :

SERIES OF TESTS WITH 28 1.BS. PRESSURE.

Kind of Steam. I'Imnsb“e‘x;e c;;l 3(; ree 8 of Weight o;es:e‘?:lml_?hchuged
Deg. Fahr. Lbs.
Saturated 0 10.16
Superheated 10 10.09
do. 109 9 16
do. 210 8.48
do. 809 8.14
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SERIES OF TESTS WITH 58 LBS. PRESSURE.

Kind of Steam. Nnmsl:;e?{‘ el‘)'ms of Weight ofpiz?:{n;ulz'lschlrged
Deg. Fahr. Lbe.
Saturated 0 20.22
Superheated 10 19.78
do. 109 18.42
dc. 209 17.18
do. 806 16.27

In round numbers an average increase of temperature of 16 de-
grees in these experiments reduced the rate of diecharge one per
cent. The results for saturated steam agree substantially with the
theoretical discharge calculated from Zeuner’s formula.

DISCUSSION.

¥r. Babcock.—There is an obvious necessity for some method
of ascertaining the amount of water entrained with steam more
iccurate than we now have, and it is more pressing as we know
more about the results with those heretofore nused. At the Elec-
trical Exhibition, the judges found it necessary to throw out all
the tests made by the calorimeters and guess at the results, as they
could guess nearer than they could measure. The way they found
that fact out was by comparing results by three or four diiferent
methods which did not agree so well as their guesses did. There-
fore, the guesses must be more correct.

We are indebted to Mr. Barrus for the suggestion of a new
method of testing the quality of steam ; whether it will prove to
be any more accurate than the others is a question entirely in the
futwre. T can suggest several difticulties. 1In the first place, it is
8 great deal more difticult than would be imagined to obtain two
orifices of exactly the same size. You will recollect that Professor
Biake in some experiments on the flow of steam, some years ago,
tried to produce two orifices of exactly the same size, by driving a
hardened steel mandrel, carefully ground to shape, throngh the open-
ingsin two diaphragms. When he came to test them by using first
oneand then the otherin the same place, he found the results varied,
8nd examination with a microscope disclosed s little speck of dust
i one of thewn, which made a material difference. Now, 1 imag-
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ine it will be more difficult to obtain accurate results by this ap-
paratus than Mr. Barrus would suppose. Again, there is evidently
a considerable difference in the rate of the flow of steam accord-
ing to whether it be moist, or dry, or superheated. Mr. Barrus has
anticipated that point, and given a table of some such differences.
Whether it will be possible to ascertain accurately these differences
50 as to make proper allowances therefor in the results obtained
by this apparatus, is questionable. Again, this is arranged for
steam of one definite amount of moisture ; that is, steam which is
homogeneous. When it is set once it is supposed to be set for a con-
tinued experiment, but, as is well known, the moisture in steam will
vary considerably at different times. . A little - difference in the
velocity of flow of the steain from the boiler will frequently make
a little difference in the quantity of moisture, and sometimes even
a question of firing will produce a difference in the quality of the
steam, go that it is not probable that the steam will remain homo-
geneous during any given test. These are some of the points that
suggest themselves at first sight as possible objections to this very
ingenious apparatus. ,

Prof. Lanza.—We have been using one of the old style Barrus
calorimeters, such as is described in the report of the Boiler Com-
mittee of this Society,* but we have made a modification by meang
of which we bring the condensed water to the temperature of the
air before collecting it to weigh. It has worked very well, as the
results ohtained from testing the quality of the steam produced by
our boilers have been, as a rule, quite consistent, from one to two
per cent. priming. I desire to call attention to one matter which
seems to me to be the secret of a great deal of the trouble which
often occurs with calorimeter tests in general, and that is the fact
that correct results cannot be obtained when the steam pressure
varies during the test. If we begin the test with steam of 75
pounds pressure, and then the pressure drops to 70 pounds, the
walls of the pipe by which steam is conducted to the calorimeter,
being at the temperature corresponding to saturated steamn of 75
pounds pressure, will evaporate a part or-the whole of whatever
moisture is present. On the other hand, with a rising pressure the
reverse effect would be obtained. In ecither case, the calorimeter
would appear to give an erroneous result, whereas, in reality, the
difficulty is not in the calorimeter at all, but in the pipe leading
to it. ‘

~ * Trans. A. 8. M. E,, vol. vi, p. 297.
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Prof. Thurston.—1 do not know, Mr. Chairman, when I have
heard a paper which has interested me more than this, or which
has put in so few words one of the most interesting improvements
made in our apparatus for experimental work. I presume very fow
members of the Society who have not had experience in this direc-
tion have any idea of the importance of the work which Mr.
Barrus has attemnpted in this little invention of his. Twenty years
ago, fifteen years ago, even, the quality of the steam leaving a boiler
was not usually regarded as a matter of any very great importance,
and up to that time the only man, so far as 1 am aware, who had
ever attempted to determine whether the quality of the steam leav-
ing a boiler was a matter of importance in connection with experi-
ments on the power or efficiency of boilers, was M. Hirn, who, in
all his work, had taken a physicist’s stand-point, and had tried to
do good experimental work. As early as 1865 he began his
sttempts to determine what was the quality of steam leaving boil-
ers, but up to 1871, there had never been any considerable amount
of experiment in this direction, and the tests nup to that time put
forward were beginning to be looked upon as being entirely nseless
forimportant purposes. Assuming that a boiler was in good order,
there might be no question that it would furnish fairly dry steam,
and yet nobody kunew, in any one case in which he might be spe-
cially interested, whether the steam were wet or dry, and if wet,
to what extent it was wet.

In 1871, it happened to be left to me to determine in certain
cases the relative value of a number of boilers of different designs
which were placed in competition, and as the chairman of the com-
mittee in charge, I was compelled to determine upon a method of
experimentation that should settle which of these boilers was best.
But1could not then see the way through that problem. I could notsee
sny way then of conducting the test in the ordinary manner, and of
saying when the test was finished which boiler was best. We finally
went to an expense that was considered at the time somewhat extra-
ordinary. We obtained some tubes from M. Root, who showed
the most intelligent interest in the subject we had in hand, and
with those tubes we bunilt up a surface condenser, and into that con-
denser we turned all the steam which the boilers could make. This
occurred at the exhibition of the American Institute in 1871. Five
boilers were tested, and in each case, the test continning a half-day,
all the steam that came from the boilers was turned into the surface
condenser. My idea was mainly to ascertain by a method that
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might be rough, bnt which should be in some degree satisfactory,
whether we could rely on the older reports of the efficiency of
boilers, and whether it would be safe to go on in the old way, and
make tests without reference to the amount of moisture contained
in the steam. The result was to show that with proper manage-
ment, the percentage of priming could be kept down within tive per
cent., and that the old results were often fairly satisfactory. We,
however, found it perfectly possible, by carrying the water where
we chose, to reduce the amount of priming and to produce super-
heating to ahmost any extent we might choose. These tests came out
very well, and the quantities which were handled were so large that
I have no doubt that we obtained accurate determinations of the
performance of those boilers. But it would, of course, be imprac-
ticable to adopt that method in ordinary boiler trials; and the next
question that arose was whether we could not find a way of deter-
mining the extent of priming by some simple apparatus. The first
attempts were made by what has been known since as the barrel, or
tank, calorimeter. As devised by M. Hirn, it consisted simnply of a
tank which might hold one, two, or three hundred pounds, as we
might choose. Steam was turned into this through a hose. The
amount of steam going into it being weighed, the change of tempera-
ture produced being determined with as great accuracy as possible,
we could calculate the amount of priming or of super-heating. M.
Hirn made his tank a simple barrel, put into it a stirrer so that the
water could be efficiently stirred, and introduced a pipe leading
down the side of the barrel, pierced with holes throughout its
length, through which the steam could be distributed. That simple
apparatus, I think, was used by Mr. Emery at about the same date,
and a little later at the Centennial Exhibition of 1876, and-it has
been used from that time to this by a great many engineers, and
remains in use to-day. I have sometimes been able to get results
from it that were fairly satisfactory. At other times, in spite of
every precaution, the results were absurd. In order to get satisfac-
torily accurate results with that piece of apparatus, it is necessary
to have, in the first place, scales that shall have unusual accuracy.
That of Mr. A. H. Emery and the new scales and balances that are
coming into the market now will give all the accuracy that can
possibly be desired. I have no doubt also that the torsion balance
apparatus will perhaps give thoroughly satisfactory results. I have
even found that, where properly made, the knife-edge balance
would give results perfectly satisfactory in all ordinary commercial
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have made me scales that have done very accurate work. Work
can be done with this calorimeter, therefore, that shall be satisfac-
tory, so far as the weighing is concerned. The next difficulty is
in getting thermometers which will be accurate at the start and re-
main accurate. These thermometers must be made with extreme
csre. The graduation must be very carefully made, and it must be
possible to read at least to tenths of degrees. With accurate weigh-
ing, with accurate measurement of temperature, and with extreme
care in securing a thorough intermixture of the entering stean with
the condensing water, results can be obtained with a barrel calor-
imeter which will be satisfactory for almost all ordinary work. In
most cases, however, the barrel calorimeter has proved unsatisfac-
tory.

Ionly call to mind one engineer among all with whom I have
conversed, and who is considered an authority on the subject, who is
villing to trust to it. With the conditions all favorable, I should
not, myself, object to using it, and have used it a great deal, but it
has been found that the form of calorimeter which is best repre-
sented, perhaps, by Mr. Hoadley’s device, is more reliable for
ordinary work. That consists simply of a tank within which is a
closed coil, wsually of copper, thus forming a surface condenser.
The steam issuing from the boiler passes into the coil, and is then
drawn off and weighed separately. There are some sources of error
which will, at times, cause difficulty in making accurate determina-
tions; but, on the whole, I think, the results obtained by that in-
strament are far better than those obtained by the use of the simple
barrel-calorimeter. Mr. Hoadley has shown us the highest refine-
ments in the construction of the second kind of calorimeter, con-
stracting a tank of which the thermal content shall be shown as
fccurately as possible, and so arranged and adjusted that all the
measirements may be made with great facility and accuracy. I
should say, then, that the Hoadley calorimeter might be taken as
the best representative of its class. The system just brought before
U8 wag initiated twenty years ago, by Mr. John D. Van Buren, who
Propoged to use a continuous calorimeter, in which the flow of water
should be determined by a standard orifice, and the condition of the

steam by the formn of a calorimeter to which I now refer. That form
¥as ueed by a committee of which I had the honor to be chairman
sbout 1873, and it gave very good results. That calorimeter was
built gt Mr. Van Buren’s sugg-stion, by Mr. Skeel, a very prom-
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ising young engineer who has since died, and the standardizing
was very skillfully performed ; the resnlts obtained were very satis-
factory. Several forms of continuous calorimeter were introduced
later, one after another, all embodying his principle of a continuous
flow of both fluids through the instrument. The most satisfactory
of these continuous instruments of which I have known is the first
form of calorimeter introduced by Mr. Barrus, in which there is a
constant flow of steam and water, both being kept apart, surface
condensation being adopted, and some very fine work had been done
by it ; but there still remained some of the difficulties et with in
other calorimeters, and the necessity of having exceedingly accnrate
measuring apparatus, and extremely fine thermometers. The device
just presented here by the same inventor strikes me as being a very
promising attempt at meeting what is the vital difficulty in all these
cases. The fact that he gets a range of 15 or 20 degrees for the
variation of 1 per cent. in the amount of moisture in the steam, is
of itself a most interesting fact, and I have no doubt that other diffi-
culties will be met and overcome, and that we will utimately obtain
something of this form that shall be probably more satisfactory and
reliable than anything we have at present.

Prof. Rogers.—1I desire to call attention to two difficulties in in-
vestigations of this kind, both of which can, however, be removed.
First, with regard to the difficulty to which Mr. Babcock has re-
ferred, viz., that of obtaining circular apertures of known and uni-
formly equal diameters for every point measured, it may be said
that this part of the problem can be readily solved by the method
of local correction under the microscope. 1 have recently investi-
gated the diameters of orifices in plates of brass and of iron, which
were used in experiments at Holyoke. Inevery instance a different
value was found for the diameter from that hitherto assummed, while
the diameters at different points of measurement were found to be
considerably at variance.

With regard to the necessity of an exact knowledge of the tem-
perature, I should say that no special difticulty would be encoun-
tered if properly constructed metal thermometers were employed.
I beg leave in this connection to refer to some experiments in which
I am now engaged. In order to obtain a form of thermometer by
which any change of temperature can be instantly deteeted, I fast-
ened a strip of steel and a strip of aluminium side