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AMERICAN SOCIETY OF MECHANICAL ENGINEERS.

[Adopted November 5th, 1884.]

OBJECTS.

ARrT. 1. The objects of the AMERICAN SoCIETY 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.

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

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

ART. 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.

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

ART. 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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ArT. 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.

ARrr. 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, ipcluding
an account of his professional experience, and an agreement that
he will conform to the requirements of membership if elected

Art. 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 baliot enclosed in two envelopes, the inner one to
be blank and the outer one endorsed by the voter.

Axr. 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 volers shall defeat the election
of said candidate.

Agrr. 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.

ART. 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 can receive certificates of member-
ship. If this is not done within six months of notification of elec-
tion, the election shall be void. ‘

ARgr. 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 nega-
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 $5,
payable in advance. A junior, 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.

ART. 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.

ART. 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 be 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.

ART. 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.

Arr. 26. Five members of the Council shall constitute a quoram ;
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.

ART. 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, ez officio, be a member of all three Committees.

ART. 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 Sn-
ciety, and to supervise all regulations for its use.

ELECTION OF OFFICERS.

Axr. 31. At the regular meeting preceding the annual meeting
& 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. :

Agrr. 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 allowed to vote until said arrears shall have been
paid.

ARrr. 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.

Agrt. 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. 836. 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.

ART. 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.

Arr. 38. Any member, honorary member or associaste 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 Z7ransactions 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
ite 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 77 ansactions, 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.

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

ArT. 4. 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.

c






CONTENTS OF VOLUME VIII

raGE
COXXV ittt eiinennneaes Proceedings XIVih Meeting....... 1
CCXXVI . iiiiiitt ciriiiiieeiennnnns Report of Committee on Standard
Pipe and Pipe Threads........ . 2
CCXXVII ....REULEAWX, F........... Friction in Toothed Gearing....... 45
CCXXVIIIL....TuursToN, R. H ....... On the Friction of Non-Condensing
Eugines........ooovvieniiia., 86
CCXXIX...... RoBIREON, A. WELLS. ...Recent Improvements in Dredging
Machinery .......coocvvieannnn 114
CCXXX...... ILANzZA, GAETANO........ Strength of Shafting Subjected to
. both Twisting and Beuding..... 180
CCXXXI..... CAMPELL, ANDREW C....A New Conicograph ............. 145
CCXXXII ....BAKER, BENJAMIN....... Some Notes on the Working Stress
of Iron and Steel................ 157
CCXXXIII....CowLES, WM........... Fire Boata........ooviivneennnnann 182
CCXXXIV....ALDEN, GEO. I.......... Formulae and Tables for Calculat-

CCXXXYV.....KENT, WM
CCXXXVI....BARRUS, Gko. H
CCXXXVII...West, THOS. D

CCXXXVIII. .SumitH, OBERLIN......
CCXXXIX....ParTrIDGE, WM. E....

.............................

CCXLI .. ittt iiieiieeennnans
CCXLIIL....... TaursTON, R, H......
CCXLIII .....THURSTON, R. H......
CCXLIV ..... STEARNS, ALBERT.....
CCXLV....... CRANE, THos. S.......

. RctrHERFORD, L H....
CCXLVI ... {Hunox, F.R.........

ing the Effect of the Reciprocating
Parts of High-Speed Engines... 191
..Is Water-Gas An Economical Fuel. 225

..Casting Aluminium Bronze and

other Strong Metals............. 245
. .Intrinsic Value of Special Tools. ... 258

. .Capiral’s Need for High-priced Labor 269
. .Topical Discussious XIVth Meeting 205

..Proceedings, XVth Meeting....... 848

..A Note on Helical Seams in Boiler-
Making.....oocnveeiiiiiianinn, 857

. .The Bystematic Testing of Turbine
Water Wheels in the United

..A Method of Evaporating by Ex-

haust Steam.............. ... 421

. .Direct Acting Steam Veneer Cutters 426

) Should a Piston Packing Ring be of
{ the Bame Thickness at Every

chine Designing................ 458
..Notes for Discussion in Relation to

the Development of the Compound

Engine, and the Probable Limit

of Steam Pressure in Marine En-

gines and Boilers.............. 472



XXXVi CONTENTS TO VOLUME VIII.

PAGE
CCXLIX...... EuEeRy, CHAS. E........ Notes for Discussion on Cylinder
Coundensation and the Reduction
of the same by the use of the

Compound Engine.............. 479
CCL.......... EMERY, CHAS. E. ....... The Comparative Value of Steam
and Hot Water for Transmitting
Heat and Power................ 512
CCLI......... WEBBER, SAMUEL....... Tests of the Comparative Value of
Different Kinds of Belting...... 529
CCLII........ Bagcock, Geo. H........ On a New Method of making Tubes
from Solid Bars.........ccvuunen 564
CCLIIL ...... Ramsay, H. AsHTON..... What are the Needs of our Navy.. 574
CCLIV ....... MORGAN, JOSEPH JR.....Our Coast Defense, Its Cost and its,
Mechanical Problems........... 582
CCLV........ TowxNE, HENRY R....... Steam and Power ; The Commercial
Determination of Costs.......... 617
CCLVI....... KENT, WM............. A Problem in Profit-Sharing....... 630
CCLVIL...... DREDGE, JAMES. ........ Gas Lightning by Incandescence... 663
CCLVIII ..... SELLERS, COLEMAN...... President’s Annual Address........ 676
COLIX ...iiiiiiner covinnnerainnennns Topical Discussions XVth Meeting 697

(607 7. G Memorial Notices.... ............ 724



LIST OF ILLUSTRATIONS IN VOLUME VIIL

re. PAGE
1. Curve of contact, outside Spurgear...........cco.eviiueeiiinieeennnns 46
2 o« “ T (T . 46
8. Path of Friction, epicycloid gear .................................... 47
4. Contact surfaces, i i ittt ittt ss e sr e 48
5. Contact curves s et teeeiiiinieitiettiiirissereasans 49
6. Complete scheme of tooth proﬂles epicycloid gear................... . 50
7. Curves of approach and recess “ i teiierennsannnes 58
8. Line of contact, involute gear.............coiveeiiiiieniiineinnnens 56
9. Contact lengths “ i itetattttteiae i atrttieieaaseaaes 57
10. Line of contact “ it tiieiieieeeiit ittt 59
11. Failing case “ ittt fesaneresinntennannns 62
12. Wear of Flank from friction, involute gear.............ccvvvveeunnnn 63
18. Abrasion from friction, epicycloid gear...........c..coviiiiiiiine. .. 65
14 “ ‘ ¢ involute “ ........ciiiiiiiiiiiiiiiiieen, 65
15. Friction test of steam engine, Indicator attachment for, side elevation.. 87
16. ‘o “ . e o “ “ plan........... 88
17. « o “ «“ 6 “ “ details......... 89
18. “ “ . ‘¢ general plan of Apparatus.............. 91
19, « . . “  Indicator cATdS.........cceveneieneanns 94
2. “ “ “ . N 95
€. o« ¢ “ ‘¢  diagram of pressures.............. ... 98
22, “ “ o ¢ “ percentagesS.........ec.00. 99
8. ¢ « ¢ e iieaeees 100
24, 25, 26. Dredge buckets, old style.........ccvivueieeiineennnnierenens 117
27, 8. “ “ ) 118
20, “ . and driving tambler...........ciivuiinaatn 120
81,32 ,88 o Robinson’s improved.............cvivninn. 119
84. Dredging Machine for channel work..........ccocvviiiiuiennanensnn.. 128
3. . “ with spud for radial work.................ouveen. 124
88. “ . anchored, for channel work ...................... 124
87. M. I. T. Apparatus for testing shafting, twisted and bent............. 134
88. Diagram to show properties of ellipse........c..ccceviveineeenrannnn.. 147
2. Ca.mpbell s Ellipsograph, plan..........coviiiiiiiiiiineiiianaianans 148
40, “ perspectiveelevation................. e 148
4. « Conicograph, details...............cooviiiiiiiiiiianans 149
4. . o i iiiitee deicseerieiiaeeaaes 150
43. Diagram to show Properties of Parabola...........c..ocvvveveiann.n. 151
44. Campbell's Parabolograph, plan.. .......... ceeieeiiiereninienannns 151
45. “ ¢ Perspective elevation..................... 151
48. o “ detail ... .oiiiiiiiiiiiiaiiies ceiiieienn 152
47. Diagram to show properties of hyperbola.............ccoviviiiiian.n 152
48 Campbe]l’s Hyperbolograph, plan.........ccvviiiiiinniiiivnnees 153

49, “ perspective elevation.................. .. 153



xxxVviil LIST OF ILLUSTEATIONS IN VOLUME VIIL

ra. ’ PAGE
60. Baker’s alternating tests, Bolted specimens.. .. ........ccoveieuennn. 166
51« ‘ ¢ Solid e iiiieiierie e 166
5. « ‘ ‘“  Reinforced “ ... ..iiiiiiiiie ceeien 166
53. Fire Boat, City of Brooklyn, elevation, plans and sections, fuces 183
54, ‘« “ boilers for “ 183
55. ¢ ¢ City of Cleveland, wood, elevation, plans and sections ‘¢ 183
56. ¢ “ ¢ Iron, stern fittings and screw “ 183
57. ‘o “ « ‘¢ elevation, plan and sections “ 183
58. ¢ “ o wood, stern fittings and screw ‘“ 188
59. “ o . boiler for ‘“ 188
60. ¢ ¢ for City of Chicago, elevation, plans and sections ‘¢ 188
[ ) P “ “ “ boiler for ‘“ 188
62, 68. Indicator diagrams, Porter-Allen engine........ccoeeeveininannn. 194
64. Diagram for thrust on crank pin.......ccvviiiiiiinniiniiecninenaes 201
65. ‘ ‘“ calculating compression...........cciiiiiiiiiiiiiiena., 195
68. ‘ ¢ Interference, involute teeth (Smith).........ccccveiunan. 82
67. “ ** total friction in toothed wheels *¢ .................... 88
68. ‘ ‘¢ contact, cycloidal teeth (Lewig). .......c.ccvvveiiinannn. 68
69. ‘“ ‘ ‘  involute ‘¢ et iiriet i eiees 68
70. “ “ loss in friction, i eieiresieetiteisiaaees 70
. “ ‘‘ intensity of wear on cycloidal teeth (Lewis).............. n
72. “ ¢ “ ‘“ involute « LN it
78. ‘o of loss in friction in cycloidal teeth L, 8
4. o o “ involute ¢ i ceeeees 78
75. . ‘“ load tmnsmitted by cycloidal teeth it e 6
76. ' oo “ involute *“ e 76
. “ *t Joss in fricton in cycloidal . e i eiiae .
8. ¢ o ‘“  “ involute ¢ i e m
79, 80. Bilgram’s areas of intensity of wear o, eenaenes 7
81. Diagram of variable pressures on gear teeth L P m
82. . ‘“ path of contact, involute teeth i iteiiieranaes 7
88. Indicator diagrams, Porter-Allen engine, (Lanza)................coo00s 211
84. ‘¢ ‘ corrected for reciprocating parts (Lanza) .......... 211
85. o “ of effective pressure ¢ ..., 211
86. Barrus’s superheating steam Calorimeter...........c.cveiiiieineennns 236
87. Diagram of Calorimeter experiments, (Babcock).......ccovvueennnn... 248
88. ‘“ ‘¢ rotative effect from stroke line (l.anz8)................... 211
89. «“ e « “ ¢ crank-pinline *“ ... ........ ...... 212
90. Combination of Figs. 88 and 89..... e 214
91. Eye-bar tested at Navy Yard........cooviiiinnnnennnrecncerncennnes 169
92. Rope conveyor of 1702.. .. ..coeiiiiieeriosonnneeenciossannnsnnanons 328
93. Diagram to find horizontal velocity of connecting rod (Lewis).......... 18
94. “ ¢ ‘¢ vertical “ . e 216
95. ‘¢ Yorizontal acceleration ¢ .. . 218
96. Diagrams of horizontal and vertical accelerations e 217
97,98, 99. ¢ ¢ rotative effect e 218
100. Combination of Figs. 98and 99 ...........ccciiiiiiiiirniniernnennnns 219
101. “ L D (1) Cere teeienes 219
102. Diagram for Inertia Ordinates (Lewis).. ......cc.covvvinnniciincecenns 220

108. “ showing disturbing effect of connecting rod (Lewis). ......... 220



LIST OF ILLUSTRATIONS IN VOLUME VIIL XXX1X

ne. rAGE
104. Dust Precipitating Apparatus (Giddings).......cooeevuiennn. PR 800
105. Briggs’ Standard Pipe-Thread.........ccvovviievenraiieerorneannnan . 88
108. Diagram of Theory of Physical Properties of Triple Alloys (Thurston)...
107. “ ‘¢ Basis of Model of Triple Alloys (Thurston)................ 887
108. Perspective Elevation of Model, showing physical properties of Triple
Alloys (Thurston). . ..oceeeniineiineeriaeineernnseneeinsanacseecnss 889
109. Belt testing apparatus, plan (8. Webber)......cccvveevivniuaninnnnn, 580
110. « “ o elevation (S. Webber)............ooeivieanan. 581
111. Diagram of eccentricity Piston Packing Ring..................c00ts, 440
118, “ for momeant of resistance o P 40
118. “ of neutral surface N 441
114. “ of lengths, outer and inner surface Packing Ring............ 444
115. o ‘¢ theoretical, unstrained Packing Ring..................... 46
116. Veneer Cutter, Smith’s direct side elevation...........coviieveieanens 427
117. o “ o L T 427
118. “ o o “ front VIEW....iiiiiiiiiieiieseiiaanees 429
119, o o “ “ detailS ciiiiiiiieiee ceieiiiiiieiaea 480
120, “ ‘ “ ¢ pressers for hard wood ........... ..... 480
121, ¢ « . ¢ detail of reverse feed................... 431
122 ‘ “ o “ gection of knife........cocvviennieins 431
128. o . “ . “  « ghifting cylinder............ .. 482
124, ‘“ ©  Crane'’s improvement, side elevation .................. 433
125. . “ “ « end view.......iiiieiiiiiiiae, 484
128. ¢ « o . detail of gearing................ 485
127. “ L o “ automatic feed stop ............. 436
128. . “ “ o « e 487
129, “ . i . detail of reverse feed............ 487
130. Testing Turbines, diagram of efficiencies, 1879 ........c.cvvvnvnei out, 874
181. ““ “ Lowell Flume of 1869, elevation. .........ccc.vun.. 873
182, ‘e « « . R 2V Ot 876
133. o o Holyoke ¢ 1872, observing room............. 877
134. o “ [ « “ tailrace..........coooininnn 878
185.  « “ Hook Gauge at Holyoke, early form ................ 879
136. . « o “oou later ‘¢ L...iieeiieiinnn 379
187. o ¢ Prony Brake at Lowell Flume..................... 880
13841, « . new Holyoke Testmg Flume .............uutt faces 884
142, o “ “ o o working floor......... 3856
148« “ Collins Wheel Draft Tube and Cone................ 898
14, “ “ . ‘  Bucket, Guide and Gate ......... ... 898
45« “ Hercules *“ Guides........c..oovivneeneniennennn 899
146. . ¢ “ ¢“ Buckets.... .......ciiiiiiiiiiien.. 399
147, “ “ method of working updata...........coouieninnnen 411
148, o« “ efficiency curves..........coiiiiiiiiiiiiiiiiniin., 418
149. “ variation of efficiency with discharge............... 407
150. Helical Seam diagram . .......coieeriniieneeiinnee vereeneaenneiens 857
152. Evaporating Pan, @leVation ... ......vu.enerrenen cuorernrnneneneiens 422
153, “ R Y PP 423
154. Proposed 12 and 16-inch Rifle Cannon...........oovveeeevenennn. faces 600
155. Cast Iron OrdDance. . .....covvurvenrverenneenaeneeeneeensesocns 600

158. Steel Rifle Cannon, 8,10,12 and 16 inch......... vevvvneieeennnn “ 600



xl LIST OF ILLUSTRATIONS IN VOLUME VIII.

PFIG. PAGE
157. Gruson Chilled Iron Turret......coovviennvenacenns Cesersesesinsanes 599
158. Spring Packing Rings, deformation of ........cccvvieivirerveneenenns 454
159. ‘“ o ““  diagram for.....coiiiiiiittiiiiiiiineienanns 455
160. o “ ‘ . it eeetatiasraescasacessantsasaoas 456
161. Diagram of transfer of heat (Babcock)....c..cvovirrnervennnicnnnenns 498
162. ““ ¢ consumption of steam **  ......... eieesieetenensaans 494
168. o ‘“ heat transmission o Ceeeeescieecsatsrtsene oranas 527
164. “ toshowecreepofbelts.......cccovviiiieniinneiiiineeiannn,s 559
165. “ to show uniform parts of leather hide............eevvuurnnnn. 562
166. “ of Hewitt’s Rod Pointing Machine..........cccoeeviaeenenan. 566
167. Mannesmann’s tube roll8 . .....oviveiiiiiiiiiianennnnconas eeeeanens 671
168. « diagram of compressing forces.......oovcvneoeeieeonns 572
169. Diegram J. 1. Case Horse Power............... eeesesssennataneans 708

170 Incandescent Gas Lamp, elevation and details. ...



ERRATA.

Page 220. First formula should be :

1226 W.RN*
="4a

Page 281, line 27, for carbonic cxide, read carbonic acid.






PAPERS
NEW YORK MEETING
(XIVth),

NOVEMBER, 1886.

[Seventh Annual Meeting.]






CCXXV.

PROCEEDINGS

SEVENTH ANNUAL MEETING
AMERICAN SOCIETY OF MECHANICAL ENGINEERS.
(X1Vth)

New York, November, 1886.

LocAL COMMITTEE OF ARRANGEMENTS :— WM. H. WrLEY, Chairman; F. R.
HurTON, Secretary; J. C. Bayles, Wm. Lee Church, Jas. A. Crouthers, Charles
E. Emery, Thomas A. Edison, H. 8. Hayward, Wm, Hewitt, Henry Morton, Ed-
ward Weston.

THE opening session was called to order in the hall of the New
York Academy of Medicine, No. 12 West 31st Street, at 8.30 p.u.,
on Monday, November 29th. The chair was taken by Vice-
President Henry R. Towne, of Stamford, in the absence of the
President, Mr. Coleman Sellers, of Philadelphia. The latter was
in Europe on account of ill health, and had sent a letter of regret,
which was read by the Secretary.

The acting president in calling the meeting to order, spoke of
the regret with which the meeting had to forego the pleasure
of listening to the usual address of the President of the Society,
which is presented at this time, but announced that such an
address would be printed as a paper in the volume of Transac-
tions when the strength of the President should enable him to
complete it. The veteran engineer, Mr. Horatio Allen, honorary
member of the Society was then introduced, and spoke of the
early engineering enterprise of this country in the locomotive and
steamship development. Prof. R. H. Thurston, at the close of



4 PROCEEDINGS OF THE

the address, moved a vote of thanks to Mr. Allen, which was
seconded by Prof. W. P. Trowbridge and Mr. H. R. Towne.
After some announcements by the Secretary, and the appointment
by the chair of Messrs. Van Winkle, Heminway and White to
act as tellers to count the ballots cast for officers to be chosen at
this meeting, the Society adjourned for a social reunion.and sup-
per in the lower room and parlors.

Seconp Day. TuESDAY, NOVEMBER 30TH.

The second session was called to order at 10 a.m., in the Hall
of the New York Academy of Medicine.

The Secretary’s Register showed the following members in
attendance, during the successive meetings, and quite a number
of ladies joined the excursions:

Alden, G. L. ... ittt iiiieenans Worcester, Mass.
Allen, Francis B. ....... ..ot Hartford, Conn.
Allen, Horatio (honorary member).............. Orange, N. J.
Allen, John F. ... .. ittt iiiiiiiiiiiennns New York City.
Almond, T. R..... ..ot tiiiiiiiiiiiiiiienn, Brooklyn, N. Y.
Ashworth, Daniel........ ......cciiiianine '.Pittsburgh, Pa.
Babcock, Geo. H.......coooiviiiniiiiiinnen, New York City.
Baker, W. 8. (.o viiiiiiiiiiiiiniennecnans Baltimore, Md.
Bailey, Jackson..............0 Lo, New York City.
Baldwin, 8. W... ... New York City.
Barnard, Geo. A.........oiiiiiiiiiiiiieenee o New York City.
Bayles, Jas. C......oovviiiiiiiiiinineiinneens New York City.
Beardsley, Arthur............coooiuevnnn .. ..Swarthmore, Pa.
Betts, William ..................ovlnt v+ ... Wilmington, Del.
Bellhouse, R. W.......ciiiiiiiiiiiiiiiiann.. Syracuse, N. Y.
Bilgram,Hugo......... ...cooviiie civeiinann Philadelphia, Pa.
Bond,Geo. M.......coiiiiiiiiiniiieeieinnnnas Hartford, Conn.
Booraem, J. V. V.. ... i Brooklyn, N. Y.
Borden, T. J.ouiiiiiiiiiiiiiee veeranenanns Fall River, Mass.
Brady, Jas..... e ateeeieee eeeeeeareeseanaeas Brooklyn, N. Y.
Brooks, Morgan.............ccoviiniiininnnnn. Boston, Mass.
Bulkley, H. W... ..o New York City.
Butterworth, Jas............c.oiiiiiiiiiiene Philadelphia, Pa.
Campbell, A, C....ooviiiiviiiiiiiiiiiennn., Bridgeport, Conn.
Capen, T. W oo i it Stamford, Conn.
Carpenter, R. C.......c.covvunee.. e, Lansing, Mich.
Church, W. L........ .....iiivveiveeenne....New York City.
Clarke, C. Li...coiiiiiiiiiiiiiiiiiiiiinee e New York City.
Clarke, B. J. .. oottt iiiiiiiaens New York City.
Cole, J. W L i iiiiertneecnaannonanans Coluinbus, O.

Colin, Alfred. ..........cceiviinen Ceeeereaenn New York City.
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Collins, C. C.... ... et eseereneataetraaeenan Newark, N. J.
Colwell, A. W, . iiiiiiiiiiiiiiiiiiecnnnnnnss New York City.
Corbett, C. H...ooooivviniiiiiiiiiiiiiiee, Greenpoint, N. Y.
Cottrell, C. B......c.cvt viviiveiiiiianienens New York City.
Couch, A, B....covviiiiiiiiiiiiiiiiiirnninns Philadelphia, Pa.
Crane, T. B.....ooiii ittt Newark, N. J.
Cremer, JuB....ooveiveeieeninnens veessennns. Brooklyn, N. Y.
Cullingworth, G. R....o.ooiiiiiieiiins vannen New York City.
Davis, D. P............... reereaeeeeaeeaas New York City.
Davis, I. H.. ...ttt Dorchester, Mass,
Denton,Jas. E.........ccc vt Hoboken, N. J.
Doane, W, H........oiiiiiiinrnenrnnnnnnnnns .Cincinnati, O.
Dodge, Jas. M.....oooiiiiiiir tiiiiiiinnnnn. Philadelphia, Pa.
Douglas, E. V. .ioiiiiiiiiiiiiiiiiiieinnnnnns Philadelphia, Pa.
DuFaur, A.Foooooiiiiiiiiiiiiiiiiiiiin e New York City.
Durfee, W. Fo..ooot viviiiiiiiiiiinninnnnnn. New York City.
Edson,J. B.oooviiiiiiiiiiiiiiieeininninnnns New York City.
Emery, A . H.o.oooooiiiiiiii i Stumford, Coun.
Emery, C.E.c..iviiiiiiiiiiiiiiiiininnanenes New York City.
Ewer, R.G........cooiiiiinninnae, N Brooklyn, N. Y.
Falkenau, Arthur...........coieiiieninnnnnns Scraoton, Pa.
Formney, M. N.iiiiiiriiiiiiiiiiiiiie viinnes New York City.
Foster, C. H.......ooiviiiiiiiiininn il Chicago, 111,
Fowler, @eo. L........coeiiiieinnninnnnnnnnns New York City.
Fritz, John........c..oiiiiiiiiiiiiiiiiiinnnn, Bethlehem, Pa.
Gibson,"Wm. ... oiieiiiiiiiiiiieieeaaans New York City.
Giddings, C. M..... et earaeee e Massillon, O.
Gobeille, Jos. Leon.......ccovvvvininnnennnns Cleveland, O.
Gowing, E.H .........iiiiiiiiiiiiiiiaanns Boston, Mass.
Grant, Jno. J.oeee it it Philadelphia, Pa.
HalLJohn H.........ooviiiiiiiiiniiiiiane. Portland, Conn.
Harmon, O. 8.........ciiiiiiiiiiiiiinene aun Jersey City, N. J.
Hartshorne, W. B...........ccviiiiiinnnnnn. Lawrence, Mass.
Hawkins, G, C...oovvviiiniiiiiiiniiiieenenes Boston, Mass.
Hawkins, J. T. .....ccovvviriniinnnns eetanan Taunton, Mass,
Heminway, F. F........ccocivviiiiiieiinnnnn. New York City.
Henvey, John, jr......... R New Haven, Conn.
Henning, G. C...oovviiiiiiiiiiiines cunennns New York City.
Herman, Ludwig..............covee ciiinnnn Cleveland, O.
Herrick, J. A.oooiiiiiiiiiiiiiieiieiiennn, New York City.
Hewitt, Wm............... et Trenton, N. J.
Higgins, Geo. F...o.ooovvniiiiiiiiiiiinnnn, Manchester, N. H.
Higging, M. P... ..ottt Worcester, Mass.
3 1 O Chicago, T11.
Hill, H. Aot iiiieiiienenanans Boston, Mass,
Hill, Wm ... . it Collinsville, Conn.
Hillmann, Gustav.......c..cveeveinnenanennns City Island, N. Y.
Hobbs, A. C...oviviniiiiiiiiiiniinecnnnnnnns Bridgeport, Conn.
Hollerith, Herman..................... eeeaes Washington, D. C.
Hollingsworth, Samner....................... Boston, Mass.

Hornig, Julius L............c.cevviuann. eenes Jersey City, N. J.



PROCEEDINGS OF THE

Hunt, Chas. W.......cooiiiiiiiiiiiiinneane. New York City.
Hunt,Robt. W......ooiiiiiiiiiiiiiiin e, Troy, N. Y.
Hutton, F. R. (Secretary)...................... New York City.
Hyde, C. E..iivriiiiii it iiiiiiienennanns Bath, Me.
Ilingworth, J. J....ooiiiii e, Utica, N. Y
Kent, Wm.....cooiiiiiiiiiiiiienninnanns o0 New York City.
Kerr, Walter C........oevvieiiiinninnnnnnn., New York City.
Kiug, Charles C.......coooiiiiiiiins vinian, W. New Brighton, 8. I.
Kirchhoff, Charles................cooevunnn.n. New York Ciiy.
LeVan, W.B...ooiiiiiviiiiiiiiiine veeenenn Philadelphia, Pa.
Lewis, Wilfred..........ccoeviiiiiiinennnn... Philadelphia, Pa.
Livermore, Chas. W....................ovute New York City.
Low, F. Ao Boston, Mass.
Mackinoey, Wm. C........coovvvinnnenan. o Philadelphia, Pa.
Manning, Chas. H........ .....coovviiinnna., Manchester, N. H.
Martens, Ferdinand....................0ouen. College Point, I.. 1.
McBride, James.........coooiiiiiniieiiiaann. Brooklyn, N. Y.
Miller, AleX.....covveierieint cininenennannnn New York City.
Minot, H. P.. ..ottt iii e ceen, Columbus, O.
Monaghan, W. F........cooiiiiiiinniinnnnn, New York City.
Moore, Jno. W...oooiiiiiiiiiiiins caninnnnn New York City.
Moran, D. E.........ooiiiiiiiiiiiine, New York City.
Morgan, Jos., Jr..ceieiiiiiiiiiiiiiiiainians Johnstown, Pa.
Morgan, Thos. R........... «...ooiiiineanet, Alliance, O.
Morton, Henry..........oovivr viiiinen coenn Hoboken, N. J.
Muller, M. ALt ieeeeeaaaeaas Newark, N.'J.
Murphy, E. J.ooii i Hartford, Conn.
Murray, 8. W. ... .. e, Milton, Pa.
Nason, C. W...iiiiiiiiiiiiiies vitnnnnnnn New York City.
Odell, Wm. H.........ooiiiiiiiiiiiiinn.. Yonkers, N. Y.
Parker, Chas. D ..........coiiviiiiriinnnnnnn Worcester, Mass.
Parker,Chas. H..................cviiinnnenn, Cambridgeport, Mass.
Parks, E. H.....c.ciiiiiiiiiiiiiiiiiiinnnnnns Providence, R. 1.
Parsons, Henry...... weessecsteseeeseanea. ...Newark, N. J.
Partridge, W. E..............ooiiiiiiiani, New York City.
Philips, Fredinand...............c.cocoeena Philadelphia, Pa.
Phillips, Franklin..................coooiae Newark, N. J.
Phillips, George H.............c.oiiiiiiiiiis Newark, N. J.
Porter, Chas. T..............coiiiiiiinennn, New York City.
Porter, H. F. J . oooiiiiiiiiiiiiiii e New York City.
Potter Chas., jr.........coiiviiiiiiiinennnn. Plainfield, N. J.
Pusey, C. W........ it Wilmington, Del
Raypal, A H............ ........c...o.vov.. . New York City.
Robinson, A. W. .. ... viiiiiiiierinenennannns Bucyrus, O.
Robinson, J. M .......oiiiiiiiiiiinnnnn connnn New York City.
Roche,John A.........coiivininnninnnnnnnnn. Chicago, Ill.
Rowland, T. F.......c.iiiiieiiiiiniiinennn. Greenpoint, N, Y,
Rowland, T. F.,jr.......civiviiiiins viineen. Qreenpoint, N. Y,
Rowland, C.B.......c.oiiiiiiiiiinnnnnannn. Greenpoint, N. Y.
Sanguinetti, P. A...............cciiiiiiian, Philadelphia, Pa.

.............................

Saunders, W. L

New York City.
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..................................

..................................

.................................

Spies, Albert
Sprague, W, W
Stearns, Albert
Stevens, W. N.. ...ttt iiiiiiiiinnnn.
Stiles, Norman C
Stirling, Allan............oocoiiiiiiiiiian.,
Sunstrom, Karl J
Swasey, Ambrose
Sweet, Jno. E
Tabor, Harris
Taylor, F. W. ... i
Taylor, Stevenson.......cc..coo.vveieneennnnnnn
Thompson, E. P...o.cviiiiiiiiiiiiiiiianns.
Thurston, R. H.........coiiiiiiiiiiiinnan..
Torrance, Kenneth...............ooivvven..
Towne, H. R. (Acting President)
Trautwein, A. P

...............................

...............................

............................
..............................
.............................

Vanderbilt, Aaron........................ ...
Vaa Winkle, Franklin
Ward, W. E

.................................

................................

Watson, Wm.........oooveviiiiiiiiiiinne,
‘Webb, Jno. Burkitt
Webber, 8. S.....c.cviiiiiiiii i
Webber, W. O.........ciiiiiiiiiieiiiennnnns
Webeter, John H
Weeks, Geo. W....... ... .coiiieiiiiinnnn.
Weightman, W. H
Wells, J. Leland
West, Thos. D.............c0iiiiiiiennnnnn.
Westinghouse, H. H..
Weston, Edward

.............................

White, Maunsel...............ccoviveinninnn,
Whitney, Baxter D
Whitney, Wm. M
Wilder, Moses G.........ccoovnvvineennennns.
Wiley, Wm. H.............coitt ciiinennen,
Williams, Harvey D

.............................

...............................

..............................

.............................

Philadelphia, Pa.
Reading, Pa.
Philadelphia, Pa.
Providence, R. I,
Bridgeton, N. J.
Philadelphia, Pa.
Port Washington, N. Y
New York City.
Lake, I11.
Brooklyn, N. Y.
Brooklyn, N. Y.
Middletown, Conn
Yonkers, N. Y.
Worcester, Mass,
Cleveland, O.
Syracusey N. Y.
New York City.
Nicetown, Pa.
New York City.
New York City.
Ithaca, N. Y.
Brooklyn, N. Y.
Stamford, Conn.
Greenpoint, N. Y.

Providence, R. 1.
Tolland, Conn.
Thompeonville, Conn.
New York City.
New York City.
Portchester, N. Y.
Boston, Mass.
Boston, Mass.
Hoboken, N. J.
Reading, Pa.
Lawrence, Mass.
Boston, Mass.
Clinton, Mass.
New York City.
New York City.
Cleveland, O.

New York City.
Newark, N. J.
New York City.
New York City. ,
Bethlehem, Pa,
Winchendon, Mass,
Winchendon, Mass.
Philadelphia, Pa.
New York City
Stamford, Conn
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Williams, J. Newton............ovivinennn.... Brooklyn, N. Y.
Williams, 8. T.......coiviiiiiiiiiiiiinnnn.. Philadelphia, Pa.
Winter, Herman.............................New York City.
Wolff, A.R...............oeiieiiove ... . New York City.
Woolgon, 0. C........c..ec.vvveeeerennnna....Newark, N. J.
Wright, J. Qooveriiii it New York City.
Wymaon, H. W......... et teeeeeeeiiaees Worcester, Mass,
ZelL R.Rooie i e New York City.

A number of gentlemen were also registered as guests of the
Society during the convention.

The first business in order was the Report of the Council,
which was read by the Secretary as follows:

.REPORT OF THE COUNCIL.

The Council would present its Annual Report to the Society
under the Rules. It has held seven meetings during the year for
the transaction of business, and the following is & summary of its
action : .

The Committee on Rules for Debate presented a scheme for
conducting this business, which went into effect at the XIIIth
meeting in Chicago in May, 1886, and will be found in the VI1Ith
Volume of the Transactions of the Society, page 408.

The Council has directed, further, that is not necessary, under
Rules 10-13, to hold back the election of all candidates for mem-
bership until within thirty days of a meeting, but have established
the precedent of ordering a ballot whenever twenty applications
are received.

The Council has, moreover, ordered that the pin-badge for
members be made, hereafter, of a higher grade of workmanship
than heretofore, albeit at an advanced cost. These badges are
now furnished at $4.50 under contract with the Society, and by a
special system of order as called for.

A committee has also reported upon a system of precedents in
reference to members delinquent in dues under Art. 19 of the
Rules. Their report recommends that asin the Rule the names of
members who have not paid dues for any year be dropped from
the Catalogue at the end of the first year of delinquency. Such
names, however, are to be retained upon a “ Suspended List” for
two more years, during which time their membership may be re-
sumed on payment of arrears. After three years, however, mem-
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bership can only ‘be resumed by re-electlon, as provided in the
Rule. Members on the Suspended List receive no Transactions,
nor can they vote, but may attend meetings, and take part
therein.

This same committee has also considered the advisability of a
change in the form of blunk for application for membership, in
view of the growing necessity for close scrutiny of candidates by
the Council. The new form will be shortly issued for the use of
members and new applicants.

The Council would present the Report of its Tellers as follows :

The undersigned were appointed a Committee of the Council to
act as tellers under Rule 13, to count and scrutinize the ballots
cast for and against the candidates proposed for membership in
the Society of Mechanical Engineers, and seeking election before
the fourteenth meeting of the Society, in November, 1886.

They would report that they have met upon the designated
days in the office of the Society, and proceeded to the discharge
of their duties.

They would certify, for formal insertion in the Records of the
Society, to the election of the appended named persons to their
respective grades upon the Lists Number One and Number Two,
colored, respectively, pink and ye]low

There were 293 votes cast in the ballot upon the pink list, of
which 11 were thrown out because of informalities, and there were
334 votes cast using the yellow ballot, of which 8 were thrown out
because of informalities.

The list is appended below.

W. F. DURFEE,} Tellers of the
Wi KENT, Council.

AS MEMBERS.

Briggs, Charles C..........cooviviiiinienne, Pittsburgh, Pa.
Bellhouse, R. Wynyard..............ccovnuen. Syracure, N. Y,
Blake, Francis C...........coiiiviieeennnnnns Mausfield Valley, Pa.
Cook, Frederic .............covivs viniinnnns New Orleans, La.
Corliss, William......... ... .cciiiiiiiinenn. Providence, R. I.
Cottrell, Calvert B........... e iesieeeeeeiaa New York City.
Cullen James K............ ...... Ceeerenaans Chicago, I11.
Davidson, Marshall ‘I'........ ................ New York City.
DeMontmorency, Carl G. L.................... Warren, Mass,

Dicey, Elmer C....o.ovvvnviiniinniernereeenns Chicago, Ill
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Folger, William M....................coo0een Washington, D. C.
Gale, Horace B...........ccoiiiviiiiiennnnnn, St. Louis, Mo.
Goodale, A. M.... ... .iiiiiiiiiiiiinnneen Waltham, Mass,
Goodfellow, George. ........... ...oovuiien.es Steelton, Pa.
Hanson, Augustus. .........ooovvuieniiinannn, Chicago, Ill.
Hornung, George..........coveviiiniiiins o Cincinnati, Ohio.
Hunt, Joseph ...oovvviiniiieniiiiniieennnn Catasaqua, Pa.
Kebler,J. A.... ...iiiiiiiiiiiiiiiineennns, Ottumwa, Iowa.
King, Charles C...............cooiiiavininnnn New Brighton, N. Y.
Lanphear, 0. A.... ... ..iiiiiiiiiiiiaaannn. Columbus, O.
Lavery,George Li......ccooovviiinniiniaennsn. Chicago, 111.
Ludlam, Jos. 8...........coiiiiiiiiniinann... Lowell, Mass.
McBride, James ...........c.cco0unnn.. PP Brooklyn, N. Y.
Packard, Li......ccocviniiininiiiininnnnnn West Albany, N. Y.
Pearson, W. B...... ... ... i, Cleveland, O,
Plamondon, Ambrose . .............ciiivninnnn Chicago, Il
Plamondon, Charlecs A.........c..cevvnenn... Chicago, I11.
Pope, Samuel I.................. ...l .Chicago, 111,
Ramsay, H. A............... ... ool Baltimore, Md.
Roberts, F. C...cooviviiiiiiiiiinininnannnnn Trenton, N. J.
Ruth, W. M ... it e Fort Wayne, Ind.
Saunguinetti, Percy A. ..............cciiianln Plila., Pa.
Sheriffs, James............ ccoiiiiiiieriin... Milwaukee, Wis.
Sorge, A, Jr. .o ittt i Rochester, N. Y.
Steward, John F . ... ........................ Chicago, 111
Taylor, J. Archie........ ..... ... c.oeile. Wilmington, Del.
"Ulmann, Charles J.........coooivviieinnnnnn. Providence, R. I.
Unger,John 8. .......cooviiiiiiiiiiiinne, Steelton, Pa.
Waddell, J. A. L. ..ot iiiiiiiiiienenneanns Pheenixville, Pa.
Walworth, Arthar C. ..........ccovveiinnnn Boston, Mass.
Webber, Henry, Jr. .....covvvuuienniennnn. Dunmore, Pa.

Dick, John......cooviviieiiiiiiianieineennns Meadville, Pa.
Rupley, George.........c..oooiiiiineiianinennn Duluth, Minn.

Armstrong, B. J. ..o Painted Post, N. Y.
Dizon, W. F. ..ttt iiiiiiiiiannenneens New York City.
Lidgerwood, Wm. V.......c.coiiiiiinnnenann. New York City.

* PROMOTIONS TO FULL MEMBERSHIP.

Roche, John A., Associate of the A. 8. M. E....Chicago, Ill.
Greene, Isaac C., Junior of the A. 8. M. E...... Baltimore, Md.

The Council would also report the following summary of the
membership :
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Honorary Members .........ooiiiiiiiiiiiiiiiiiienneenees 15
Life Members ......viiiiiiiiiinneiteoirernnee tacaenrnnnens 7
D) 1] -3 o3 590
ASSOCIALEB ... ..ttt it it it i it eeeaes 25
B D 14 81

Total .....civtiiriiiii ittt 668

MemberB. . oottt i it e e e 41
ABBOCHIALEB. . oo iiv vt iiiernntreieenenetataetanaraeanaannnnes 2
dumiors L. e e 8

¢ Grand Total...... ........ovvinnnnnn. E

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

Frederick E. Butterfield ............... «.ccoivviiiane.. Member.
DauphineS. Hines ...............0 ceveiiiiiiiiiaainnn ¢
Theodore Bergner. .............coiviiiiiiiiniiiinnn.n. .
Emile F. Loiseau. .. ........oooiiiiiiiiiiiiiiiiiiiniennn, o
Jon C. Houdley .. .....ooiiiiiiiien civiiinnninnnns .o

The Report of the Finance Committee to the Council at its
final meeting was also read, giving the summary of their work
during the fiscal year just closed. This report was as follows :

The Finance Committes, would respectfully report to the
Council the following statement of the receipts and expenditures
of the Society, under their direction, for the twelve months end-
ing November 1st, 1886.

The receipts have been as follows :

InitiationFees. .. ...........cciiiiiiiiiiiiiiiiiennen, $1,835 00
Current Dues...........coiiiiiiiiiiiiiiiiiiiiiinnens 6,242 00
Past Dues........ ccciiiiiiiiiiiiinnnnnienceeassaans 273 00
Advance Dues........ccv tiriiiiiiiiiiiiiiianeieeaa, 67 10
Paper Sales........ccoviiiiiiiinennrreneeaeiiieenns 572 03
Binding... c.ooiiiiiiiiii i e 822 10
Library (Permanent)..........ccoooviivinererineesenns 126 43
Library (Current Expenses) ....... ....covvevennnnnns 48 80
Badges.......coviiiiiiits tiiiii e i 242 78
Engraving ....ooiviiiiiiiii i 108 17
Life Membership.............ccoviiiiiiiiiiiiiiine 150 00
Contingent. .....oooviuiinuiiinnireneeiieniiceiennns 22 77
Balance on hand November 1st, 1885 .......... ..... 89 48

$11,078 11
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The expenditures have been as follows :

Printing and Stationery..........coiiiiiiiiiiiieinn.. $545 18
Postage........coooiiiiiiiiiiiiiiiii i 564 46
Library. ..ocvtii i i e 137 20
BalAriOS. ..ottt e i it e ettt e i 2,210 00
Expenseand Rent..............coiiiiiiiiiiiiiinines 960 82
Eograving. ... ... oot i iiii i 848 10
Binding.....ooiiiiit i i e e 829 60
Meetings......ooivviiiriiiniiiii i i, 875 50
Work of Committees. ...........ovviiiunennainenn. 41 55
Office Furniture and Fixtures........................ 50 98
BAAEES .o veeneeiiae it 157 50 °
Travellng...ooiiiieeiin ittt 138 15
Priuting Transactions. ........cooiviiiiiiiiinnneannes 8,695 51
Refund Advance of Treasurer.....coo.ovuvieneennnn. 22 M
Refund Advance Dues paid...... ..............c...n. 11 10
Total Expenditures of Year........e..ccevueeeavanne. $10,088 42
Balance on hand November 1, 1883..........ccovv.un. 984 69

$11,078 11

Of this balance, $831.73 stands to the credit of the Society in
the Bleecker Street Savings Bank, and $152.96. is in the hands of
the Treasurer as a Balance to carry forward to the next fiscal
year.

There remains $554.37 on the books, outstanding, as due to
the Society, from the membership. = Of this sum, over $270 comes
over from last year, and $320 of it is probably uncollectable.
There is every probability that the rest will be paid in when the
financial embarrassments are removed from the indebted mem-
bers.

The increase in the expenditures over previous years is due to
the growing size of the volumes of Transactions, and the entailed
expense for printing, engraving and distribution. During this
year also the Society has paid for many items, for which the bills
have been presented in previous years, after the date of the
Annual Report. This is due to the earlier date at which papers
are issued before the meeting, and there are so many less bills
outstanding against the Society chargeable to next year’s income.

Respectfully submitted,
By the Finance Committee.

The Library Committee Report was also presented by its
Chairman, and read by the Sccretary, as follows:



SEVENTH ANNUAL MEETING. 13

In accordance with the resolutions adopted at a previous
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 scheme, and soliciting subscriptions in any of
the three following forms, viz.:

() Annual subscriptions to a permanent fund, of $10 or up-
wards (payable in installments if preferred).

To this there have been responses since the last Report, Vol.
VII. Transactions, page 13, from six members, viz.:

C.C. Hill...... f e teeiieeteseieiticeeeaaas $25.00
G. R Cullingworth..........coooiiiiiiinenn.n. 10.00
Ferd. Martens.......c.cvviviininneneneennennnns 10.00
Horace See.......coviiiienninnrennnininenns 10.00
W. P, PAr80DS . i.ovviviiieiennnecrensonnsnnans 5.00
A HRaynal.....covoiiiiiiniiiiieiiieneeinnns
™ ——  $65.00
Previously reported in last annnal report............ ... 618.40
Y $678.40

(6) Annual subscriptions to an amount of $2, payable at the
same times as the annual dues.

To this there have been responses since the last report above
referred to, from thirty-one members, viz.:

A. H. Raynal, W. F. Rumely, Frank Grinnell,
Albert W. Jacobi, J. F. Sorzano, Harry C. Francis,
Ferd. Phillips, 0. W, Kelly, Chas. H. Loring,
C. C. Hill, Wm, Sellers, Theo. N. Ely,
W. H. Doane, Chas. A. Moore, Geo. Hayes,
Geo. H. Perkins, E. K. Sancton, J. N. Barr,
F. D. Cummer, W. H. Ioslee, W. H. Bone,
Gaetano Lanza, N. C. Stiles, Eckley B. Coxe,
Ferd. Martens, Chas. P. Howard, John Walker,
F. M. Wheeler, ) Isaac C. Greene, Hillary Messimer,
C. Potter, Jr. :
L)
Whose annual subscriptions form a totalof....... ....... $62.00
The previous subscriptions, given in the last report were.. 169.00
Making a total yearly fund to draw upon, of.............. $281.00

There are therefore 114 members now regularly contributing to
this fund by this plan of small increase in the dues, and it is
urged that all others who can conveniently do so, should co-oper-
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ate in the further extension of this plan, and thus induce a more
general interest among the members.

(¢) Direct contributions of books and papers of value.

To this there have been a number of responses during the year,
particularly by members residing abroad. The following list con-
tains the contributions not catalogued in the previous report.

By Samuel McElroy :
Original and Present State of Brooklyn Weater Works.
Water Power at Niagara Falls.
By G. A. Hirn:
La Cinetique Moderne et l1a dynamisme de 1'Avenir.
La Conservation de I’Energie Solaire.
Notice sur les Lois du Frottement.
Recherches sur les Lois de I’écoulement et du Choc des Gaz.
Remarques relatives a une Critique du Zeuner.
Biographie de O. Hallauer.
Recherches Experimentales sur la Limite de la Vitesse que prend un Gaz.
Relations reciproques des grands Agents de 1a Nature.
Remarques par M. Faye sur la Vitesse de Gaz.
Reflexions sur une Critique de M. Hugioniat.
By G. A. Hirn and O. Hallauer :
Refutations, une Critique de M. Zeuner.
By O. Hallauer (Deceased) :
Etude Critique sur les Moteurs a Vapeur. 7 Pamphlets,
Resume de la Theorie Mecanique de la Chaleur. 2 Pamphlets.
Compression de la Vapeur.
Note sur les Variatione du Vide.
Note sur une Modification de I'Indicatenr de Watt.
Note sur la Construction du Thermometre differential a Air.
Analyee de deux Machines Corliss.
By J. T. Henthorn: . .
Report upon the Pumping Engine ut Pettaconset Station.
By William Kent :
Eugineering as a Profession.
By J. Burkitt Webb:
The Second Law of Thermodynamics.
By George H. Bleloch:
The Art of Needle Making.
By W. H. Daurfee :
. The Mitis Process of Producing Wrought Tron and Steel Castings.
By William A. Rogers :
The German Survey of the Northern Heavens.
On the Method of Determining the Index Error of the Meridian Circle.
Studies in Metrology.
The Reduction of the Different Star Catalogues to a Common System.
Micrometry.
By J. Bauschinger:
Protokoll of the Second and Third Sessions of the Conference in Reference
to Testing of Materials.
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By Henri Schneider :
Essais Effectues sur un Machine Corliss a Creusot.
By R. Clausius :
Zur Theorie der Kraftubertragung durch Dynamo—electrmohe Maschinen.
2 Pamphlets.
By H. Tresca (Deceased) :
Resultats sur les Machines et les Regulateurs d’Electricite a courant con-
tinu.
Conference sur la Transmission du Travail mechanique par les Courants
electriques.
Experiences faites a 1’Exposition E]ectrique.
By Francis Reuleaux :
Dampfkessel Explosionen im Deutschen Reiche, 1877-1881
Caltur und Technik.
Neuerungen in Ferntriebwerken.
By J. J. Kunstadter :
Report of Experiments with U, 8. 8. 8. ¢ Nina,” with rudder alone and
Kunstadter’s Screw.
By William Cowles :
The ¢ Oraro System ” of Marine Propulsion.
By Charles T. Main :
Relative Costs of Steamn and Water Power.
By J. C. Hoadley (Deceased) :
Steam Engine Practice of the United States.
By Horace See :
Utilizing Steam of the Higher Pressure,
By F. R. Hutton :
Improvement in Locomotive Engines and Railways, by George E. Rellers,
By C. J. H. Woodbury :
Reports 1 and 2 on Automatic Sprinklers.
Electric Lighting in Mills. .
The Relation of Electric Lighting to Insurance.
Protection of City Warehouses from Loss by Fires
By Dwelshauvers-Dery :
Les Decouvertes recentes concernant la Machine a Vapeur. Calcul du rayon
des Bobines des Machines d’Extraction.
Sur la Forme du Tambour Regulateur des Machines d’Extraction.
Note sur la Compression de Vapeur.
De la Regulation de Machines.
Le Regulateur de Buss.
Report sur la Section de Mechanique de 'Exposition Nationale de Milan.
Theorie des Moteurs a Vapeur.
Revue des Machines thermiques motrices exposes a Paris.
Revue des Machines thermiques motrices exposes a Vienne.
Programme du Cours de Mechanique appliquee et de Physique indus-
trielle.
Principes de la Resistance des Materiaux.
W. § Auchincloss :
Practische Anwendung der Schieber und Coulissensteuerungen.
Henry Metcalfe :
The Cost of Manufactures and the Administration of Work Shops.
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J. Bauschinger :
Mittheilungen aus dem Mechanisch Teclinischen Laboiatorium. Parts,
1 to 15. :
John H. Cooper :
Ruskin’s Modern Painters. 5 vols.
Time and Tide. L. Ruskiu. /
Life and Travels of Von Humboldt.
Together with twenty other books which have not been as yet put upon
the Library Catalogue, in view of their more remote counnection with
the special objects for which the Library is being collected.

ANNUAL REPORTS.

City Engineers........cocoiviiiinnnenenininnnnnns Toronto, Canada.
Harbor Commission..........covviviiiniennnnns Montreal, Canada.

PROCEEDINGS OF SOCIETIES.

Associated Societies of County Surveyors and Civil Engineers of Indiana.
American Water Works Association.

Michigan Association of Surveyors and Civil Eogineers.

Michigan Engineering Society.

It is known, however, that many members have issued books
or professional publications during the year, which are not repre-
sented in the Library. The advantage to the Library of such
gifts from the members is so obvious that it is only necessary to
ask your more particular attention to the matter in the future than
it bas received in the past.

Moreover, since the previous report, the Society has acquired
by purchase, vols. 4 $o 12 inclusive, of London Engineering, which
were lacking at that time, and their set is now complete with the
exception of vols. 1, 2 and 3, and vols. 29 to 33 inclusive, which
the Committee would be very glad to obtain, so as to make their
set complete from the beginning.

During this year also efforts have been made to complete the
back files of the periodicals taken at the office, and in addition to
the files of current numbers given below, the Library contains
back issues as follows:

American Engineer, Chicago. Complete from beginning of vol. 2, 1881.

Electrical Review, New York. Complete from beginning of vol. 8, 1883, and
vol. 2 is complete except the first six numbers.

Manufacturers’ Gazette, Boston. Complete from the beginning of vol. 6, 1884,

American Machinist. Complete from the beginning of vol. 1, except No. 1, of
vol. 1.

American Journal of Railway Appliauces. Complete from vol. 1, 1883.
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Cotton, Wool and Iron, and Boston Journal of Commerce. Complete from begin-
ning of vol. 23, 1884.

Chicago Journal of Commerce. Complete from beginning of vol. 44, 1884,

Electrical Review of England. Complete vol. 18, 1883.

Mechanics. Complete from vol. 1.

Official Gazette, Patent Office. Complete from vol. 26, 1884.

Engineericg and Mining Journal. From vol. 29, 1880.

National (‘ar Builder. From vol. 2, 1880.

Railroad Gazette. From vol. 15, 1888.

Van Nestrand's Engineering Magazine. From vol. 22, 1880.

Industrial World, Chicago. From vol. 20, 1888.

The Engineer of England, begins with vol. 58, 1884.

Iron, England, begins with vol. 24, 1884. )

Mechanical World and Steam Utsers’ Journal, England, begins with vol. 17, 1884,

Engineering News, beging with January, 1888.

American Miller, begins with Januury, 1888,

Railway News, begius with January, 1886.

If any of the members know of any facilities for supplying any
of the previous issues of the above mechanical journals, they
will confer a favor by putting the Committee in the way of secur-
ing them.

LIST OF EXCHANGES. *
Zpravy Spolku Architektu a Inzenyru. Prague.
Ingenioers-Foreningens Forhandlinger. Stockholm.
Mioing Institute of Scotland. Hamilton.

North of Eugland Institute of Mining and Mechanical Engincering. Newcastle.
Institute of Mechanical Engineering of Great Britain. London.

Institute of Civil Engineering of Ireland. Dublin.

Mechanical World. Loudon.

Engineering. London.

The Engineer. London.

Iron. Londou,

Electrical Review. London.

Master Car Builders’ Association. New York.

Engineers’ Club of Philadelphia. Philadelphia.

Engineers’ Society of West Penn. Pittsburgh.

United States Naval Institute. Annapolis.

Fraoklin Institute. Philadelphia.

American Society of Civil Engineers. New York.

American Institute of Mining Engineers. New York.

Aseociated Engincering Societies. St. Louis.

American Journal of Railway Appliances. New York.

Electric Review. New York.

Chicago Journal of Commerce. Clicago.

Boston Journal of Commerce. Boston,

Industrial World. Chicago.

American Engineer. Chicago.

Manufacturers’ Gazette. Boston.
American Machinist. New York.

2
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Mechanics. New York.
Railroad Gazette. New York.
Engineering and Mining Journal. New York.
Institution of Engineers and Shipbuilders of Scotland. Glasgow.
Northeast Coast Institute of Engineers and Shipbuilders. Newcastle on Tyne.
Societe des Ingenieurs Civils de France. Paris.
National Car Builder. New York.
American Miller. Chicago.
Engineering News. New York.
United States Patent Office. Washington, D.C.
Van Nostrand’s Magazine. New York.
Railway News. New York.
Conservatoire des Arts et Metiers. Paris, France.
Polytechnic Society of Norway. Christiana.
Liverpool Engineering Society. Liverpool, Eng.
The Society of Arts. Massachusetts Institute of Technology. Boston.
Respectfully submitted
by the LIBRARY COMMITTEE.

The Committee on securing the passage of a bill for the ap-
pointment of a U. S. Commission to test materials, etc., presented
its final reporteas follows :

To The American Society of Mechanical Enginecrs.
GENTLEMEN :—

Your Commiittee beg respectfully to report that since the last Annual Meeting
they have been actively engaged in endeavoring to further the object of their ap-
pointment. They were in conference with members of Congress before it met,
and immediately after its opening a bill for the appointinent of a Test Commission
was introduced. Engineers were then writien to all over the United States, ask-
ing them to urge their representatives'in Congress and their senators to vote for the
bill. Many assurances of sympathy in the bill and determination to work for it
were received from members of Congress and from all parts of the United States
as well. After some delay a canvars was made of the opinions of the various
members in the House of Representatives, and it was found that there was a
large majority in favor of the bill. Notwithstanding all this, it was found to be
impossible (for what reason your Committee cannot state) to get the bill before
the House for discussion, although it was on the calendar. The reason which
was given Ly the persous in charge of the bill was that there was no politics in
it. Congress adjourned without reaching the bill. Any further effort that is
made in this direction will therefore have to be made ab tnitio. In view of the
fact that your Committee has worked earnestly at this matter and has used every
honorable means within their knowledge to promote the passage of this bill, and
Las failed for several successive years, owing to no fault of their own, your Com-
wmittee suggest that if this subject is to be further continued it be committed to
other hands, and that this Committee be discharged from any further considera-

tion of this subject.
Yours respectfully,

THO8. EGLESTON.
C. J. H. WoODBURY.
OBERLIN SMITH.
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This report having been presented, it was moved and seconded
that it be accepted and adopted and the Committee discharged.

This motion was carried.

The report of the Committee of the Society on securing uni-
formity in standards for pipe and pipe-threads was next presented
by the Secretary of the Committee, Mr. Geo. M. Bond, and re-
ceived brief, favorable and complimentary discussion. Mr. Kent
moved a vote of thanks, which was most cordially seconded by
Mr. Doane, and the motion was carried.

The report, as amended in conformity with Mr. Kent’s sugges-
tion, is of so important a nature, and particularly in view of
added mstter which could not have been included in it at the
datg of its presentation, that it is printed in full as one of the
contributed documents of the meeting, with appended discussion,
as paper No. CCXXVL

The Chairman : * The next report is that of the Committee on
Uniform Methods of Testing. As a member of that committee I
will report briefly that we have made some progress. Prof. Egles-
ton, who was chairman of the committee, has been compelled by
ill health to resign the chairmanship. The purpose sought in the
appointment of the committee was to arrive, if possible, at some
uniform method of making tests of materials whereby the im-
mense amount of this kind of work, which is constantly being
done all over the country, may be made comparable, so that the
work which each person does shall be available not only to him,
bat to all others, and vice persa. The first step taken by the com-
mittee was the sending out of a request, accompanied by samples
of material—bars of iron and steel, round, square, and flat—to
some ten or twelve different concerns having testing machines,
with the request that they would test these specimens and make
a report on them and return them. The reports received in re-
sponse to that request were so variable in form and statement,
that a tabulation of them, which was made by Mr. Henning, one
of the committee, required, if I remember, very nearly fifty col-
umns, in order to cover every kind of report or statement made by
each of the ditferent investigators. It was simply impossible to
make any general deduction from returns which were so variable
in their bases of statement; and the next step of the committee
was to consider carefully a form of standard report for this par-
ticular purpose; not for general adoption, but a form which would

* Mr. Henry R. Towne.
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give us identical kinds of information from each party who made
the tests. Such a blank was prepared, printed, and sent out,in this
case, to twenty-two concerns having testing machines, accompanied
by specimens, consisting of three each, ronnd and square wrought
ron bars, and also a similar number of pieces of steel—all of the
material, by the way, being contributed by manufacturers in aid
of the work of the Society. These test pieces have now been out
for a month or more ; many of them have been tested and re-
turned, and we believe that probably all of the parties addressed
will respond by making the tests and giving us the reports. A
few of them who have already reported have, in addition to fur-
nishing the reports of the tests, given us considerable information
as to the construction of their machines, as to their regular
methods of test, and other data which are of interest. When all of
this information shall have been received, the committee proposes
to tabulate it and put it in form for submission to the Society, and,
if the committee can arrive at an agreement as to a standard form
for a report blank for tests, they will append that, presumably
also adding some brief statement of the rules that should govern
tests in order to make them comparable. If all this can be ac-
complished, the work of the committee will undoubtedly be of
value and interest. We hope to have the work so far completed
as to be able to make a report at the next meeting.

The last report was the report of the tellers appointed at the
previous session to count the ballots for officers :

November 30th, 1886.

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, 353, 14 of
which not indorsed.

PRESIDENT.

George H. Babhcock....................... 335
Scattering...........coviiiiiiirinninnn... 3
ViCE- PRESIDENTS.

Joseph Morgan...................coooonne 341
Chas. T.Porter................oeiveeun.. 337
Horace 8. Smith.......................... 334

Scattering.................. it 2
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MANAGERS.
Frederick G. Coggin....................... 339
John T. Hawkins.......ooovvievrinnnnnt onn 337
Thos. R. Morgan, Sr ..................... .. 339
Secattering. ... ............ooiilllL None
* TREASURER.
‘William H. Wiley......................... 339
Seattering...............coo il None
F. VaN WINKLE,
F. F. HEMINWAY, } Tellers.
H. C. WHITE

The chairman then inqnired if there was any new business to
be presented by any one, before commencing the reading and dis-
cussion of papers.

He then briefly reminded the members of the new rules adopted
last year, and which were put into effect in Chicago, and which
proved satisfactory to all the members. The underlying motive
of those rules is siraply fair play—that each paper shall have its
proportion of time, and that each member discussing a paper shall
have his fair proportion of time. Five minutes are allowed for
presenting a paper by abstract and five minutes to each member
who speaks on a paper ; ten minutes being allowed to those who
present written discussion. Acting upon the evident sentiment
of the Society, as expressed at the last meeting in Chicago, the
chair will have to call the time when it has elapsed.

The first professional paper was by Prof. Francis Reuleaux, of
Berlin, Germany, honorary member of the Society, entitled “ Fric-
tion of Toothed Gearing.” Messrs. Lewis, Bilgram and C. A.
Smith presented written discussions, and Messrs. Stirling and
Raynal also spoke. Prof. Thurston’s paper on the “ Friction of the
Non-Condensing Steam Engine,” was discussed by Messrs. Barrus,
Lanza, Kent, Alden, Wolff, and Raynal. The paper by Mr. A.
Wells Robinson, of Philadelphia, entitled “ Recent Improvements
in Dredging Machinery,” was discussed by Messrs. Hill and
Towne. At the close of these papers, a lunch was served in the
session rooms, tendered by the local committee, and an opportunity
was given for social intercourse.
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AFIERNOON SESSION.

The afternoon session was called to order at half-past two.
Three of the topical queries were taken up first. Messrs. Lanza,
Alden, and. Towne spoke on the question, “ How should a labora-
tory of mechanical engineering be equipped ?” Messrs. Crane,
Kent, Lanza, Partridge, Henuving, Sanguinetti, Gobeille, and °
Alden spoke on the query, “ What are the best problems for
students in mechanical engineering in the last year of their rega-
lar course?” The third question, “ Can you give any data from
your own experience as to the power required to drive modern
American machine tools?” elicited discussion from Messrs. Lewis,
Hobbs, Lanza, Crane, Babcock, Doane, Couch, Kent, Raynal,
Ashworth, Fowler, Falkenau, Weightman, and Towne.

At the close of these discussions, and before resuming the con-
sideration of the papers of the meeting, the Chairman announced
that the scientific apparatus of Mr. John C. Hoadley, the well-
known engineer and expert, had been purchased by Mr. Stephen
W. Baldwin, of New York, ds a gift to the American Society of
Mechanical Engineers. Mr. Hoadley had been an honored mem-
ber of the Society, and, upon his death in October, his estate had
desired to dispose of his apparatus by sale. The announcement
by the chair of this very graceful act of Mr. Baldwin was received
with applause, and, on motion, a committee was appointed, con-
sisting of Messrs. Babcock and-Partridge, to draft suitable resolu-
tions of thauks to the donor.

The next paper was by Professor Gaetano Lanza, of Boston,
upon “ The "Strength of Shafting exposed to both Twisting and
Bending : ” Messrs. Kent, Henning, Hawkins, Crane, Hill, and
Towne discussed it. The paper by Prof. G. I. Alden, entitled
“ Formule and Tables for Calculating the Effect of the Reciprocat-
ing Parts of High-Speed Engines,” was discussed by Messrs.
Lanza and Lewis.

The paper by Mr. Geo. H. Barrus, of Boston, giving results of
investigations with his new calorimeter, was the last paper of the
session. The rest of the time up to adjournment was taken
up with the topical query: “ What are the best conditions for
flying rope for transmission of power? Are there limitations to its
use?” Messrs. Crane, Hill, Sterling, Hawkins, Giddings, Raynal,
Hobbs, Towne, Partridge, Sanguinetti, Durfee, and Hutton spoke
in discussion.
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At the close of this topic, a letter was read inviting the Society
to visit the works of the National Car Spring Co.,at Newark. The
Secretary was requested to return the thanks of the Society for
the courtesy. A telegram to the Secretary was also read, announc-
ing the death, at his residence in Youngstown, Ohio, of Mr. Homer
Hamilton, one of the interested members of the Society. At the
next session it was moved that the Secretary be requested to send
a message of sympathy from the convention to the family of Mr.
Hamilton. The session then adjourned.

In the evening, by the courtesy of the Board of Managers of the
American Institute, the Society attended the fair of the Institute.
Complimentary tickets had been furnished, and were very gener-
ally used by the visiting members.

TaIRD DAY, WEDNESDAY, DECEMBER 18T.

The steamer Pleasant Valley had been chartered for this day to
take the members and their friends to visit places of interest in
Newark. On the way down the bay, a stop was made at Bedloe'’s
Island, and by the courtesy of Captain Brewerton, U. S. A., the
party were allowed to ascend the Bartholdi Statue of Liberty and
get the view from it.  Arriving at Newark, the party visited the
Hewes and Phillips Iron Works, and were from thence escorted
to lunch, tendered in one of the city armories. After lunch, car-
riages took the party to the works of the U. S. Illuminating Co.,
Watts Campbell and Co., Clark Thread Works, and to the private
laboratory of Mr. Edward Weston. The lateness of the hour
prevented a projected visit to the Howell Moroecco Works. Par-
ties went also to the Benjamin Atha Steel Works.

A professional session was held in the evening in the hall of
the Academy of Medicine. This session was devoted to the two
papers belonging to the Economic Section of the Transactions.
These papers were by Mr. Oberlin Smith, of Bridgeton, N. J.,
entitled “ Intrinsic Value of Special Tools,” and by Mr. W. E.
Partridge, of New York, entitled “ Capital’s Need of High-priced
Labor.” Messrs. Grant, Borden, Almond, Cole, Walworth, and
Towne spoke on the first paper; and Messrs. \Hawkins, Kent,
Fowler, Almond, Wells, Oberlin Smith, Walworth, Grant, Bor-
den, and Towne discussed the second.
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FourtH DAY, THURSDAY, DECEMBER 2D.

The fifth session was called to order in the lecture-room of Pro-
fessor Wood, in Stevens Institute of Technology, in Hoboken.
The Society had been invited by the President and Faculty of
the Institute, and met, pursuant to call, at ten o’clock. The first
paper was by Mr. Benjamin Baker, Engineer of the Forth Bridge
Railway of England, and honorary member of the Society. It
was entitled ‘ The Working Stress of Iron and Steel,” and
Messrs. Kent, Bond, Hennjng, and Towne took part in the dis-
cussion, together with Prof. De Volson Wood, of the Institute, pres-
ent by invitation. .

The paper by Mr. Wm. Cowles, of New York, on Fire-Boats,
was discussed only by Messrs. Le Van, and Cole.

The paper by Mr. Wm. Kent, of New York, “ Is Water Gas an
Economical Fuel,” was discussed by Messrs. F. W. Taylor, Traut-
wein, Schuhmann and Towne.

The paper by Mr. Andrew C. Campbell, of Bridgeport, Conn.,
was entitled, “ A New Conicograph,” and he exhibited one of the
instruments and its work and method of operation. Messrs.
Couch, Kent, Sanguivetti, Henning, Webb, and Le Van spoke
in the discussion, and also by invitation Professors MacCord
and Wood of the Institute.

The topical query as to the practical value of the sand-blast
process for sharpening files was then taken up and discussed by
Messrs. S. T. Williams (who exhibited a file of which part had
been treated and part had not), Towne, F. W. Taylor, Webb,
Oberlin Smith, Doane, and Babcock, and Mr. Chas. N. Trump

spoke by invitation.
" An invitation to the Society to visit the warerooms of the Edi-
ison Electric Lighting Co. was received and responded to by tele-
gram with thanks.

President Morton, of the Stevens Institute, had invited the mem-
bers to a reception and lunch, which were much enjoyed by all
present. An opportunity was given after lunch to visit the
mechanical laboratories and shops of the Institute while the
classes werc at work there. Much of interest was going on,
and the afternoon session did not come to order till three
o’clock.

The paper of Mr. Thomas D. West, of Cleveland, entitled
“ Casting Aluminium Bronze and Other Strong Metals,” was pre-
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sented, and was discussed by Messrs. Le Van, T. R. Morgan,
Oberlin Smith, Dodge, and Hill.

Thereupon the remaining topical queries were taken up, and
filled the time up to the hour of adjournment. Messrs. West and
Sanguinetti spoke on the query as to corrosion of aluminium
bronze ; Messrs. Wolff, Towne, Kerr, Giddings, Cole, and Le Van
spoke of the reasons for preferring injectors or pumps for feeding
boilers ; Messrs. Dodge, A. H. Emery, Henning, and Towne dis-
cussed the best way to build annealing furnaces for small gray
iron castings ; on the matter of the best way to separate grit from
grinding rooms and prevent its'dissemination in yards and shops,
Mesars. Dodge, Giddings, Partridge, and Towne spoke.

Messrs. Oberlin Smith, Webb, Partridge, Weightman, Babeock,
Herman, Le Van, A. H. Emery, Webber, C. T. Porter, and Camp-
bell gave their experience as to the expanding and contracting
of drawing boards and paper, and the prevention of annoyance
from it.

Messrs. Herman, Oberlin Smith, and Sanguinetti spoke of
methods of cutting templets from very thin metal, and Mr. W. R.
Jenkins had sent in a written reply to the question why an oil-
well pump sucker-rod is prevented from unscrewing at the sockets
by giving a twist to the rods. This was the last of the topical
discussions.

The Chairman then called for the report of the committees on
resolutions. Their reports were presented as follows :

Resolved, That the cordial thanks of this Society are tendered to the Pennsyl-
vania Railroad for courtesies extended during the present session of this Society.

Resoleed, That we tender our thanks to Messrs, Cooper, Hewitt & Co., for the
invitation to visit their works at Trenton, and for entertainment and courtesies
received on that occasion, :

Resolred, That the thanks of this Society are due to Edward Weston, Watts,
Campbell & Co., Hewes & Phillips, U. S. Elec. Illum. Co., Clark Thread Co.,
Benj. Atha Steel Works, Howell Morocco Works, and others, of the city of
Newark, for the opportunity of visiting the several important and intercsting
establishments owned or controlled by them, and for the exceedingly hospitable
entertainment provided on the recent visit of this Society to that enterprising city.

Resolved, That the thaoks of the Society be cordially extended to Capt. Henry
Brewerton, United States Army, in command at Bedlow's Island, for facilities
afforded on the occasion of our visit to the island, and for the opportunity of
inspecting the Statue’of Liberty.

Resolved, That the Society extends its thanks to the Board of Managers of the
American Institute Fair, for their kind and highly appreciated invitation to visit
that very interesting and instructive cxhibition of arts, manufactures, and
mechanism, and for courtesies on that occasion.



26 PROCEEDINGS OF THE

Resolved, That this SBociety tender its hearty thanks to President Morton, the
faculty and trustees of Stevens Institute of Technology, for the Lighly appre-.
ciated attention in inviting this Society to hold two of its sessions at Stevens Insti-
tute, and for their courtesy in exhibiting and explaining the abundant resources
of the institution under their charge.

Resolved, That the cordial and hearty thanks of this Society are hereby ex-
tended to Dr. Heory Morton, President of the Stevens Institute of Teclinology,
for his generous hospitality during the recent visit of the Society to the institu-
tion over which he presides.

Resolved, That we collectively and individually extend our thanks to our local
committee, and especially to Messrs. Wiley & Crouthers and Hutton, for their
admirable arrangements for the entertainment of the Society, and that we Leartily
appreciate the exceptionally successful manner in which these arrangemerts
have been carried out.

Resolved, That the Secretary be instructed to send copies of these resolutions
to the persons mentioned.

Messrs. Babcock and Partridge, the special committee to pre-
pare resolutions of thanks to Mr. 8. W. Baldwin for his gift to the
Society of the scientific apparatus formerly belonging to the late
John C. Hoadley, reported as follows:

Whereas, Mr. 8. W, Baldwin has presented to the Society the technical ap-
paratus formerly belonging to, and much of which was original with our late
lamented member, Mr. J. C. Hoadley ; therefore,

Resolved, That the thanks of this Society be tendered to Mr. Baldwin for his
generous and thoughtful gift, through which this Society comes in possession
of so valuable a collection.

Resolved, That the Secretary be instructed to have these resolutions engrossed
and presented to Mr., Baldwin as a token of our appreciation of his act.

The Committee also presented the following resolution, just as
the hour for adjournment had arrived :

Resolved, That the thanks of the Society be tendered to Mr. Henry R. Towne
for the able and faithful manner in which he has performed the duties of acting

president during the sesxions of the present meeting and throughout the illness
of President Coleman Sellers.

The question on this motion was put President-elect Babcock,
and Mr. Towne replied as follows from the chair:

The Chairman.—I appreciate very warmly indeed the compli-
ment you have paid me, and am glad if anything 1 have done
during the year has been of service to the interests of the Society.

During the two years that I have been in the Council, as one of
the vice-presidents, it has been a pleasant thing to see that the
Society has advanced and grown in many ways, and is now in
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very much better condition than it was two years ago, particu-
larly in the quality of its work. I think that the last volume the
Society issued is the best volume of its kind, and contains more
material of value to the engineer than any other that I know of
as embodying the trausactions of a Society of this kind.

Two matters in particular have interested me during the year,
and it is a pleasure to me that in each of them I have been able
in a small way to contribute to the good work of the Society.
One of them came up a year ago, at our meeting in Boston, where
it seemed to me that a great deal of the time of the Society was
taken up in listening to the reading of papers (which might have
been prepared in advance), thereby limiting the discussion on
them, which was often interesting and valuable, and whicl in that
case was very much curtailed. Conferring with Prof. Hutton,
our Secretary, about it, I found that our views coincided. The
matter was brought to the notice of the Council, and a committee
was appointed, consisting of Prof. Hutton and myself, the result
of whose work was the drafting of the new rules, which were first
put into effect at Chicago, and which have been continued here.
The members of the Society at the Chicago meeting expressed by
s vote their approval of these rules, and requested that in the
fature the presiding officers of the meetings should enforce the
rules strictly. The fundamental idea of thus limiting the time
allowed to each paper and to each speaker is fair play ; that the
first paper on the list shall have no greater privileges than the last.

The other matter to which I refer was introduced by the paper
Iread at Chicago, in which I modestly ventured to suggest that
the Society might annex another subject to its discussions, bring-
ing in industrial or economic questions. I had no thought then
that such a proposition would be entertained except as a side
issue, a matter which those of the members who took interest in
such things could promote by attending a supplemental session.
The proposition was received favorably in one sense and unfavor-
ably in the other. The idea of introducing such matters in our
discussions was accepted. The idea of relegating them to an
annex or sub-section was negatived emphatically, and it was voted
that such subjects should be introduced and made part of our
regular transactions.

We have had some test of this policy in our present meeting,
and it seems to be the sentiment of the members generally that
the Society is fully justified in taking up the discussion of such
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subjects. I may add that it is more appropriate for this Society
to consider such matters than any other of the engineering socie-
ties. We have in our membership, much more than have the
Civil Engineers or the Mining Engineers, men who are managers
of labor, who are either owners or representatives of owners, and
who therefore control capital. There are fewer purely professional
men, and men having no direct responsibility for the management
of others, in this Society than in either of the other engineering
societies. These economic questions come nearer to us, therefore,
and to a larger number of our members, and ip my judgment they
can most properly be considered, to a reasonable extent, germane
to the interests and duties of a large proportion of our membership.

Again thanking you for the compliment you have just tendered
me, I repeat my appreciation of it. I hope that the Society’s
work will continue to grow in the future as well as it has during
the past year.

The meeting then adjourned.

FirrH DAY, FRiDAY, DECEMBER 3D.

A special train on the Pennsylvania Railroad conveyed the
members on an excursion to Trenton, N. J., where tlrey were the
guests of Messrs. Cooper, Hewitt & Co. The cars were run on a
siding to the lower mill, where large beams are rolled, and a visit
was paid to the bridge-shop. Returning to the wire-mill, a lunch
was spread by the hosts in one of the buildings, and after it the
wire-mill with its belted Corliss engine running trains on contin-
uous wire rods, and the other features of the manufacture were
examined. A visit to one of the potteries was also made in the
afternoon, and by some to the Phosnix works upon the river. The
train brought a large number back to New York, while numbers
went directly West from Trenton.
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CCXXVI.

REPORT OF THE COMMITTEE ON STANDARD PIPE
AND PIPE THREADS,

OF THE AMERICAN SOCIETY OF MECHANICAL EXGINEERS,

Submitted at the Seventh Annual Meeting, held in New York Ciiy, November
29 to December 3, 1886.

[NoTE.—This report is the one referred to on page 19 of the Proceedings.
The importance of the matter of which it treats has induced thke Publication
Committee to order it issued as a separate paper contribated to the Society.

The report was as follows :]

GENTLEMEN : Your committee to whom was referred the con-
sideration of a standard for pipe and pipe threads, have the
honor to present the following report :

At a meeting of your committee held in Hartford, February
23, 1886, the request embodied in the following citcular letter to
the manufacturers of wrought-iron pipe in the United States was
decided upoun, and the letter was issued April 21, 1886, addressed
to each of the companies composing the above association:

“At the Sixth Annual Meeting of the American Society of
Mechanical Engineers, held in Boston, in November, 1885, a
committee was appointed by the president, to confer with manu-
facturers of pipe, pipe dies, and pipe fittings, with a view of.
bringing about a uniformity in the sizes cf pipe and pipe threads,
and of maintaining it by the use of gauges which shall definitely
represent standard sizes.

“ A meeting of this committee was held in Hartford, February
23, 1886.

“The opinion of this committee is that the Briggs standard,
which nearly all, if not all, of the pipe manufacturers once adopted,
is the proper standard to be adhered to, and that it only requires
definite co-operation on the part of pipe manufacturers with the
committee, in order to bring their product strictly to that stand-

ard, and to adopt means of strictly adhering to it within practi- -
cal limits.
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“A copy of the minutes of the Boston meeting referred to is
herewith mailed you, in which will be found the report of the
discussion and subsequent recorded appointment of the com-
mittee. There is also sent you a copy of the paper upon this
subject, which was read at that time before the Society, together
with the report of the discussion which followed its reading.

“The committee request that the pipe manufacturers give this
matter consideration, and would suggest that they appoint a
committee to confer with them, with a view of bringing about
the desired result, and to notify the secretary as to the date
when this meeting may be held.

“Will you please give your individual aid in having such a
committee appointed ?

“An early answer will oblige,

“ Yours very truly,
(Signed) “Geo. M. Bonp, Secretary.

Frederick Grinnell, Clhairman.

George Schuhmann.

‘Wm. J. Baldwin.

B. H. Warren.

Geo. M. Bond, Secretary.
HARTFORD, CONN., April 21, 1886.”

There was also issued a circular letter to each of the members
of the Associated Manufacturers of Cast and Malleabie Iron and
Brass Fittings in the United States. This letter was dated April
28, 1886, and is as follows :

“The enclosed communication, which has been sent to each of
the pipe manufacturers, will explain itself. :

“A copy of extract from minutes of the proceedings is also
enclosed.

“We will be pleased to have your views upon the subject for
our guidance in conferring with the proposed committee of pipe
manufacturers.

“Yours very truly,
(Signed) “ Geo. M. Bonp, Secretury.”

As stated in the preliminary report of your committee, sub-
nmitted at the meeting of this Society, held in Chicago, May,
1886,* a committee was appointed by the Manufacturers of

* Vol. VII. Transactions A. 8. M. E,, p. 414.
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Wrought Iron Pipe and Boiler Tubes in the United States, at
their meeting held in Philadelphia, May 12, 1886, the members
of which committee, as at that time given, being :

Mr. L. W. Shallcross, Chairman, representing Messrs. Morris,
Tasker & Co., Limited, of Philadelphia.

Mr. J. H. Flager, representing The National Tube Works Co.,
of McKeesport, Pa.

Mr. L. J. Piers, representing The Allison Manufacturing Co.,
Philadelphia, and

Mr. Jas. H. Murdock, of Pittsburgh, Secretary to the com-
mittee.

The action taken by the Cast Iron Fittings Association is also
here given :

“ At a meeting of the Cast Iron Fittings Association, held in
New York, May 19, 1886, the following resolutlon was unani-
mously adopted :

¢¢ Resolved, That a committee of five (5) be appointed to take into considera-
tion the matter of a standard gauge of thread.’

“ The following gentlemen were named as such committee :

“Mr. R. T. Crane, President Crane Bros. Manufacturing Co.,
Chicago, Il

“Mr. C. C. Walworth, Presudent Walworth Manufacturing Co.,
Boston, Mass.

“Mr. E. G. Burnham, Vice-President The Eaton, Cole & Burn-
bham Co., Bridgeport, Conn.

“ Mr. Cha.rles Jarecki, President Jareckl Manufacturing Co.,
Erie, Pa. -

“ Mr. Carleton W. Nason, President Nason Manufacturing Co.,
New York City.”

The action taken by the Manufacturers of Brass and Iron,
Steam, Gas and Water Work of the United States, at a meeting of
their Association, held in Pittsburgh, May 11, 12 and 13, 1886,
was that the following resolution was unanimously carried :

*“ Resolved, That this association favors the establishment of a universal
wronght-iron pipe gauge, to be used as a standard throughout the United States,

and that any action taken by the mauufacturers of wrought-iron pipe to ac-
complish this object shall have our hearty co-operation.”

Soon after this preliminary report was submitted at the meet-
ing of the Society in Chicago in May, a joint conference of the
committee appointed by the manufacturers of wrought-iron pipe,
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and your committee, was held at the Fifth Avenue Hotel, New
York, June 17, 1886. The result of this conference is clearly
stated in the official notification issued by Mr. L. W. Shallcross,
chairman of the conference, and which is here given :

“ NEW YORK, June 17, 1886.

“ At a meeting of the Standard Pipe and Pipe-Thread Com-
mittee of the Manufacturers of Wrought Iron and Boiler Tubes in
the United States, held at the Fifth Avenue Hotel, this day,
Thursday, June 17, 1886, at 11 o’clock A.M.

L. W. Shalleross in the chair.
Jas. H. Murdock, Secretary.

Present :—
Morris, Tasker & Co., Limited. ... .... L. W. Shalleross.
National Tube Works Co ............ J. H. Flagler.
The Allison Manufacturing Co. ... .... L. J. Piers.

“ Also, present in conference, members of the Standard Pipe-
Thread Committee of the American Society of Mechanical En-
gineers, as follows :

“ Frederick Grinnell, Chairman of Committee, President Provi-
dence Steam and Gas Pipe Co., Providence, R. T.

“Geo. M. Bond, Secretary of Committee, of The Pratt & Whit-
ney Co., Hartford, Conn.

“ Geo. Schuhmann, of the Reading Iron Works, Reading, Pa.

“Wm. J. Baldwin, 96 Fulton Street, New York, Steam Heating
Engineer. ’

“On motion of Mr. Flagler, seconded by Mr. Piers, that each
manufacturer send to The Pratt & Whitney Co., Hartford, Conn.,
sample pieces of their pipe from (6) six inches diameter down,
threaded on one end, to be tested by The Pratt & Whitney Co.,
with the Briggs standard, and a report to be made by them to
each manufacturer of the state of his gauges only, as compared
with the Briggs standard.

“ And the Secretary be hereby instructed to notify the manufac-
turers, and request them to comply with this resolution without
delay, so that action can be taken at the meeting of July 20th,
proximo.

“ Unanimously carried.

“ On motion, adjourned to meet at the call of the Chairman.

“ Attest—Jas. H. MURDOCK, L. W. SHALLCROSS,
Secretary to Committee. Chatrman of Committee.”
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In accordance with the foregoing request, there were received
by The Pratt & Whitney Co., for the required test, samples of
pipe with threads cut on one end, which your committee has
every reason to believe represented the average sizes of pipe and
pipe threads, as ordinarily manufactured.

Samples were received from the following manufacturers of
wrought-iron pipe, members of the association.

Messrs The National Tube Works Co., McKeesport.

Reading Iron Works, Reading.

“ A, M. Byers & Co., Pittsburgh.
“  Spang, Chalfant & Co., Pittsburgh.
“  American Tube and Iron Company, Middletown, Pa.
“  Conshohocken Tube Co., Conshohocken.
“  Crane Bros. Manufacturing Co., Chicago.
“  Morris, Tasker & Co., Limited, Philadelphia.
“  Fieldhouse, Dutcher & Belden, Chicago. -
“  The Allison Manufacturing Co., Philadelphia.
«“  Jas. Hooven & Son, Norristown, Pa.
%  Delaware Iron Co., New Castle, Del.

The Pittsburgh Tube Company, their new works not being at
the time in operation, stated that their sizes would in general
conform to those sent by the American Tube and Iron Co.

The examination and test of these sample pieces of threaded
pipe, was not made until August 23 and 24, 1886, owing to the
late arrival of several sets necessary to complete the list. After
having had the set of Briggs standard reference gauges critically
verified by The Pratt & Whitney Co., the test was conducted
under the conditions of confidence which was accepted by your
committee, the secretary only to have personal knowledge of
each manufacturer’s variation. The results were collected, and
were arranged in tabulated form, each column being headed with
a special number, which referred to the manufacturer there repre-
sented.

This tabulated report, with general deductions appended, was
submitted to the Pipe Manufacturers’ Association at their regular
Convention held at the Continental Hotel, Philadelphia, August
25, 1886, and soon after, reports to manufacturers individually
were sent by the secretary of your committee, as requested in the
resolution adopted at the conference. .

The variation from the Briggs standard, as found to exist un-
der this test, did not seem to warrant a departure from the orig-

3
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inal standard represented by the Briggs gauges, and confirmed
the opinion of your committee that the Briggs standard could be
adhered to.

With the exception of the three-quarters and one inch sizes, but
comparatively, little change would be required in the dies used by
the pipe manufacturers in cutting pipe made by them for the
market.

Recognizing the interests of the manufacturers of brass and
cast-iron fittings, a joint conference, appointed by these associ-
ations and your committee, was called, in order to harmonize all
interests involved, and to adopt a resolution expressing the sense
of such a meeting for the consideration of the Pipe Ma.nufacturers
Association.

This conference was arranged for Monday, October 25, 1886,
and was held at the Fifth Avenue Hotel, New York, at 11 o’clock
A.M. of that date.

There were present at this conference : of the commlttee repre-
senting the Wrought-Iron Pipe Manufacturers’ Association, Mr.
J. H. Flagler, of the National Tube Works Co.; Mr. L. W. Shall-
cross, chairman of the conference : of the committee appointed by
the Cast-Iron Fittings Association, Mr. Carleton W. Nason, Presi-
dent of Nason Manufacturing Co., New York, representing also Mr.
Jarecki, President of The Jarecki Manufacturing Co., Erie, Pa.
There was also present, representing this Association, Mr. W. H.
Douglas, Corresponding Secretary. Also there were present, rep-
resenting the Manufacturers’ Association of Brass and Iron, Steam,
Gas and Water Work of the United States, Mr. S. L. Morison,
Secretary of the Association. Of your committee there were pres-
ent, Mr. William J. Baldwin, and George M. Bond, secretary of
the conference. Letters were read by Mr. Carleton W. Nason
from Mr. R. T. Crane, Chicago, and Mr. C. C. Walworth, of Boston,
members of their committee, who were unable to attend, stating
their position in the matter. After considerable discussion the
following resolution was unanimously carried :

‘“ That it is the sense of this meeting thas a common standard be adopted, and
that action should proceed first from the Pipe Manufacturers, and for that reascn
we recommend that it should be particularly brought to their attention at the
meeting to be held in Pittsburgh this week.”

The meeting of the Pipe Manufacturers’ Association just re-

ferred to was held at the Monongahela House, Pittsburgh, Octo-
ber 27, 1886.

-
L
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The official notificatior received by your committee of the

action taken by the pipe manufacturers at this meeting, is here
given:

“Georce M. Boxp, Esq.,
“Sec’y Committee Standard Pipe and Pipe Threads,
“ American Sociely Mechanical Engineers,
“ Hartford, Conn.

“DEAR SIR:—At u meeting of the Manufacturers of Wrought-
Iron Pipe and Boiler Tubes in the United States, held at the Mo-
nongahela House, Pittsburgh, October 27, 1886, it was resolved that
the Wrought-Iron Pipe Manufacturers of the United States hereby
adopt the Briggs standard of gauges, and that where any manu-
facturer has from any cause got away from that standard, they be
requested to get such corrections made as soon as possible, so as
to conform to the Briggs standard.

“Yours truly,
(Siguned) “James II. Murpock, Sec’y
“ Manufacturers Wrought-Iron Pipe and Boiler
“ Tubes in the United States. *
“ PrrrsBURGH, November 4, 1866.”

Your committee has notified officially of the above action of the
Pipe Manufacturers’ Association, Mr. W. H. Douglas, Correspond-
ing Secretary Cast-Iron Fittings Association, New York ; Mr. S. L.
Morison, Secretary Drass Fittings Association, New York, and
Mr. John Maneely, Corresponding Secretary Malleable Iron As-
sociation, Philadelphia, in the following letter, which was mailed
to each from Pittsburgh, November 4 :

“It is gratifying to me to advise you that at a meeting of the
Manufacturers of Wrought-Iron Pipe and Boiler Tubes in the
United States, held at the Monongahela House, Pittsburgh, Octo-
ber 27, 1886, it was resolved ‘that the Wrought-Iron Pipe Manu-
facturers of the United States hereby adopt the Briggs standard
of gauges, and that where any manufacturer has, from any cause,
got away from that standard, they be requested to get such cor-
rections as soon as possible, so as to conform to the Briggs

standard.’
“Yours truly,
(Signed) “ GEeo. M. Boxp, Sec'y
“Committee Standard Pipe and Pipe Threads,
“ American Sociely Mech. Engineers.”
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~ In concluding this report, your committee wish to express their
‘appreciation of the assistance kindly rendered by Mr. J. H. Mur-
dock, Secretary Manufacturers Wrought-Iron Pipe and Boiler
Tubes in the United States; Mr. S. L. Morison, Secretary of the
Association of Brass and Iron Fittings Manufacturers of the
United States, and Mr. W. H. Douglas, Corresponding Secretary
of the Cast-Iron Fittings Association, in furnishing lists of the
different manufacturers of wrought-iron pipe, cast-iron, and brass
fittings, and who in many ways greatly facilitated the work of your
committee. Respectfully submitted, '
FREDERICK GRINNELL, Chairman.
GEo. M. Bonp, Secretary.
GEORGE SCHUHMANN.
B. H. WaRgeN.
Wx. J. Barpwin.
NEW YORK, November 80, 1886.

ADDENDA.

The following communication, received subsequently to the
presentation of the foregoing report, transmitting to your commit-
tee officially the resolution adopted by the Manufacturers’ Associa-
tion of Brass and Iron, Steam, Gas and Water Work, sustaining
the action of the Manufacturers of Wrought-Iron Pipe, is here-
with presented :

“MANUFACTURERS’ ASSOCIATION
oF
' BRASS AND IRON, STEAM, GAS AND WATER WORK.
“79 FurtoN St., New YOoRK, December 15, 1886,
" “ GEORGE M. BoNnp, Secretary Committee
“ Standard Pipe and Pipe Threads,
« American Society Mechanical Engineers,
“ Care of Pratt & Whitney Co.,
“ Hartford, Conn.

“DEear Sie :—At a meeting of the Manufacturers’ Associatior
of Brass and Iron, Steam, Gas and Water Work, held at the Fiftl
Avenue Hotel, New York, on December 8th, 1886, the following
resolutions were unanimously adopted :

“*That the action of the Wrought-Iron Pipe Asrociation, in adopting the Brigg:
S3tandard as the Standard Iron Pipe Gauge of the United States, be indorsed, anc
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that as Manufacturers of Brass and Iron, Steam, Gas and Water Work we will
act in conformity with the resolution adopted by them; and that as a measure of
safety to ourselves, in order to avoid any difficulty with our customers at any
time, that the Secretary of this Association be authorized to correspond with the
Secretaries of the Wrought-Iron Pipe, Cast-Iron Fittings and Malleable Fittings
Associations, and, if acceptable to them, that an order be given by these Asso-
ciations to The Pratt & Whitney Co., Hartford, Conn., for one set of Standard
Gauges, and that such set of Gauges be presented to the American Society of
Mechanical Engineers as a matter of reference for all our united members, to be
held by them in case of any dispate arising as to whether the members of these
Associations are manufacturing to the standard or not.

‘¢ ¢ Resolved, That the thanks of this Association are due to Mr. Bond for hisen-
lightened, gentlemanly and courteous manner in presenting this matter for our
attention.’ )

“Yours truly,
(Signed) “S. L. MorisoN, Secretary.”

For comprehensive information regarding the subject of stand-
ard pipe and pipe threads, as applied in American practice, your
Committee would refer all who may be interested, to the Excerpt
Minutes of Proceedings of the Institution of Civil Engineers of
Great Britain, vol. Ixxi., Session 1882-83, Part I. containing the
paper of the late Robert Briggs, C. E., presented and read after
his death, on “ American Practice in Warming Buildings by
Steam,” which also includes the discussion which followed.

Referring specially to the subject your committee has had in
hand, the following, from the text and tables of the paper of Mr,
Briggs is here presented, giving completely the data upon which
the Briggs standard pipe thread sizes are based.

“The taper employed for the conical tube-ends is uniform
with all makers of tubes or fittings, namely an inclination of 1 in
32 to the axis. Custom has established also a particular length
of screwed end for each different diameter of tube. Tubes of the
several diameters are kept in stock by manufacturers and mer-
chants, and form the basis of a regular trade in the apparatus for
warming by steam. A knowledge of all these particulars is there-
fore essential for designing apparatus for the purpose. The ruling
dimension in wrought-iron tube work is the external diameter of
certain nominal sizes, which are designated roughly according to
their internal diameter. These nominal sizes were mainly estab-
lished in the English tube {rade between 1820 and 1840, and cer-
tain pitches of screw-thread were then adopted for them, the
coarseness of the pitch varying roughly with the diameter, but in
an arbitrary way utterly devoid of regularity. The length of the
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screwed portion on the tube end varies with the external diameter
of the tube according to an arbitrary rule-of-thumb; whence re-
sults, for each size of tube, a certain minimum thickness of metal
at the outer extremity of the tapering screwed tube-end. It is
the determination of this minimum thickness of metal, for the
tapering screwed end of a wrought-iron tube, which constitutes the
question of mechanical interest. -

“ A longitudinal section of the tapering tube-.end. with the
screw-thread as actually formed, is shown full size in Fig. 105
for a nominal 25 inch tube, that is, a tube of about 2} inches in-
ternal diameter, and 2} inches actual external diameter.

“The thread employed has an angle of 60°; it is slightly
rounded off both at the top and at the bottom, so that the height
or depth of the thread, instead of being exactly equal to the pitch,

is only four-fifths of the pitch, or equal to 0.8 rlc’ if n be the num-

Fig. 105.
(Thread of 2} inch tube. Full size.)

1
4 threads —y.8 thrd—  Complete thread,

fmperfect, qfnll at 1
I Ppe! . : Te=(48+40.3 D)P

I(-—o.m b O m——;{

ber of threads per inch. For the length of tube-end throughout
which the screw-thread continues perfect, the empirical formula

used is (0.8 D + 4.8) x }‘, where D is the actual external diameter

of the tube throughout its parallel length, and is expressed in
inches. Further back, beyond the perfect threads, come two
having the same taper at the bottom, but imperfect at the top.
The remaining imperfect portion of the screw-thread, furthest
back from the extremity of the tube, is not essential in any way
to this system of joint; and its lmperfectlon is simply incidental
to the process of cutting the thread at a single operation. From
the foregoing it follows that, at the very extremity of the tube, the
diameter at the bottom of the thread,

p_[2x(08D +48) 2*:-8]=p—(0.051)+1.9) x}{

2n
The thickness of iron below the bottom of the thread, at the tube
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extremity, is empirically taken to be = 0.0175 D + 0.025. Hence
the actual internal diameter d of any tube is found to be, in inches,

d=D— (005D +19) x 3 ~2 x (00175 D +0.25),
or
D_19_ g0

d = 0.965 D — 0.05— —
n o a
For the various sizes of tubes, ranging from § inch to 10 inches
nominal internal diameter, with their corresponding numbers of
screw-threads per inch, the actual internal diameter d is expressed
by the following Table I. in terms of the actual external diameter
D. .

TABLE 1.
DIAMETERS OF WBOUGHT-I.RON WELDED TUBES.
Nominal Internal | Number of Screw- | Actual Internal Diameter d in Terms of Actual External
Diameter of Tube. | threads per inch. Diameter D.
Inches. . No. Inches.
¥ 27 d =0.9681 D — 0.1204
jand § 18 d =0.9622 D — 0.1556
$and ] 14 d =0.9614 D — 0.1857
1,1},1} and 2 11} d = 0.9607 D — 0.2152
2% to 10 8 d = 0.9587 D — 0.2875

“The figures derived from this statement, which are of impor-
tance for practical use, are presented in detail in the accompany-
ing Table II. in a convenient order for reference.

“ The number of screw-threads per inch for the several sizes of
tubes is here accepted from customary usage. It is the work-
man’s approximation to the pitch practically desirable, and much
reluctance must consequently be felt in calling it in question.
Still it would have been better to investigate the general case
upon the basis of a pitch ranging in closer accordance with the
range of tube diameter. Thus the nomindl }-inch tubes might
have had 16 threads per inch ; § inch, 14 threads; 1 and 1} inch,
12 threads; 1} and 2 inches, 11 threads; 2} to 3} inches, 10
threads ; 4 to 6 inches, 8 threads; 7 to 9 inches, 7 threads ; and 10
inches, not more than 6 threads per inch. The existing numbers
of threads however, as given in Tables I. and II., are now too well
established to be disturbed ; at all events they must be taken in
any statement of present practice.
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TABLE II

STANDARD DIMENSIONS OF WROUGHT-IRON WELDED TUBES.

DIAMETER OF TUBE. . SCREWED ENDS.
THICKNESS OF |7 ~——
METAL. Number of| Length of
Nominal X . Threads per t
Inside, Actual Inside Actual Outside Inch.pe lg:ggwc.
Inches. Inches. Inches. Inch. No. Inch.
¥ 0.270 0.405 0.068 27 0.19
1 0.864 0.540 0.088 18 0.29
[ 0.494 0.676 0.091 18 0.80
$ 0.623 0.840 0.109 14 .0.39
H 0.824 1.050 0.118 14 0.40
1 1.048 1.815 0.184 11} 0.51
1% 1.880 1.660 0.140 . 113 0.54
1} 1.610 1.900 0.145 114 0.55
2 2.067 2.875 0.154 114 0.68
2% 2.468 2.875 0.204 8 0.89
8 8.067 3.500 0.217 8 0.95
84 8.548 4.000 0.226 8 1.00
4 4.026 4.500 0.287 8 1.05
4} 4.508 5.000 0.246 8 1.10
5 65.045 5.563 0.259 8 1.16
6 6.065 6.625 0.280 8 1.26
7 7.028 7.625 0.301 8 1.86
8 8.082 8.625 0.322 8- 1.46
9 9.000 9.688 0.344 8 1.567
10 10.019 10.750 0.366 8 1.68

Taper of conical tube-ends, 1 in 82 to axis of tube.

DISCUSBION.

Mr. Oberlin Smith.—I want to ask Mr. Bond whether the com-
mittee have ascertained what the condition of pipe threads is in
England—whether there is any general standard in use there, and
how near the Briggs standard conforms to it. I also want to ask
whether the brass valve manufacturers in this country have been
generally approached on this subject. The report speaks of the
cast-iron fittings men and the pipe men. It does not mention
particularly the valve manufacturers.

Mr. Bond.—I can say, in answer to Mr. Smith, that the second
circular letter referred to in the report which was addressed to
the fittings manufacturers, included the names on the list received
from Mr. S. L. Morison, Secretary of the Fittings Manufacturers’
Association, and embraced nearly all the manufacturers of valves
and fittings. There were over seventy firms and corporations
represented, and quite a number of them were valve manufacturers,
both of brass and iron.
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In regard to the first question, Professor Hutton handed me a
letter last evening which is of interest to our society and our com-
mittee, which refers to this very subject, from Dr. Chaney, Super-
intendent of the Standards in the Bureau of Weights and Meas-
ures of Great Britain. The letter speaks of the very unsatisfac-
tory condition of the pipe-thread standards of that country, and
inquires in detail about what the Society is doing, in the hope
that they may be helped in a similar effort in England and its
colonies. So that it would seem there is a tendency to make an
effort to adopt some uniform standard which is probably not in
existence there at the present time. Our committee has not
undertaken to correspond with English manufacturers or to have
anything to do with the English standard, because their standard
is different from ours. The threads are cut straight and are dif-
ferent in pitch. All the work we had in hand was the pipe made
or used in the United States.

Mr. Wm. Kent.—1 think the committee deserve the thanks of the
Society for the admirable manner in which they have conducted
their duties, and for the presentation of their report, which will
no doubt fix the question of standard threads for some time.

Myr. Stirling.—It seems to me that this report, so far as it
goes, is very exhaustive, and leaves nothing to be desired as far as
it concerns this country. But I had occasion within a month to
send some machinery to a part of the British dominions, in Aus-
tralia, and we had to send a piece of pipe with our thread cut on
one end, leaving the other end to be cut to suit the fittings which
would be found there. It occurs to me that it would be well for
this Society to communicate with the sister societies in Great
Britain, and to see about arranging for a uniform standard for all
parts of the world. It seems to me that is a practicable thing
and very desirable.

Mr. Oberlin Smith—Mr. Stirling’s ideas coincide with mine
entirely. Are we so committed to this Briggs standard as to
have actually recommended it to the manufacturers ?

The Chairman—It is the other way; I think they have
adopted it.

M. Bond.—Your committee recommended the adoption of the
Briggs standard. There is no doubt at all about the advisability,
if it were possible to do so, of changing the pitches of the thread,
because the two-inch pipe is eleven and one-half threads to the
inch, while the next size larger is much coarser, being eight
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threads to the inch; so that with the thickness of pipe, as now
made, it has a tendency to weaken the joint at that point. There
is no doubt that at the time when the Briggs standard was
carried out by Mr. Briggs himself, the iron for pipe was made
of a heavier gauge; there was greater thickness of metal, and it
would stand a deeper thread. But the process of manufacture
now is 80 much improved that strong pipe is made without re-
quiring it to be so thick, and of course, if too thin, eight threads
to the inch cuts pretty deeply into the pipe. If your committee
had undertaken to make any change in the pitches of the thread
we would have met with an opposition that would have defeated
everything for which we were working. Your committee took
the ground that if the original Briggs standard thread could be
adopted in the original pitches, and have the sizes made uniformly
to gauges, so that they would be practically interchangeable, with
the allowance of a variation of one turn either way, which is
certainly close enough for interchangeability, the whole matter
would be practically remedied. In the test made, the larger
sizes and some of the smaller sizes exhibited a variation quite
“enough to throw out the Briggs standard ; but at the same time,
the average showed conclusively that it was to the interest of the
different manufactarers to work to some definite standard, and as
the Briggs standard covered the ground so completely your com-
mittee advocated its re-adoption. The only way to carry out this
system, of course, is to work to gauges which are truly represent-
ative of the Briggs standard thread.

Mr. Smith.—1It is very desirable that there should be a com-
mon standard all over the world. I do not know what is done
in France and Germany ; but even if we could coincide with Eng-
land, it would be a good thing. It may be they will adopt the
Briggs standard after we get it going ; perhaps it is the best thing
this Society can do to recommend this standard, although if it is
going to keep back an international standard, I would be sorry.

Mr.G. L. Fowler.—1 would like to ask if that standard includes
the tube-casing such as is used in salt wells and oil wells. We
have had a good deal of trouble in connection with that.

Mr. Bond.—I would say that our tests did not include casing
for either salt or oil wells. There was one sample received which
was intended to represent casing for oil wells. It had very much
finer thread. It was thrown out because it was not included
under the Briggs standard. I understand that in tube which is
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used for natural gas and petroleum pipe lines, where the pressure
is very great, a finer thread is used on the larger pipe, but it is
finer probably because the necessity for a tight joint is very
obvious, and the thread of eight to the inch on three or four-
inch pipe seems to require too much effort to make the joint
sufficiently tight. The Briggs standard covers the ground for all
threaded wronght-iron pipe for gas, steam and water work, unless
i is outside of ordinary practice.

Mr. A. R. Wolff.—I just wish to suggest that it might be well if
this Society would indorse the action of the committee on standard
pipe and pipe thread in advocating the Briggs standard as the
proper standard for this class of pipe that Mr. Bond has referred
to. I would make that resolution if it be in order.

Mr. Kent.—1 rise to protest against any such action. I think
we established the precedent at the Atlantic City meeting that
this Society would not indorse anything. As there is no other
motion before the house, I move that the report of the committee
be accepted with the thanks of the Society, and ordered printed
in the transactions.

The Chairman.—Before putting the question, I would say with
regard to Mr. Smith’s inquiry, that it is my understanding that
the matter of standard threads is much more chaotic in England
than it is here. We are much in advance of them in that re-
spect, and we have nothing to gain by following in their tracks.
I think that is partly true of the continent also. It is a great
pleasure to me personally, also, to see this recognition of the
work done by my late friend, Mr. Robert Briggs, than whom we
never had a more conscientious, faithful engineer in the pro-
fession in this country. _

Mr. Fowler.—Would it not be well if the work of the com-
mittee sheculd include that work of tubing? The engineers who
have charge of sinking salt wells have great difficulty in that
way. Manufacturers will send in 4}-inch casing cut with 10 and
12 threads. The pipe is expanded on one end with the thread
cut on the inside of the pipe ; the other end is cut with a thread
which has a taper so that the full thread is not cut at the pipe
end of the thread. I think it would be a great advantage if en-
gineers who have charge of that kind of-work could know that
the pipe they ordered would be cut with the right kind of thread
—the standard thread—and not be obliged to specify it in every
instance.
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The Chairman.—I suppose there is no objection to considering
that a request to the committee.

Mr.W. H. Doane.—1 want to add one word in seconding Mr.
.Kent’s resolution. I think that the members of the Society may
not appreciate how much of hard and laborious work has been
expended by this committee, as I have had reason to know myself
somewhat, and it has moreover been continued through many
months. Some of the members of the committee, especially,
have given a great deal of time, which they could ill afford, and
I think, sir, if we can establish this uniform system in this coun-
try it will be a great thing, and when that has been accomplished
I have no doubt in my own mind that the English people would
be very glad to follow after us. I rise, sir, to second the motion
made to adopt this report, with the thanks of the Society, and to
move to continue this conimittee. They have this matter fully
in hand, and when their final report is made up, I think it will be
one that will give satisfaction to every engineer present.

The motion was carried with applause.
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CCXXVII.

FRICTION IN TOOTHED GEARING.

BY PROY. F. REULBAUX, BERLIN, GERMANY.*

(Honorary Member of the Society.)

The following investigation relates to the friction of teeth in
spur gearing ; but it can readily be adapted to bevel gear as well.

In a plane section normal to the axes of a pair of spur gears,
let two curves be moved upon each other. For the least possible
movement the amount of sliding at the point of contact of the
curves is equal to the difference ds — ds,, in the space passed over
by that point on each curve when both of them move in the same
direction. 'When they move in opposite directions, it is equal to
the sum of their paths, ds + ds ; so that we obtain the general
expression for the differential dg of the amount of sliding,

dg = ds + ds,.

In Figures 1 and 2, 7" and T} are the pitch circles, and £ the
curve on which the point of contact will always lie for two teeth
ingear. A study of the movement shows that whatever be the
shape of the teeth the profiles will always pass through the com-
mon point of contact in the same direction, so that here in every
case we have

... .. .. dg=ds—ds.

With a working pressure (), normal to the common tangent of

* Translated from the original German by Mr. Wheaton Kunhardt, Engineer
for the Bower-Barfl Rustless Iron Co., of New York, acting in co-operation with
the Secretary of the Society. The latter would put on record in this way the
obligation under which the author and the membership have been put by the
chief translator for the manner in which this work has been done, as a contribu-
tion to the transactions of the Society.
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the tooth-profiles, and a coefficient of friction f, the work of fric-
tion for a pair of teeth is

@ ... ... W:IQ'r'(da—ds,).

Fe

This general expression can readily be applied to the different
kinds of toothed gearing.

EPICYCLOIDAL GEARING.

Geometrical Investigation.—In Figure 3, let 7" be the pitch arc
and D the describing circle with which the profile of a tooth is
drawn. Referring to Figure 3, the hurtful work of friction on one
side of the line of centers 00, is

@ ... .. W’=ij(:ls’—dsl');
and the useful work

@ . . ... U’:JQRsina’db”,
in which ¢ = .’ﬁ @ = %(1so~2a');
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and hence

. P
B . .. ... d0= 2Rda.

Then, for the hurtful work relatively to the useful work, we obtain

T 7| @@ —as)  Jar -
v j—QRsina’2T:da’ 27 cos a’

or, if the respective parts of the teeth which slide in contact are
designated, as in Figure 4, we have, for an arc of approach,

' W"—__.8I—81' .
®.....r= U =/ 9rcos &

and for an arc of recess on the other side of the line of centers,

W" 8"—8”
-y n_ —_1__—‘
o .....p = 777 _f2-rcosa""
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and henée, for the total loss:

_Z_ Wl+ W”_ , LY, + " U" .
/A /A Lt A/ /LA /AN

for which, by substitution of the values of U’ from equation 4,
and the corresponding value of U", we can also put

0! 0”

’r

p:p_0,+0,,+_p —m :

If the length of the whole arc of action measured on the pitch
circle, on both sides of the line of centers, be denoted in terms of

the circular pitch by & *—equal to & + ¢'—we have from the last
equation and from Figure 3, since the arcs are proportional to the
subtended angles,

, 8' " "
(S) e e e e e e p:p-e-“l'])'—e-.
Introducing into this equation the values of »' and p" in (6) and
(7), we have
8—8 & &' =4 e”>

p=f(eo—2

2rcosa’ & 2r cos a”’ &

in which 27 cos a’ and 2r cos a” are the chords of the two parts
of the curve of contact on either side of the line of centers, 00’

* See the author's Konstrukieur.
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isee Figares 3 and 6). Designating the whole chord by §, and the
parts respectively by S’ and §", we have

"

8' — 81’ EI 81 —8” é.ll
(9). . . . _p—-f S’ ; + S', ?)‘

’ n

Here—z- and % are respectively the lineal ratios of the arc of ap-

proach and arc of recess to the whole arc of action on the pitch
circle. But as these arcs, in epicycloidal gearing, which we are
now considering, are of the same length as the corresponding
parts of the curve of contact on the describing circles, the ratios
are equally those of the two parts of the curve of contact to the
whole curve. In formula (9) the value of the bracketed expression
can be determined graphically, and when the quantities are found
the value of p may be expressed in the following rule :

Find the difference in length between the two tooth-profiles which
work in contact on the same side of the line of centers, and divide it
by the chord of the respective curve of contact, multiply the quotient
by the ratio between this curve and the whole curve of contact ; add
the quantities thus found for either side of the line of centers, and
multiply the sum by the coefficient of friction to obtuin the total loxs
of work, p.*

In Figure 6 the outside, or tip, circlest A and A intersect the

* We have in the above been proceeding on the assumption that only one pair
of tooth-profiles is in gear at a time, whereas actually each pair is broueht inte

engagement while the preceding pairis still in action. But this is as though we
had, in Figure 5, for the pressure between the teeth on the curve of contact,

betwcen points 1and 2, Q' =Q — Q"
and, at the same time, o “ 3and4, Q' =Q—Q';
or, taken together, QL+ =¢;

and hence our assumed case holds good in practice. To find points 2 and 3, make
the portions 1-8 and 2—4 of the curve of contact equal to the pitch.

t In Brown & Sharpe’s Practical Treatise on Gearing, the tip circle is denomi-
nated ‘‘addendum circle.”

4
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curve of contact in the points 7 and /7, and so limit the line of

0,
actual contact, which, divided by the circular pitch of the teeth, ¢,
gives the value ¢ in terms of the pitch. Arcs described from the
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centers of the pitch circles, O and O, with O and O/T as radii,
intersect the flanks of the teeth and determine the lengths of s’
and s”. The arcs 7 and I’II, divided by the pitch of the teeth,
t, give the value of the arcs of approach and recess, ¢ and ¢’ in
terms of the pitch.

Analytical Investigation.—Retaining the same notation and re-
ferring to the former figures, we have, from the developments of
analytical geometry for epicycloidal curves,

o _ gl R = _ R] —_— ?‘
& =4r (1 cosz> andsl 4r (1 c082> B
Substituting these values in Equation 6 :
y_Y (1-cs%) <R+ , fe,_r>
F= 7 9%rcosa R /)’
or, since 7 cos a’ = 2r sin 921, )
4
P _gl T e Rir—RE;+ Bry,
j' - . (p' .ngl )
sin -
2
whenee, by simple reduction,
: P _ o R+ R
0 . . . .. 7 2r ta.n4 A
@ 2rg
But as angle ¢' is small, we may consider 2 tan T= i =
z’ and therefore

P _ <p R+ Ry

F="eRR

Denoting the number of teeth in the two wheels in gear by Z
and Z,, and the circular pitch by ¢, we have 272 = Zt, and from
Figare 3, r¢’ = ¢t introducing these two values into the last
equation, we find

’ 4
p_altAen
j‘ - 2 ry r t 2 ,

@ (2‘,})
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and reducing,
' 1 1\,
aan. . . . p=fr (7 iz)f.

the negative sign within brackets being applied to internal, and
the positive sign to outside gearing. For the total loss through
friction we have, as in Equation 8,

" .

€ n &
P—p;+]’ Py

'

or, multiplying the second member by %’

,e”+£:—’e'e”
12). . . . . . p::f,l——ze)——.

From Equation 8 and from the general value p = p’ + p", we
deduce

P _ ¢ w_ €
= o or p =p
Substituting this in (12),
[ T + ’
a . .....»2=2( E‘-‘").

Introduciug here the value of p’ from (11) we obtain, finally,

4. . . .. .p=sfr (%:le-)ea—t“

The interpretation of this formula shows that a large value for
¢ that is, a long contact, is, contrary to the practical impression
received at first sight, unfavorable because the value of p in-
creases with it; and also that the ratio & : ¢’ exerts an impor-
tant influence. To find & minimum value for p, we have the anal-
ogous general expression,

_2+ (a —a)
y=—"—""
Differentiating :

0=2—2(a —2);
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whence,
z = ia

-

or, in this particular case,
d=¢ = $e.

The most favorable case, therefore, will be that in which the con-
tact is equally divided on either side of the line of centers QO'.
This proportion has been so closely adhered to in epicycloidal

gearing for standard wheels of my own design (» = ¢, £ = 0.3¢,
S = 0.4t),* that there is no appreciable inaccuracy in calling
¢ = &' = }¢, and then we find for the lost work of friction,

). . . . . .p=fz<lziz!-l)%.

Here, too, Z, denotes the number of teeth of the second gear,
and is taken with the negative sign in cases of internal gearing,

* See the author’s Konstrukteur. Brown & Sharpe, in their treatise on gearing
already referred to, make ¥ = % = 0.318¢, hence somewhat larger. The differ-
ence is trifling ; the adoption of this value has certain practical merits.
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showing that in such cases there is less friction than in ordinary
" spur gearing of the same number of teeth.

The value of ¢ in (15) is readily found by the graphic method,
but an analytical determination is also possible, as follows :

The two outside, or tip, circles of a pair of engaging gear-wheels
always intercept the shorter portions of the curve of contact and
so determine the lengths of the two arcs of actual contact in this
curve, these being, as above noted, equal in length to the corre-
sponding arcs of approach and recess on the pitch circles, or, in
Figure 7, PD = PE. But, from the figure,

p—y "_r(¢,+(p")_ Z ’ "
(16)-5—5+£———t———4—7}(¢+¢):
. . 27 R . .
in which ¢ = — = the circular pitch, and 2 = 2r, so that the

teeth have radial flanks. Again, to find a value for ¢’ we have from
the triangle O MD, OM* + MD* — 20'M - MD cos ¢' = O'IA.
or

_(BR++ P — (R + k)P

cos ¢/ = 2R +1)r
R4+ 2R+ — R — B 2Rk
- 2Rr + 21
_ Rr— Rk + v — iR
(17). - Rr + ’
Zt Zt

Introducing into (17) the values 2 = o T = o Z=11%k =

0.3¢, and substituting in (16) the value of cos @' thus found, we
have, approximately

_ 1277 + 10 127Z £ 10
(18) &= § <ﬂrc cos —m + arc cos m N

the negative signs being used when Z, belongs to an internal gear-
wheel. Formula (18) can very well be approximated for all values
from Z = 6 upwards, as follows:

a), for spur-wheels, ¢ = 1.246 + 0.0004S (Z + Z,).

b), when Z, refers to an internal gear, ¢ = 1.431 + 0.00048Z —

0.0001Z..
¢), for a rack and pinion gear, ¢ = 1.396 + 0.00048Z.
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We obtain further, for

Z= 7Z; =1, the value ¢ = 1.25
Z=124= o, “« % £=140
Z= T,Z,=— 60, * “ &=143
Z=2602 =—3800, “« “ &=143

We are now enabled, as in the following examples, to find
numerical values for the loss, p.

Example 1.—Number of teeth, Z = 7 and Z, = 7; coefficient of
friction 0.15 (introduced here with rather a high value on account
of the narrowness of the surfaces in contact). We have for this
case, as above shown ¢ = 1.25; and hence, from formula (15):

p=015.814 (7 7) 135 _ 0.0628 - 8.14 = 0.08419, or 8.4

per cent.

Ezample 2.—Z = 7, Z, = o (rack). Here ¢ is = 1.40,and p =

015 3.14 (}7 +0) 120 = 0.015 - 814 = 0.047, o 47 per cont.

Example 8.—Z = 28, Z, = w0, whence ¢ = 1.396 + 0.00048 =

141,a0d p = 0.15 - 3.14 ( ) 141 _ 00088 ..3.14 = 0.0119,
or 1.19 per cent.

Ezample 4.—Z = 30, Z,__3O We find ¢ = 1.346 + 0.00048

. 1275 _
(30 + 30) = 1.275, and then p = 0.15 - 8.14 <30 30) =5
0.006375 - 3.14 = 0.02, or 2 per cent.

Erample 5—Z = 80, Z, = — 40 (annular wheel). We find
¢ = 1431 + 0.00048 - 30 — 0.0001 - 40 = 1.44, and p = 0.15-3.14

1 1\ 144 ~
(@ - 4‘6) L2 = 0.0009 - 8.14 = 0.0028, or 0.28 per cent.

INVOLUTE GEARING.

Geometrical Investiyation.—We have here, as in equations (3)
and (4), for the work of friction and the useful work respectively,

W= ij (ds — ds,), and U’ = j QR sin a'dé.
In the present case, however, a' is a constant, so that U’ =
@R sin a'¢’, and _
R el

(19) e o e e .p:v—}:fm'
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But R sin a’#' is the arc of recess measured on the root circle
r, and hence, from the property of the involute, it is equal to the
portion E', Figure 8, of the curve, or path, of contact, coinciding

. Q

here with the straight line of pressure B¢. Equation (19) there-
fore becomes
’ § — 8'.
Y=r=F
and, similarly,
81” —g"

P" =f Eu *

These expressions correspond with formule (6) and (7)—the
chords of the curve of contact, 2 cos a’ and 2r cos o, of the
former case being identical, in the latter, with the line of contact
itself. But again, as in Equation 8,

"
"

¢ &
P—I’;*‘I’ 3

Substituting in this the above values of p’ and p”,

p —f 8’ — 81’8—, + 81" — 8II e_Il)
L‘I € Al &

4

Here, as before, ¢’ and &” are the parts, and ¢ the whole, of the
curve, or line, of contact expressed in terms of the pitch. If,
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therefore, f, denote the root-pitch (measured on the root circle
), then

E , E" " E + E"

— =& —=¢, and ————— =¢

to to to

Introducing these values of ¢, ¢ and ¢” into the last equation,
we obtain

_ & — 8 &" = g _ (8’ + 81”) _ (8" + 81')
r=r (G5 * s 7) =/ z ‘

An easy graphic solution of this expression results in the follow-
ing rule:

Add together the lengths of the two faces (8' and &", Figure 9), and

Fie. .
also the lengths of the active portions of the two flanks (8" and s/,
Figure 9) ; subtract the second sum from the first, and divide the re-
mainder by the length of the lineof contact (I — 11 = E); multiply
the quotient by the coefficient of friction, f, and the product will
be the total loss, p.*
Analytical Investigation.—If v and 6 denote the angles of ap-

*To find the values of 8,’, 8”, E, etc., set a pair of compasses to quite a small
opening—say } to 1y inch—and space off the curves which are to be rectified,
keeping count of the number of spaces measured.
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proach and recess, both taken with reference to the root circle, as
represented in Figure §, then we may put for Equation (19) :

T "n-—6,

T+ 0 L
f r0d6 — I by dey

P2
J R sin a'0'

Integrating, and substituting for 2 sin a’ its value 7, we have

. % (62 + 2t —20'r — ™) — _'2,:‘(712 — 1 — 6, 4 21,6,

v4
- 76
Reducing:
p,_’z—o"' +710 + 202 —rmi 6,
(20) 7= pr

But 78’ = »,6,’, both being equal to £’ (Figure 8); and 7 = 7,, both
being equal to cot a’ (because arc 77 = E” = I cosa’,and r =

. cos a ,
R sin o', whence 7 = T a = cot a').

Substituting in (20) :

6, T '
L0,<1+0,)=181(1+ 7y 7‘0,7"}‘7'1.

.

?_ 4 r
S, 2 r 2 r 2 rr

Replacing 7 by its value /2 sin a':
p'_Rsina’t?’R+R, sin a' R+ R RO

Vi 2 ER, sna® ~ RR ' 2

Here, as before, 26", the arc of recess measured on the pitch
circle, is equal to £¢, so that

P_ B+ B et

7="RE_ 2

from which, reducing as for equation (11), Z and Z, denoting the
numbers of teeth of the two wheels,

, 1 1\
(21)...... p=f7! 'Z:l:Z—l>£,
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and finally, deducing p as in Equations 12, 13, and 14, we find

. . 1 1\ &%+ &7
22 .. . .p=p+p =f”(7iz>T,

which is identical with the valae of p for epicycloidal wheels—the
negative sign and number Z, referring to internal gearmg

As in the case of epicycloidal gear the values of ¢ and ¢” in in-
volute gearing can be analytically deduced as follows :

The two tip circles of a pair of engaging gear-wheels limit by
intersection with the deseribing circles the length of the active
portions of the curve of contact now considered. We have, as

before,
RO R

-— ___l_=l 1"
e_t+ ¢ &+ &,

To find a value for ¢ we have from the triangle O'PD, Figure 10,

Fig. 10.

(R+kP=R+FE"* + 2E'E" = * + *( sin a® +2/%0sin a cos a,
from which we deduce

_ —Zcota )
= o iVsmu’ z’( +1 47:”

or

. =2
£ = OOt ‘/ <47Lr2 sin a® 47:’ + ﬁlarﬂ_’ (Z " 1);
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and for the particular value a = 75°, whence sin a = 0.96593 and
cot a = 0.26795,

@3) . . ¢&=—0.043Z+ 4/0.00182" + 0.108 (Z + 1).

This formula applies to outside spur gearing; for practical
purposes it is approximated with sufficient accuracy in the ex-
pressions:.

¢ =08 + 0.0036Z, & = 0.8 + 0.0036Z;, and e = ¢ + &' = 1.6 +
0.0036 (Z + Z,) ; and for the rack, ¢ = 1.20.

Example 1.—In a pair of gear-wheels assume Z = 20, and
Z, =100:
e=¢ + &' = 0.8+ 0.0036 - 20 + 0.8 + 0.0036 - 100
=1.6 + 0.0036 - 180 =1.6 + 0.331 = 1.932.
Frample 2.—Assume Z = 20, Z, =20 :
¢ =16 + 0.0036 - 40 = 1.744.

Example 3.—Assume Z =28, 2, = = :
e=0.8 + 1.20 + 0.0036 - 28 = 2.0 + 0.09 = 2.09.

‘When Z, refers to an internally geared wheel, Equation (23) be-
comes

&' = 0.043Z, — 4/0.0018Z — 0.108(Z — 1),

which yields imaginary values for all cases in which the number
of teeth in the second member is less than §9. The formula is
approximated with sufficient practical accuracy in the expression

&' =17~ IOZ(;O
Example 1.—Assume Z, = — 100: then. &' =1.7—-0.1 = 1.6.
Ezample 2.—Assume Z, = — 200 : then &' = 1.7 = 0.2 = 1.5.
In usual cases ¢ differs appreciably from ¢”, and consequently
1 gn

the mean value of the factor ¢

is greater than 2i For ex-

ample, for
Z =20 and Z, = + 200, ¢ = 0.8 + 0.0036 - 20 = 0.872,
& =0.8 + 0.0036 - 200 = 1.52; and
e =0.872 + 1.52 = 2.392 ; and hence the factor

[ + (9] = [(C52)+ (28]~

(0.26° + 0.64°) € = (0.1296 + 0.4096) ¢ = 0.5392 ¢,
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which is a little greater than 4&.* We may there’ore put for for-
mula (22), .
1 1\ ¢
r=re(zx7) 5

always bearing in mind, however, that in involute gearing ¢ is gen-
erally greater than in epicycloidal gearing of the same number of
teeth, and that in the approximation which we adopted, the value

£ is for most cases a trifle too small.

2

It will not be uninteresting to examine a few numerical appli-
cations of the last formula, as this will enable us to make a com-
parison between the two systems of gearing as regards friction.
Supposing the true involute curves applied, we must employ
numbers of teeth greater than 19 and 28 respectively, as stated
above.

Erample 1.—Z = 30, Z, = 30. This gives
¢=1.6 + 0.0036 (30 + 30) = 1.816,and p = 0.15 - 3.14 (%0 + ?710)
S — 0.00908 - 314 = 0.0285, or 2.85 per cont. (as against 2
per cent. in epicycloidal gearing).

Erample 2.—7Z = 28, Z, = o (rack). ¢, as given above, = 2.09,
which makesp = 0.15 - 8.14 (g + 0) 232 =0.0056 - 3.14=0.017,
or 1.75 per cent. (as against 1.19 per cent. in epicycloidal
gearing). .

Erample 3—Z = 80, Z, = — 40; then ¢ = 0.8 + 1.7 +
0.0036 - 30 — 0.001 - 40 = 2.5 4+ 0.068 = 2.563,and p = 0.15 - 3.14

1 1\ 2.568 =
(37)—@ 5 = 0.0016 - 3.14 = 0.005, or 0.5 per cent. (as
sgainst 0.28 per cent. in epicycloidal gearing).

If we give up the accurate involute curves for wheels under 20
. and 23 teeth respectively, and apply a sufficient correction to the
faces, we will find a greater value for ¢ than in epicycloidal gear-

ing, and therefore greater friction. Many engineers imagine
that the reverse should be the case.

* * * * »* * *
The action, or contact, in involute gearing is not always good,

) fln my Konstrukézur 1 have taken 3¢ as the mean value of this factor, which
s, therefore, too large.
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for with certain proportions between the numbers of the teeth in
two engaging gears, a failure of action will occur. This takes
place when that portion of the curve of contact which corresponds
with the flank of a tooth is shorter at its maximum than the por-
tion corresponding with the face of the tooth of the engaging
gear. In such a case, the action, while geometrically correct, is
physically impracticable. For example, the tooth F/K, of

Tig. 1L

wheel 7 is shown in Fig. 11; just in the position where the inner
end 7 of the flank on wheel 7" has been reached by a point of the
face /JA;. The gearing moving in the direction of the arrow,
point A, will describe an elongated epicycloid curve, whose loop
J AL, is seen in the figure. This curve enters the radial flank
of tooth FIK, showing therefore that an interference will take
place between the teeth. Gear-wheels made. with such propor-
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tions must strike and wear each other at the points of interference.
Practice sustains this deduction, for in all cases where pinions
with a small number of involute teeth—say 12 to 15—are geared
into large spur-wheels, a jog is soon worn into the teeth of the
pinion just inside of the pitch circle (Fig. 12), and this wear is solely
due to the undesired action of the profiles, even though they be
cut with ever so much accuracy. The objectionable interference
of the curves, as we observe it here, seems to be in exact contra-
diction to the geometrical correctness of the system, but really
this is not so. It should not be forgotten that the involute con-
sists of two symmetrical branches, one of
which is the face /X ; the second one /K is
left unexecuted ; it lies symmetrically disposed
to axis 017" opposite the branch /K, It is
with this second branch of the involute that
the part /K, of the face of tooth #} XA, would
come into true geometrical contact; this, how-
ever, does not preclude that the lower portion
of the first branch of the involute could at the
same time be intersected by /K. In the
case before us, the loop enters the flank so far
that the evil cannot be remedied by hollow-
ing out the face along the line of the loop Fig. 12,
curve, as this curve partly cuts away—so to say—that short but
important portion of the involute between the pitch and the root
circle, which cannot be dispensed with for the contact between
points P aud Z Every precaution should, therefore, be observed
to avoid the interference in question. '
The number of teeth required in order to avoid this difficulty
inthe smallest involute gear-wheels—those having a root circle
angle a of 75°—is fwenty when both wheels have the same num-
ber of teeth ; but it increases to twenty-eight when the engaging
gear is a rack.* In order to prevent this failing case it would ap-
pear necessary to reduce the angle a of the root circle to less than
75°.¢+ But other evils accrue from this reduction, and mainly
that of greater axial pressure, so that it has not yet been adopted

*See Konstrukteur.

t Brown & Sharps, of Providence, R. L., make a slightly > 75°, namely 75¢°,
ipparently with the intention of having cos @ = } and so facilitating the design-
ing of the root circle. On the other hand, a 75° angle is so easily drawn with the
tid of 2 80° and a 45° triangle that it seems preferable to maintain this value of
@, which, moreover, was the one adopted by the late Prof. Willis.

|
|
|
|
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in practice. The occurrence of this failing case is to be noted
even with the use of Bilgram's excellent gear cutter. .This tool
is particularly well suited to cutting very accurate involute profiles,
but, as explained above, the wheels should never have less than
twenty teeth. Another device for guarding against the failing
case consists in slightly rounding off the face profiles on wheel PK;.
The proper amount of this rounding off is readily determined by
drawing the different positions which the flank of a tooth on wheel
PK will assume when its pitch circle / is rolled upon 7}.* This
curve can also be investigated theoretically—it is, for example,
a cycloid when the tooth /’/A belongs to a rack. But at best
this remedy for the failing case does not appear to be really com-
mendable, for its adoption implies that the principle of “ sets of
wheels ” has been abandoned in such cases—the correction being
in the first place, nct constant as dependent on the number of
teeth of wheel /°K, and secondly, not necessary, and even posi-
tively incorrect, as soon as the number of teeth of P X is greater
than twenty-eight.

LANTERN GEARING. t

. & + 8”2
For this case we have ¢’ =0, and ¢ = ¢, and hence — =5

so that the expression for the lost work of friction, derived from
formula (14), becomes

1 1
p=sr ( 7 £ Z1> £
which is twice as much for the same € as in the cases above men-
tioned.
BEVEL GEARING.

- In bevel gearing friction can be determined by the given formu-
lee, when introducing, instead of the real numbers of teeth, those

* In the very useful Practical Treatise on Gearing, by Brown & Sharpe, already
referred to, attention is directed to the failing case which is here considered, but
its cause is ascribed to wide departure of circular arcs in these gears from the
true involute carve, this departure being so great that points of . teeth in the one
wheel obLtain no bearing on the flanks of teeth in the other. That such is not
the true cuse nor the proper explauation has been shown above, and besides, in
their own book (p. 21. Fig. 10), Messrs. Brown and Sharpe indicate clearly, and
quite correctly, the intersection of the ends of the tooth faces of a rack with the
tooth flanks of a pinion. The failing case in question is an unfortunate element
in involute geuariug, especially where wheels with only a small number of teeth
are prescribed.

4 See the author's Konstrukteur, 4th Ed., p. 534.
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of what may be called the auxiliary wheels, which are wheels
whose radii are the lines drawn from the point of contact of out-
side pitch circles perpendicular to the conical elements, and reach-
ing the axes of the wheels respectively. The auxiliary wheels
are always greater thian the real wheels. For a crown wheel,*
for instance, the radius of the auxiliary whéel becomes parallel
to the axis, and therefore infinite, this auxiliary wheel correspond-
ing to the rack.

WEAR OF TEETH.

The wear of tooth surfaces is intimately connected with the ex-
istence of friction, but not infrequently the question is treated in
a misleading way. A common error regarding involute gear,

and one which is firmly rooted in the minds of many engineers,
consists in the belief that, because of the uniformity of the
pressure (), the wear at all points of the tooth surface will be the
tame, and that therefore the form of the profile will not be altered
by abrasion. T'his ¢s altogether erroneous, for the wear depends
both upon the pressure per unit of surface and on the amount of
sliding at each point. Owing to the curved profile of the tooth
the problem of determining the pressure for each squate inch

mes very complicated, and its solution can only be approxi-
mated by mean values. Setting aside, therefore, this part of the

* See Konstrukteur, 4th Ed., p. 546.
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question, there remains the amount of sliding, which, as we
found in (1) is .
dg = ds — ds,.

But in all kinds of gearing, without exception, ds and ds,, are re-
duced to 0 at the pitch point,* so that theoretically the teeth
would be subject to no wear at the pitch point. If they do, never-
theless, suffer a small amount of wear at that point, it is due to
the ‘abrasiou of particles of metal very near the pitch point, and
to a certain amount of shaking and springing of the axles, which
always produces a slight displacement of the pitch circles.

The greatest amount of sliding corresponds with a maximum
value of the angle #—that is, it occurs at the beginning and end
of contact (assuming the approach and recess of the teeth to
take place on the two sides of the line of centers through the
axes). Hence the terminal points of the active profiles are sub-
Ject to the greatest wear. The actual amount of wear, 7. e., the
thickness of the film of material abraded in a unit of time, depends
geometrically upon the lengths of ds and ds,, or taken for one pair
of teeth, upon the lengths ¢’ and s/, ¢ and s," (Fig. 6), of the active
profiles. A long face, &, slides upon the corresponding short
flank s/, and 8," upon 8”. The short portion is subject to as much
work of friction as the longer part, so that its mean wear must be
greater, since the quantity of abraded particles, both teeth being
of the same material, is the same in both parts. The effect of fric-
tion, therefore, in involute and epicycloidal gearing will be repre-
sented by the wear roughly indicated in dotted lines in Figures 13
and 14. The most unfavorable result is generally obtained in in-
volute gear (Fig. 14), which is just the reverse of the erroneous im-

ression above alluded to, because ¢, and hence (-iﬂ, is generall
p ds g y

1 ”

larger, and ':—, and % are smaller than in epicycloidal gear of the
1

same number of teeth. This conclusion has always been sus-
tained by my observations in practice, and I entertain no doubt
but that others will confirm it.

* In the caso of certain kinds of gearing, which I have called shield gearing
(Konstrukteur, 4th Ed., p. 586), the pitch point does not fall on the tooth profile.
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DISCUSBSION.

Mr. Wilfred Lewis.—The paper now under discussion treats of
a subject to which I have recently given considerable study, and
while, to some extent, it has been gratifying to find my researches
substantially confirmed by such high authority, there are neverthe-
less a few important points wherein our views and conclusions dif-
fer, and to these I would ask your attention.

The first difficulty which I met with, in reading the paper,
occurs in the formula immediately preceding equation (8),

, 7

P=P'0z+0u +1’ —0«‘+'——0,, « e e e e (a)

Equation (@) implies that the useful work done during the arcs
of approach and recess is directly proportional to the length of
those arcs respectively, and this, I thiuk, cannot be granted upon
the assurption that the normal pressure @ between the teeth is
constant. It is, I admit, a close approximation, but it would seem
to be mere properly stated as such. Upon the assumption that the
moment of resistance, QR sin a, is constant, the useful work must
be proportional to the angle 6, but when  is assumed to be con-
stant, the useful work U’ has just been demonstrated by eqnation
(6) as proportional to 2r cos ', that is, to the chord of the describ- '
ing circle, and not to its arc. The difference must be very slight
indeed, but nevertheless, it is just the difference betwecn an exact
snd an approximate solution of the problem. The * analytical in-
vestigation ” of the same case does not pretend to be absolutely
correct, when, for example, a small angle is taken for its tangent,
and, although this is perfectly allowable as a close approximation,
it conld not be accepted if presented as literal truth.

Continuing the paper, I was somewhat surprised to find that the
value of p, us deduced for cycloidal teeth and expressed by equa-
tion (14), was etated as identical with the value of p for involute
teeth, as expressed by equation (22) ; and reflecting upon the peculi-
arities just mentioned, I was led to conclude that the identity of
the two equations was due to the fact that one was derived by ex-
sctand the other by approximate methods. That a smnall differ-
ence does actually exist in favor of the involute form, has been
shown by Mr. George B. Grant,* but for other purposes, which

* Amerscan Machinist, for December 26, 1885.
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will presently appear, I prefer to use the following demonstration
of my own.

Referring to Fig. 68 for cycloidal teeth, and to Fig. 69 for invo-
lutes, let A and B be the centers of two wheels gearing together,

CYCLOIDAL TEETH.

and M CN their path of contact. Let D be any point in the path
of contact taken in each figure for the same arc of action from the
pitch point C. Draw 4D and BD and make DI and DX per-
pendicular to these lines respectively. Draw also, at a convenient
distance from U, parallel to the surfaces in contact, and conse-

INVOLUTE TEETH.

quently normal to the line of connection DC, the line K, inter-
secting the perpendiculars to A and BD in the points Jand K.
Then the instantaneous velocity of the point D may bLe repre-
sented in magnitude and direction by D7 in the wheel 4, and by
DXK in the wheel B, and /K will then be the velocity of sliding.
If, now, we prolong DC and draw BE parallel to 4D, it is en1
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dent that the triangles D/K and BED will be similar, and that
DE will represent the velocity of -sliding in terms of the ve-
locity at pitch line, represented by BC. We have now a con-
struction for the velocity of sliding at any point in the path
of contact, expressed in terms of the constant BC; and taking
the product of sliding and pressure as proportional to the work
lost in friction, we can readily find this loss upon the assump-
tion that the moment of resistance is constant. This assump-
tion is preferred to that of a constant pressure ¢, taken by Pro-
fessor Reuleaux, because it agrees more nearly with practical con-
ditions, and therefore seems to give a more natural basis of com-
parison, although of course, for analytical purposes, either is cor-
rect. It is also thought that by this method of analysis the labor
involved is very much redaced. When the moment of resistance
is constant, the pressure at any point D becomes proportional to
cosec a, and, if we draw F'G perpendicular to the line of cen-
ters,and project DE upon it by normals to DE, we shall have /G
proportional to the product of sliding and pressure. Now, by the
agsumed conditions, the arc of action measured by the curve CD,
Fig. 68, must be equal to tho arc of action measured by the straight
line C@, Fig. 69, and therefore it appears that the loss in friction
at the point D for cycloidal teeth is to the corresponding loss for
involutes as C@, Fig. 68, is to the arc CD. Hence, it is evident
that for any point D at a finite distance from C, the loss in fric-
tion for cycloidal teeth must be greater than the corresponding
loss for involutes. ‘ :

It further appears in Fig. 69 that C@, the arc of action, is al-
ways proportional to the product of sliding and pressure for any
degree of obliquity; from which it follows that the loss in friction
is independent of the obliquity, as implied in equation (22), and as
found by Mr. Grant in the article mentioned.

Referring again to Fig. 68, we have

arc CD = ¢'r, and CG = 2r tan 7’

’

P
Wtz _ tan 9
arc 0D — @'
2
oG — cot a’
arcCD =«

whence,

or we may put
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In order to represent graphically the actnal loss in friction for
cycloidal and involute teeth respectively, let us take dce, Fig. 70,
to represent the arc of contact, ¢ being the pitch point. Then, at
the point d, erect the perpendiculars da and db equal to F@ in

. Figs. 68 and 69 respectively, and similarly find the points g and f
on the opposite side of the line of centers. Draw the straight
line beg, then will the area cdd + ceg represent the loss in
friction for involute teeth. Draw also the curved line a¢f tangent
to beg at the point ¢, then will the area cad + cef represent the
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LOSS IN FRICTION,FOR
CYCLOIDAL AND INVOLUTE TEETH.

loss in friction for cycloidal teeth, and the difference will be repre-
sented hy the area abe + cgf.

" If we denote abscissas from the point ¢ in terms of ¢, the

equation for the curved line a¢f becomes simnply

!

y:atan%,. « e e e e .(b)

in which @ is a constant depending on the scale used.

It will be observed, in the analysis which I have briefly indi-
cated, that the necessity for finding the face lengths in action has
been overcome, and that the problem has thus been shorn of a
needless and difficnlt feature.

It must not be supposed, from Fig. 70, that the efficiency of in-
volute gearing is always better than that of cycloidal, and the qual-
ification, for the same arc of action, must not be overlooked.

The unfavorable comparison for involute teeth as against cy-
cloidal is due, as stated in the paper, to differences in the length
of the arc of action, and not to any peculiar merit in the cycloidal
form of tooth.

In regard to the wear of teeth, I think there is a grave error in
the assertion on the next to the last page, that in all kinds of
gearing, without exception, the wear is theoretically reduced to
zero at the pitch point; and I propose to show that the form of
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tooth has'a great deal to do with the distribution of wear at the
pitch point, as well as along the faces and flanks of the teeth.

In Fig. 68, let O be the center of the describing circle ; draw OD
the radius, and DA perpendicular to OD. Then, in the triangle
DHK, we have IK proportional to the sliding, K proportional
to the surface upon which sliding takes place on the wheel B, and
HI proportional to the surface upon which it takes place on the
wheel 4. If now we assume that the intensity of wear on any
sarface is proportional to the loss in friction divided by the surface
sustaining such loss, we can readily construct a diagram upon the
arc of contact for a base line, to represent the intensity of wear.
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INTENSITY OF WEAR ON CYCLOIDAL TEETH, FIG.A,

Fig. T1 represents the intensity of wear on the teeth shown in Fig.
68. That portion above the base line dece refers to the. wheel B,
and the portion below to the wheel 4. When the pressure Q is
assumed to be constant,-the wear will be uniform over the face and
over the flank of each tooth, as shown by the parallel dotted lines
ag, fo, br, and ¢p; ‘but when the moment of resistance is as-
sumed to be constant, the wear will increase slightly from the pitch
point, a8 shown by the curved lines tangent thereto. To prove .
that the wear is uniform when the pressure @ is constant, prolong
DE and draw BL parallel to OD, then the triangle BDL will

be similar to the triangle DHK, and %%'— will represent the wear
on the face of wheel B. .
AB

Now, by similar triangles, we have DE = 40 CD, and DL

= IoLg X CD; whence '% = % which is constant.
Similarly, the wear on the flank of wheel 4, represented by %%

can also be shown to be constant.

For involute teeth the result is very different, for there the lines
BlLand CL are constant, and the intensity of wear may vary from
infinity to zero.

To compare the wear on both forms of teeth by diagrams drawn
to the same scale, we must assume some ordinate to represent the
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wear resnlting from a unit of pressure in sliding & unit’s distance
over & unit of surface.

In Fig. 68, this ordinate should be laid off from the line BL to
locate the parallel line PQR, and in Fig. 69 its oblique projec-
tion, equal to its original length times cosec a, should be laid off
from BL for a similar purpose. At the points @ and R, where
this line intersects BE and BD, draw the lines Q7 and RS par-

INTENSITY OF WEAR ON INVOLUTE TEETN,FIG.B.

allel to the lin¢ of connection CD ; then will these distances repre-
sent the intensity of wear at the point D on the wheels 4 and B
respectively.

Following out this construction, we obtain Fig. 72, representing
the intensity of wear upon involute teeth comparable with Fig. 71
for cycloidal. *

* The relative distribution of wear on cycloidal and involute teeth was pointed
Fe. . out by Mr. Bilgram in a lecture delivered at
Fg. Fig. 80. the Franklin Institute in November, 1881,
and published in its Journal for January,
1882. The diagrams which he used at
that time to illustrate his remarks are
now of especial interest in connection with
Figs. 18 and 14 of the paper under discus-
INVOLUTE TEETH.  gion, and they are here subjoined (Figs. 79
and 80), to indicate the wearing tendency on a single pair of engaging teeth.

CYCLOIDAL TEETH.
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‘We have not yet, however, arrived at the solution of the problem
presented, upon the basis of actual working condition, and, in the
present discussion, I can do but little more than indicate the direc-
tion in which the analysis may be pursued. It has been pointed out
in a foot-note on the fifth page of the paper that in actual practice
each pair of tooth-profiles is brought into engagement while the

~

preceding pair is still in action, and the conclusion is drawn, rather
hagtily I think, that the rule laid down for finding the loss of work
on the assumption that only one pair engage at a time, holds good
in practice a8 well as in theory.

That this is an error of no small importance will appear by refer-
ence to Figs. 73 and 74, in which the arc of action dce has been
taken equal to 1} pitch, and divided equally at ¢ for convenience.
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Now, if dn = me = pitch, and the load is divided equally between
two pairs of enguging teeth, we shall have for the loss in friction
for each pair of teeth, the areas droged + cetpsc = V, instead of
the larger areas dac + cef or dob + ceg = V'. If the arc of con-
tact be reduced to ww = pitch, so that there shall never be more
than one pair of teeth in actien, the loss in friction for each pair of
teeth will be represented by the area wve + cwe =V ".

From similar triangles, Fig. 74, it will readily appear that the
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difference between these areas ¥ — V", is not measured by the
difference in the arcs of contact, de — uw = §, but the square of
that difference, or §; and the same is approximately trne for
cycloidal teeth, Fig. 78. In other words, we have area V=12 V",
instead of § V"',

From this consideration, it is evident that the general equation
at the top of the seventeenth page,

) p=f”(%:té—l>’;—’ B ()]

does not express the true relation for the arc of contact to the loss
in friction, and when the value of & lies between 1 and 2, as is
usual for external gearing, this equation should be written,

1+ (e—=1)2
» frr(z eV @
For iutcrchangeable cycloidal teeth, the value of ¢ is quiite
limited, being seldom more than 1.5 or less than 1.25, and conse-
quently equation (d) may be expressed for such teeth within 10 per
cent. of the true value, more or less, by

p=1.8f<zlité—l), NG|

and this approximate formula is really more nearly correct, within
the specified limits, than equation (c), which involves the additional
labor of finding e.

For involute teeth, the arc of action is so much more variable, that
to obtain a close approximation of this kind would at present seem
out of the question, but from other considerations which have not
yet appeared, it is thought that the equation (¢) may also be used
to express the loss in friction for involute teeth as well.

The fallacy in the reasoning by which it has been inferred that
the “assumed case holds good in practice,” is very natural and easy.
Suppose, for example, Fig. 73, there is a tooth, 7}, in action at n,
when a new tooth, 7, enters the path of contact at &, then as
T, passes from d to e, it will lose in friction the work represented
by the area called 4, the tooth, 7}, will lose the area ptsf, and a
new tooth, 7, coming into gear will lose the area rago, all of
which, added together, completes the area dac + cef for the
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assumed case of one pair of teeth in gear at a time, and, if we stup
here, there will be no reason to doubt that the inference referred to
is correct. But, if we continue to move the wheels through succes-
sive arcs of action, the result will be quite different. Commencing
with the tooth 7} at the point m, the next area becomes 4 + mge
and, continuing, the next becomes 4 + ¢ns, when the teeth again
stand in the positions originally assumed relative to the arc of con-
tact. The error appears to have arisen from assuming an incom-
plete cycle of movements to represent the whole.

I do not propose at this time to enter fully into all the details of
this interesting subject, nor to give a report of my investigations
for the company with which I am connected to determine the
most advantageous system of gearing for their adoption. This, I
think, will more properly form the subject of a paper for a future
meeting of the society ; but there are still more points in regard to
the question of wear to which I would call your attention.

Referring to Figs. 71 and 72, it would at first appear as though
the cycloidal form was immensely superior to the involute in point
of durability or deformation from wear, but upon further con-
sideration it becomes evident that these lines of intensity must
suffer considerable modification under the action of two teeth in
gear. For involute teeth, the pressure toward the beginning and
end of the arc of action would naturally be reduced by the exces-
sive wear, and this in turn would naturally reduce the loss in
friction represented by Fig. 74. The precise manner in which
this change of pressure should take place remained with me an
unsolved problem until a few weeks-ago. After going over my
work with Mr. Hugo Bilgram, of Philadelphia, he subsequently sent
me a very happy and ingenious solution, which, with his per-
migsion, I take pleasure in presenting to the society in his words : *

* Assume in a pair of gears the addenda made 8o great that the path of con-
tacton each side of the gearing center is equal to one pitch. Let AOB, in Fig. 82,
represent the path of contact, and assume one pair of teeth, preferably involutes,
10 be passing from A to B at uniform velocity. The velocity of friction being
represented by the distance of the line CD from A B, the surfaces 0ACO and
OBDO will represent the loss from friction (the various coefficients being taken
intoaceount in selecting the scale). But, according to the assumption, the work of
trasmission will not devolve on one pair of teetl, as two pairs will constantly
bein contact. At first the pressure might distribute itself uniformly upon both
pairs of teeth, and the loss of work due to each pair would then be represented
by the areas 04 EO and OBFO. But the wear will be least near the pitch line
and greatest near the base or point. This cau, however, last only for a short
time, for two pairs of teeth being in gear constantly, a state of persistency of
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Fig. 78, the distribution is very different, and the loss in friction
is slightly less.

i A
Fig. 77
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These diagrams go to show that an extended are of contact entails
less friction for involute teeth than it does for cycloidal, and that,
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INVOLUTE TEETH.

practically, formula (¢) wnust come very near the truth for all
cases.
From Figs. 75 and 76, it appears that the load on involute teeth

velocity pg. Since A C represents both the velocity of friction and the dynamic
loss, the scale of the diagram is evidently such that the pressure on the teeth
multiplied by the coefficient of friction can be considered as the unit. The mul-
tiplication of mo and pg can therefore be accomplished by making K¢’ = pg, and
drawing the line ¢' M, intersecting mo in 7', when pr = mr'. When the state of
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persistency is once reached, the loss from friction is therefore no more represented
by the surfaces OAEOQ and OBFO, biit by the parabolic segments 0XA0 and
0YBo.

Now, if the addenda are not so great as thus far assumed, if the path of con-
tact extends only from a to b, it is plain thai between b’ and a’ only one tooth is
in action,

While passing from a to b’ it will be assisted by the preceding tooth passing
from ' to b, and ouly in this period will the curves X and ¥ show the loss from
friction, The total loss is, therefore, shown by the surfaces Ob”Xab'0O and
0Oa" Yba'0.
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will eventually be applied and removed more gradually than it
will on cycloidal, and that as a consequence the action should be-
come smoother.

When the condition of * persistency ” is established, the inten-
sity of wear will be represented by the dotted lines 8¢, v, we and
yz, Fig. 71, and by op, ¢r, s¢ and wz, Fig. 72, the middle portion
in each remaining unaltered.

That there will actually be some wear at the pitch point ¢, as
suggested on the next to the last page of the paper, there can be
no doubt, but, in addition to the reasons mentioned, it should also
be noted that wear must occur there, even with involute teeth, on
account of the fact that every point in the tooth surface must re-
main in contact through a perceptible arc of action, owing to its
compressibility—in other words, because the path of contact must
have some thickness, as well as length and width. This considera-
tion will affect the intensity of wear to some extent, but, it’is
thought, not seriously. The main point which remains unsettled,
and the one which is always of the first practical importance to de-
termine, is the cocflicient of friction. Is it sufliciently constant
throughout the arc of action to be taken as such, and if not, must
the ¢ Friction of Toothed Gearing” be considered a hopeless
problem ¢

I am strongly convinced from the “Sellers Experiments on
Gearing,” which I have had the honor of reporting to this society,
that the coeflicient of friction must undergo very decided changes
throughout the arc of action, so inuch so, indced, as to impair, to a
greater or less extent, the practical value of any formula yet de-
vised for determining the loss in friction; and it is only for very
slow motions, such as that of feed gearing, that I should think of
applying formula (¢) with any degree of assurance.

I am well aware of certain crudities in this hurried discussion,
and fine points neglected that might have been considered, but the
ground to be covered secms to expand as we proceed ; and, to con-
clude, I think it will be admitted that the subject before us still
offers a promising field for experimental research and analytical
investigation,

Mr. Hugo Bilgram.—On the ninth page of his paper, Professor
Reuleaux, by his analyfical deduction, comes to the conclusion
that, as regards the loss of power from friction, the most favorable
case will be that in which the contact is equally divided on either
side of the line of centers.
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This appears to be in direct conflict with the assertion of Pro-
fessor Willis, that the loss from friction during the approach, ex-
ceeds that which occurs during the receding contact, for which
reason the addendum of -the driven gear should exceed that of the
driver, when a minimum of loss from friction at a given length of
the arc of contact is desired.

This discrepancy can be traced to the difference in the premises

of the two investigators. While I’rofessor Willis compares the
effective momentum given by the driver with that received by the
driven gear, in the various stages of action, Professor Reuleaux
computes the loss from friction for a wniform normal pressure
between the faces of the teeth.
- The actual pressure transmitted by the teeth, which is inclined
to the common normal of the curves in contact by the angle of
friction, may be resolved into two forces—the normal pressure,
which in the paper under discussion has been considered a con-
stant, and the tangential force of friction. On examination, it will
be found that the force of friction has a much greater reacting
leverage during the approaching than during the receding action.
In order to overcome a uniform resistance in the driven gear, it is,
therefore, necessary that the normal force between the teeth should
be greater during the approach than during the receding action;
and if this is an essential prerequisite in practice, the loss from
friction. during the approach, must exceed that of the other half of
the action. The assumption of a uniform normal component is,
therefore, not compatible with what actually occurs in practice.

The factor of friction is, however, as a rule, no sufficient reason
for abandoning the practice of making the addenda of gears equal,
except when special reasons interveme. When toothed gears are
used intermittently or interchangeably as drivers and driven gears,
the conclusion of Professor Reuleaux is unquestionable.

In the paper on a new Odontograph, mentioned by Mr. Wilfred
Lewis in his discussion, I showed a simple graphical method by
which the most advantageous relation between the addenda of the
driving and driven gears may be found, the angle of friction being
assumed as known.

There is, however, another statement in the paper just read
which, I think, would be an injustice to myself, were I not per-
mitted to correct the same. I refer to the mention of my bevel
gear cutter in relation to the faulty action of the involute system
of gearing, when the pinion has a low number of teeth. With
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the machine in guestion, pinions with as few as 12 teeth can be
cut with entire freedom from this fault. When both gears are
equal, the number can be reduced to 15 without any interference
whatever, since 15 teeth mitre gears correspond in form and action
with 21 teceth spur gears. With 15 teeth mitre gears there is,
therefore, even theoretically, no fault. By experience, I have
found that with a redunction of the number of teeth of mitre gears
to 19, the fault which now exists in theory is so small that it es-
capes detection. The case is, however, different when a pinion
gears with a larger wheel. But in this case, the fact that bevel
gears are never used interchangeably, but are invariably made in
pairs or triplets, permits the application of an expedient which
obviates the difficulty. It consists in reducing the addendum of-.
the wheel, and increasing that of the pinion correspondingly.

The difficulty only exists when blanks are sent for cutting which
arc turned by machinists who omit to take this precantion.

Mr. C. A. Smith—In making a few remarks concerning this
paper, 1 wish, in the first place to call attention to a few points of
criticism directed to the Practical Treatise on Gearing, published
by the Brown & Sharpe Mfg. Co. of Providence, R. 1.

In the foot-note on the nineteenth page of his paper, Professor
Reuleaux mentions the difference between the obliquity (or its
complement) adopted by the Brown & Sharpe Mfg. Co. and that
used by himself (75°), which he also says is the one used by Pro-
fessor Willis. This must be a mistake, since by referring to Pro-
fessor Willie’ Principles of Mechanism, page 134, we find that he
uses 75° for double curve teeth, but on the page just preceding
this (133) he recommends 75§° for involute or single curve teeth,
and gives his reasons for doing so. It is true that an angle of 75°
is conveniently laid out on the drawing board by means of the or-
dinary triangles; but the fact is that the men in the workshop do
not use triangles to lay out work; some of the most common tools
being the scribe awl, straight edge and dividers. When the angle
is assumed whose cosine is } (754° very unearly) the radius of the
tooth curve may be obtained by simply bisecting, with a pair of
dividers, the radius of the circle described on the pitch radius as a
diameter, and as the formation of gear teeth must always be a work
of the shop, rather than of the drawing table, the convenience of
these proportions is at once appreciated by the * practical man.”

It is sometimmes said that the work of laying out gear teeth,
templates, etc., should not be done by the machinist, but ought to
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be executed by the draughtsman. This is a wrong idea, because
the machinist has more practice in doing accurate work (those, at
least, who are employed on such a class of work), and he should
therefore be the one to do it, under proper instructions, of course.
As far as the drawings are concerned, it is not good economy to
attempt to draw gear teeth accurately. In most cases they need
not be drawn at all, but when they are drawn, an outline formed
by the eye will answer the purpose of 8 working drawing as well
s though they were drawn theoretically correct. On the other
hand, the dranghtsman does often understand as little of the correct
principles of gearing as the machinist.

Referring to the foot-note on the last page.but two, Professor
Renleaux again refers to the Practical Treatise on Gearing, by
Brown & Sharpe Mfg. Co., and says that the cause of the inter-
ference of teeth on small gears “is ascribed to wide departure of
circular ares,” etc., quoting almost the exact words given at the top
of the twenty-second page, which reads thus:

“This rounding occurs because in these gears arcs of circles de-
part too far from the trne involute curve, being so much that
points of teeth get no bearing on flanks of teeth in other wheels.”
This refers to the circular arcs forming the tooth faces of the
pinion.

The criticism here is evidently an oversight, since no attempt
whatever has been made to explain the cause of interference.
Fig. 10, to which Professor Reulezux refers, simply calls attention
to the fact of interference. The statement above quoted from
refers to the tooth faces of the pinion, Fig. 10, and has no refer-
ence whatever to interference. The interference takes place at
the flanks of the pinion teeth and faces of the gear teeth. To
svoid this, the spaces between teeth on the pinion, below the base
circle, are made as wide as is practically possible, as explained on
the twentieth page. The remainder of the correction is made by
rounding the faces of the gear teeth. An interchangeable set of
involute gears canuot be made as low as 12 teeth without slightly
ltering the involute and making a combination tooth enrve, unless
the obliquity be increased, which again is objectionable on account
of the increased friction which would necessarily accompany such
Y change.

I might even go further than stating that the above criticism is
ilfounded, by saying that the explanation of interference, given
by Professor Reuleaux, is not strictly correet, or that it is at least

6
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very indirectly explained and difficult to understand by any one

but an expert. To state the case briefly, let 'and D, Fig. 66, be the

base circles of a pair of involute gears; E and F the pitch circles;

GH the line of contact (not “the curve of contact™). AG and

HB are perpendicular to the

line of contact H@, and hence

the latter is tangent to the

base circles at ' and H. The

‘ greatest possible line of con-

\ tact obtainable with the in-

' volute tooth is the line G H,

the contact commencing at

- G (when the wheels rotate as

indicated by the arrows) and

at the root of the involute

-- K, and ending at Hand at

the root of the involute /.

The points & and H, there-

fore limit the addenda, which

cannot be greater than MH

and G'L respectively. If the

Fig.68 addenda are made greater

than this limit, then the teeth

must be “corrected” to prevent them from interfering, or from
being ¢ undercut.”

Involute teeth will not even work ¢ geometrically correctly ” (as
stated by the author of the paper under discussion) after the point
of contact has passed the point . While the point of contact I
is between H and G, the involutes J/ and X are in external contact,
so to speak, the wheel 4 driving the wheel B. After contact has
passed H, as shown at &, the involutes are in internal contact, and
the wheel 4 can no longer be the driver, so that to drive “geo-
metrically correctly,” the wheel B would have to become the
driver, otherwise curve K; would simply move away from the
curve o, the opposite branch of the involute o/ or J;, with which
it is now supposed to be in contact. It is easily seen-that the
second branch J, of the wheel B will always be in internal contact
with the first branch A of the wheel A, since the radius of cur-
vature, VH, of the former curve is always less than the radius of
curvature, NG, of the latter.

After explaining somewhat in detail the cause of interference,

4
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and drawing his conclusions, the author says, on his nineteenth
page: “ Practice sustains this deduction. . . . A jog is soon
worn into the teeth of the pinion just inside of the pitch circle,
and this wear is solely due to erroneous design of the profiles,
even though they be cut with ever so much accuracy.” On the
last two pages he shows correctly that the wear on all gear teeth is
greatest inside of the pitch line—that the natural tendency is to
wear a jog in the teeth below the pitch line. This being true, the
fact that the teeth of a gear have “ jogs” worn into them is no
evidence of interference or bad design, as above stated. If there
is any interference, it will be discovered before the teeth have an
opportunity to become worn, since they will not work until the
interference is removed.

In regard to Professor Reuleaux’s paper, as a whole, I shonld
like to raise the question as to whether it is correct, in calculating
the friction of gear wheels, to’ take into
account only the friction at the teeth ?

In my opinion the friction at the jour-

nals should also be taken into account,

since this, as well as the friction at the

teeth, depends upon the obliquity of A

action, and the obliquity in turn de-

pends upon the form of teeth ; hence,

to compare the friction of gearing hav-

ing different forms of teeth, all the fric- - <

tion for which the teeth are responsible,
either directly or indirectly, should be
taken into account.

To illustrate more clearly what I
mean, let us refer to the diagram Fig. X
67. I have lere represented a pair of !
teeth whose axes or shafts are at A f
and B.  ON is the normal to the teeth
at the point of contact, /. Tet us
8uppose the gear A to be used to drive the gear B for the pur-
pose of raising a weight, W. Now, it is impossible to apply a
foree to the gear B directly at /. The driving force must be ap-
plied at some point of the shaft 4. We may suppose it to be a
puley driven by a belt, the working force being represented by

CP. The diagram is so plain that I trust it needs no further
explanation in detail. The only route for the power from the

Fig 67

v)



74 ) FRICTION IN TOOTHED GEARING.

difference between these areas V' — V", is not measured by the
difference in the arcs of contact, de — ww = §, but the square of
that difference, or §; and the same is approximately trne for
cycloidal teeth, Fig. 78. In other words, we have area V=18 V",
instead of § V"',

From this consideration, it is evident that the general equation
at the top of the seventeenth page,

) p:fz(%;t;—l) —25, B ()

does not express the true relation for the are of contact to the loss
in friction, and when the value of ¢ lies between 1 and 2, as is
usual for external gearing, this equation should be written,

14 (e—1p
_f7r<Z 4 5 Coe e (@)

For interchangeable cycloidal teeth, the value of & is quite
limited, being seldom more than 1.5 or less than 1.25, and conse-
quently equation (d) may be expressed for such teeth within 10 per
cent. of the true value, more or less, by

p=1.8f<-zlil;é—,l), @

and this approximate formula is really more nearly correct, within
the specified limits, than equation (¢), which involves the additional
labor of finding &,

For involute teeth, the arc of action is so mmuch more variable, that
to obtain a close approximation of this kind would at present seem
out of the question, but from other considerations which have not
yet appeared, it is thonght that the equation (¢) may also be used
to express the loss in friction for involute teeth as well.

The fallacy in the reasoning by which it has been inferred that
the “assumed case holds good iu practice,” is very natural and easy.
Suppose, for example, Fig. 73, there is a tooth, 77, in action at n,
when a new tooth, 7, enters the path of contact at d, then as
T, passes from d to ¢, it will lose in friction the work represented
by the area called A4, the tooth, 7}, will lose the area ptsf, and a
new tooth, 7 coming into gear will lose the area rago, all of
which, ‘added together, completes the area dac + cef for the
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assumed case of one pair of teeth in gear at a time, and, it we stop
here, there will be no reason to doubt that the inference referred to
is correct. But, if we continue to move the wheels through succes-
sive arcs of action, the result will be quite different. Commencing
with the tooth 7} at the point m, the next area becomes 4 + mge
and, continuing, the next becomes 4 - cns, when the teeth again
stand in the positions originally assumed relative to the arc of con-
tact. The error appears to have arisen from assuming an incom-
plete cycle of movements to represent the whole.

I do not propose at this time to enter fully into all the details of
this interesting subject, nor to give a report of my investigations
for the company with which I am conuected to determine the
most advantageous system of gearing for their adoption. This, I
think, will more properly form the subject of a paper for a future
meeting of the society ; but there are still more points in regard to
the question of wear to which I would call your attention.

Referring to Figs. 71 and 72, it would at first appear as though
the eycloidal form was immensely superior to the involute in point
of durability or deformation fromm wear, but upon further con-
sideration it becoines evident that these lines of intensity must
suffer considerable modification under the action of two teeth in
gear. For involute teeth, the pressure toward the beginning and
end of the arc of action would naturally be reduced by the exces-
sive wear, and this in turn would naturally reduce the loss in
friction represented by Fig. 74. The precise manner in which
this change of pressure should take place remained with me an
unsolved problem until a few weeks -ago. After going over my
work with Mr. Hugo Bilgram, of Philadelphia, he subsequently sent
me a very happy and ingenious solution, which, with his per-
mission, I take pleasure in presenting to the society in his words : *

* Assume in & pair of gears the addenda made so great that the path of con-
tacton each side of the gearing center is equal to one pitch. Let AOB, in Fig. 82,
represent the path of contact, and assume one pair of teeth, preferably involutes,
1o be passing from A to B at uniform velocity. The velocity of friction being
represented by the distance of the line C'D from AB, the surfaces 0.ACO and
0BDO will represent the loss from friction (the various coefficients being taken
intoaccount in selecting the scale). But, according to the assumption, the work of
traosmission will not devolve on one pair of teetl, as two pairs will constantly
bein contact. At first the pressure might distribute itself uniformly upon both
pairs of teeth, and the loss of work due to each pair would then be represented
by the areas 0.4 EO and OBFO. But the wear will be least near the pitch line
‘Pd greatest near the base or point. This cau, however, last only for a short
time, for two pairs of teeth being in gear constantly, a state of persistency of
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Following out to its logical conclusions the line of thought sug-
gested by Mr. Bilgram, we have Fig. 75 presenting the load trans-

A Fig. . ¢
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LOAD TRANSMITTED SY CYCLOIDAL TEETH,

mitted by cycloidal teeth throughout the arc of action, Fig. 76, the
same for involutes, Fig. 77, the loss in friction for cycloidal teeth,
and Fig. 78, the same for involutes. In Fig. 77, the distribution
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of the loss in friction is slightly different from what is shown in
Fig. 73, but the amount of loss is almost exactly the same. In

wear must soon be reached, in which the wear on simultaneous points of contact
of both pairs of teeth is equal. But the wear can only be equal if the pressure
is inversely as the velocity of friction (this is an assumption which may be more
or less true). Therefore, the total pressure will be no more distributed equally

[+

o

upon both teeth, but inversely as the velocity of friction. The diagram
MLNKM, Fig. 81, therefore represents the variable pressure on each tooth-pair
as their point of contact travels from A to B. For convenience, the triangle
KLNK may be transported to MPLM.

If a pair of teeth is at p, the pressure will be equal to mo, while that on the
other simultaneous contact is equal to on, the sum of both being equal to the
total pressure, ¥P = KL, A

In order to find the dynamic loss, the force mo must be multiplied by the
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Fig. 78, the distribution is very different, and the loss in friction
is slightly less.

b A A
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These diagrams go to show that an extended arc of contact entails
less friction for involute teeth than it does for cycloidal, and that,

h
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practically, formula (¢) must come very near the truth for all
cases.

From Figs. 75 and 76, it appears that the load on involute teeth

velocity pg. Since A C represents both the velocity of friction and the dynamic
loss, the scale of the diagram is evidently such that the pressure on the teeth
multiplied by the coefficient of friction can be considered as the unit. The mul-
tiplication of mo and pq can therefore be accomplished by making Kg' = pg, and
drawing the line ¢' M, intersecting mo in 7', when pr = mr'. When the state of
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pensistency is once reached, the loss from friction is therefore no more represented
‘gyﬂle surfaces OAEO and OBFO, bit by the parabolic segments 0X A0 and
BO.

Now, if the addenda are not so great as thus far assumed, if the path of con-
tact extends only from @ to b, it is plain that between b’ and a' only one tooth is
in action,

While passing from a to b’ it will be assisted by the preceding tooth passing
from a’ to », and only in this period will the curves X and ¥ show the loss from

:;iﬂion. The total loss is, therefore, shown by the surfaces Ob"'Xab'O and
" Fba'0.
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will eventually be applied and removed more gradually than it
will on cycloidal, and that as a consequence the action should be-
come smoother. :

When the condition of “persistency ”’ is established, the inten-
sity of wear will be represented by the dotted lines s8¢, uv, wz and
y2, Fig. 71, and by op, ¢r, 8¢ and we, Fig. 72, the middle portion
in each remaining unaltered.

That there will actually be some wear at the pitch point ¢, as
suggested on the next to the last page of the paper, there can be
no doubt, but, in addition to the reasons mentioned, it should also
be noted that wear must occur there, even with involute teeth, on
account of the fact that every point in the tooth surface must re-
main in contact through a perceptible arc of action, owing to its
compressibility—in other words, because the path of contact must
have some thickness, as well as length and width. This considera-
tion will affect the intensity of wear to some extent, but, it'is
thought, not seriously. The main point which remains unsettled,
and the one which is always of the first practical importance to de-
termine, is the cocflicient of friction. Is it sufficiently constant
throughout the arc of action to be taken as such, and if not, must
the ¢ Friction of Toothed Gearing” be considered a hopeless
problem %

I am strongly convinced from the “Sellers Experiments on
Gearing,” which I have had the honor of reporting to this society,
that the coeflicient of friction must undergo very decided changes
throughout the arc of action, so much so, indeed, as to impair, to a
greater or less extent, the practical value of any formula yet de-
vised for determining the loss in friction; and it is only for very
slow motions, such as that of feed gearing, that I should think of
applying formula (¢) with any degree of assurance.

I am well aware of certain crudities in this hurried discussion,
and fine points neglected that might have been considered, but the
ground to be covered secms to expand as we proceed ; and, to con-
clude, I think it will be admitted that the subject before us still
offers a promising field for experimental research and analytical
investigation,

Mr. Hugo Bilgram.—On the ninth page of his paper, Professor
Reuleaux, by his analytical deduction, comes to the conclusion
that, as regards the loss of power from friction, the most favorable
case will be that in which the contact is equally divided on either
side of the line of centers.
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This appears to be in direct conflict with the assertion of Pro-
fessor Willis, that the loss from friction during the approach, ex-
ceeds that which occurs during the receding contact, for which
reason the addendum of -the driven gear should exceed that of the
driver, when a minimum of loss from friction at a given length of
the arc of contact is desired.

This discrepancy can be traced to the difference in the premises

of the two investigators. While P’rofessor Willis compares the
effective momentum given by the driver with that received by the
driven gear, in the various stages of action, Professor Reuleaux
computes the loss from friction for a wniform normal pressure
between the faces of the teeth.
- The actual pressure transmitted by the teeth, which is inclined
to the common normal of the curves in contact by the angle of
friction, may be resolved into two forces—the normal pressure,
which in the paper under discussion has been considered a con-
stant, and the tangential force of friction. On examination, it will
be found that the force of friction has a much greater reacting
leverage daring the approaching than during the receding action.
In order to overcome a uniform resistance in the driven gear, it is,
therefore, necessary that the normal force between the teeth should
be greater during the approach than during the receding action;
and if this is an essential prerequisite in practice, the loss from
friction. during the approach, must exceed that of the other half of
the action. The assumption of a uniform normal component is,
therefore, not compatible with what actually occurs in practice.

The factor of friction is, however, as a rule, no sufficient reason
for abandoning the practice of making the addenda of gears equal,
except when special reasons intervene. When toothed gears are
uged intermittently or interchangeably as drivers and driven gears,
the conclusion of Professor Reuleaux is unquestionable.

In the paper on a new Odontograph, mentioned by Mr, Wilfred
Lewis in his discussion, I showed a simple graphical method by
which the most advantageous relation between the addenda of the
driving and driven gears may be found, the angle of friction being
assumed as known.

There is, however, another statement in the paper just read
which, I think, would be an injustice to myself, were I not per-
mitted to correct the same. I refer to the mention of my bevel
gear cutter in relation to the faulty action of the involute system
of gearing, when the pinion has a low number of teeth. With
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the machine in question, pinions with as few as 12 teeth can be
cut with entire freedom from this fault. When both gears are
equal, the number can be reduced to 15 without any interference
whatever, since 15 teeth mitre gears correspond in form and action
with 21 teeth spur gears. With 15 teeth mitre gears there is,
therefore, even theoretically, no fault. By experience, I have
found that with a redunction of the number of teeth of mitre gears
to 19, the fault which now exists in theory is so small that it es-
capes detection. The case is, however, different when a pinion
gears with a larger wheel. But in this case, the fact that bevel
gears are never nsed interchangeably, but are invariably made in
pairs or triplets, permits the application of an expedient which
obviates the difficulty. It consists in reducing the addendum of.
the wheel, and increasing that of the pinion correspondingly.

The difficulty only exists when blanks are sent for cutting which
arc turned by machinists who omit to take this precantion.

Mr. C. A. Smith—In making a few remarks concerning this
paper, I wish, in the first place to call attention to a few points of
criticism directed to the Practical Treatise on Gearing, published
by the Brown & Sharpe Mfg. Co. of Providence, R. 1.

In the foot-note on the nineteenth page of his paper, Professor
Reuleaux mentions the difference between the obliquity (or its
complement) adopted by the Brown & Sharpe Mfg. Co. and that
used by himself (75°), which he also says is the one used by Pro-
fessor Willis. This must be a mistake, since by referring to Pro-
fessor Willis’ Principles of Mechanism, page 134, we find that he
uses 75° for donble curve teeth, but on the page just preceding
this (133) he recommends 754° for involute or single curve teeth,
and gives his reasons for doing so. It is true that an angle of 75°
is conveniently laid out on the drawing board by means of the or-
dinary triangles; but the fact is that the men in the workshop do
not use triangles to lay out work ; some of the most common tools
being the scribe awl, straight edge and dividers. When the angle
is assumed whose cosine is } (754° very nearly) the radius of the
tooth curve may be obtained by simply bisecting, with a pair of
dividers, the radius of the circle described on the pitch radius as a
diameter, and as the formation of gear teeth must always be a work
of the shop, rather than of the drawing table, the convenience of
these proportions is at once appreciated by the ‘ practical man.”

It is sometimes said that the work of laying out gear teeth,
templates, etc., should not be done by the machinist, but ought to
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be executed by the dranghtsman. This is a wrong ides, because
the machinist has more practice in doing accurate work (those, at
least, who are employed on such a class of work), and he should
therefore be the one to do it, under proper instructions, of course.
As far as the drawings are concerned, it is not good economy to
sttempt to draw gear teeth accurately. In most cases they need
not be drawn at all, but when they are drawn, an outline formed
by the eye will answer the purpose of a working drawing as well
 though they were drawn theoretically correct. On the other
hand, the dranghtsman does often understand as little of the correct
principles of gearing as the machinist.

Referring to the foot-note on the last page.but two, Professor
Revleaux again refers to the Practical Treatise on Gearing, by
Brown & Sharpe Mfg. Co., and says that the cause of the inter-
ference of teeth on smnall gears ¢ ie ascribed to wide departure of
cirenlar ares,” etc., quoting almost the exact words given at the top
of the twenty-second page, which reads thus:

“This rounding occurs because in these gears arcs of circles de-
part too far from the true involute curve, being so much that
points of teeth get no bearing on flanks of teeth in other wheels.”
This refers to the circular arcs forming the tooth faces of the
pinion.

The criticism here is evidently an oversight, since no attempt
whatever has been made to explain the cause of interference.
Fig. 10, to which Professor Reulezux refers, simiply calls attention
to the fact of interference. The statement above quoted from
refers to the tooth faces of the pinion, Fig. 10, and has no refer-
ence whatever to interference. The interference takes place at
the flanks of the pinion teeth and faces of the gear teeth. To
avoid this, the spaces between teeth on the pinion, below the base
circle, are made as wide as is practically possible, as explained on
the twentieth page. The remainder of the correction is made by
rounding the faces of the gear teeth. An interchangeable set of
involate gears cannot be made as low as 12 teeth without slightly
altering the involute and making a combination tooth curve, unless
the obliquity be increased, which again is objectionable on account
of the increased friction which would necessarily accompany such
8 change,

I might even go further than stating that the above criticism is
illfounded, by saying that the explanation of interference, given
by Professor Reuleaux, is not strictly correect, or that it is at least

6
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very indirectly explained and difficult to understand by any one

but an expert. To state the case briefly, let ¢'and D, Fig. 66, be the

base circles of a pair of involute gears; £ and F the pitch circles;

GH the line of contact (not “the curve of contact”). AG and

HB are perpendicular to the

line of contact HG, and hence

the latter is tangent to the

base circles at & and Z{. The

greatest possible line of con-

\ tact obtainable with the in-

volute tooth is the line G- H,

the contact commencing at

G (when the wheels rotate as

indicated by the arrows) and

at the root of the involute

-- K, and ending at Hand at

the root of the involute oJ.

The points ¢ and H, there-

fore limit the addenda, which

cannot be greater than MH

and G L respectively. If the

Fig.68 addenda are made greater

than this limit, then the teeth

must be “corrected” to prevent them from interfering, or from
being “ undercut.”

Involute teeth will not even work ¢ geometrically correctly ” (as
stated by the author of the paper under discussion) after the point
of contact has passed the point 2. While the point of contact I
is between H and G, the involutes o/ and X are in external contact,
so to speak, the wheel 4 driving the wheel B. After contact has
passed H, as shown at &, the involutes are in internal contact, and
the wheel A can no longer be the driver, so that to drive “geo-
metrically correctly,” the wheel B would have to become the
driver, otherwise curve K; would simply move away from the
curve J,, the opposite branch of the involute / or J/;, with which
it is now supposed to be in contact. It is.easily seen-that the
second branch J; of the wheel B will always be in internal contact
with the first branch A] of the wheel A, since the radius of cur-
vature, IV H, of the former curve is always less than the radius of
curvature, NG, of the latter.

After explaining somewhat in detail the cause of interference,
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and drawing his conclusions, the author says, on his nineteenth
page: “ Practice sustains this deduction. . . . A jog is soon
worn into the teeth of the pinion just inside of the pitch circle,
and this wear is solely due to erroneous design of the profiles,
even though they be cut with ever so much accuracy.” On the
last two pages he shows correctly that the wear on all gear teeth is
greatest inside of the pitch line—that the natural tendency is to
wear & jog in the teeth below the pitch line. This being true, the
fact that the teeth of a gear have * jogs” worn into them is no
evidence of interference or bad design, as above stated. If there
is any interference, it will be discovered before the teeth have an
opportunity to become worn, since they will not work until the
interference is removed.

In regard to Professor Reuleaux’s paper, as a whole, 1 should
like to raise the guestion as to whether it is correct, in calculating
the friction of gear wheels, to' take into
account only the friction at the teeth ¢
In my opinion the friction at the jour-
nals should also be taken into account,
since this, as well as the friction at the
teeth, depends npon the obliquity of
action, and the obliquity in turn de-
pends upon the form of teeth ; hence,
to compare the friction of gearing hav-
ing different forms of teeth, all the fric-
tion for which the teeth are responsible, Fig.67
either directly or indirectly, should be
taken into account.

To illustrate more clearly what I
mean, let us refer to the diagram Fig.
67. I have here represented a pair of !
teeth whose axes or shafts are at A
and B. OX is the normal to the teeth
at the point of contact, /. Iet us
suppose the gear A to be used to drive the gear B for the pur-
pose of raising a weight, W. Now, it is impossible to apply a
force to the gear B directly at /. The driving force must be ap-
plied at somne point of the shaft A. We may suppose it to be a
pulley driven by a belt, the working force being represented by
CP. The diagram is so plain that I trust it needs no further
explanation in detail. The only route for the power from the
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point C, where it is applied, to the point /, where the useful work
is performed, is by way of the shaft A, the teeth at Z and the
shaft B, and in its transit, work is absorbed by friction at these
three points—4, I, and B. It is evident that the result would
be the same in principle, whether we consider the forces P
and W to be applied in the plane of the gears or in different
planes. First, then, the friction at 4 is proportional to the press-
ure AH, which is the resultant of the normal pressure at the
teeth (which we may represent by @), to which 4’ is made equal
and parallel, and the applied force CP = AG. But the normal
pressure, = AF, depends upon the obliquity, which is equal to
0AT =6,1. e

0o CPxC4_ CPx 04
T A0 T AT x cos 0

This equation shows clearly that Q varies inversely as the cosine
of the obliquity.

Second; the friction at I, of course, depends upon the pressure
Q, and consequently upon 6.

Third ; the friction at 3 depends upon the pressure BAM, which
is the Jesultant of the useful resistance, W = BL, and BK = Q =
a function of 6. Hence there are at least three points at which the
work absorbed by friction depends directly upon the obliquity, and
this, of course, depends upon the form of teeth adopted.

There are other minor points which have an influence slightly to
modify the resultants 4H and BM, one of these being the fact
that the approaching friction is greater than the receding friction,
a point just spoken of by Mr. Bilgram, and referred to by Pro-
fessor MacCord in his Hinematics. 1 will, however, not dis-
cuss these minor points at this time, trusting that what I have said
is sufficient to make clear my general idea on the subject.

There is a question incidentally connected with that of friction,
which was suggested to the writer by a diagram * similar to Fig. 67,
which may have an important influence on general theory of gear
teeth. The fact observed was, that owing to the friction the force
transmitted is necessarily variable, the immediate result of which
would be to give an unsteady or fluctuating motion, and conse-
quently produce more or less noise, however “ nice ” the teeth may
have been formed. Such a conclusion seems warranted by ex-

* American Machinist of May 1, 1886,
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perience, as I have never seen a pair of gears which were free from
noise at an ordinary speed of rotation.

Mr. Allan Stirling.—I would like to call attentlon to a prac-
tieal difficulty in the way of spur gears for certain purposes. Those
who have occasion to ride in elevator cages operated by spur gears,
have noticed, of course, & peculiar trembling that there is to the
cage. As far as my experience goes, this is inseparable from the
use of spur gears for such purposes, and I can readily see, in the
demonstrations that have been made before us now, the reason
why this is so. If the friction at different points varies as has
been shown, and when receding from the line of centers it is not,
go mach as it is in approaching it, the different resistances due to
friction are variable during the contact of two teeth; and as the
teeth enter and leave, there must be an appreciable difference in
the velocity, which would cause this trembling action. So far as I
know, it is impossible to overcomne this difficulty ; and in order to
get a smooth, gliding motion we are compelled to use a screw gear
or some other motive power. I merely wish to make this observa-
tion in order to ask if any of the gentlemen can say that it is
possible to make a smooth, gliding motion when using spur gears,
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CCXXVIIL

ON THE FRICTION OF NON-CONDENSING ENGINES.

BY R. H. THURSTON, ITHACA, N. Y.
(Member of the Society.)

TaE assumption of the distinguished engineer, De Pambour,
that the wasteful resistance of a steam engine consists of a constant
quantity, the friction of the unloaded engine, increased by some
increasing function of the added load, has been accepted as cor-
rect by probably all recognized authorities since his time. Call-
ing R, the resistance of the engine running free and under no
other load than its own friction, and calling R, -the resistance
coming upon it as a useful factor of its work, and making f the
co-efficient measuring the proportion of increased friction due to

the load, the total resistance to be overcome by the engine pisto
is thus :

R=Q+f)R+R, .. . . .. ...(Q

So far as the writer has observed, it has never been questioned
whether the quantity / is constant or variable, and no recent
attempts have been made to ascertain its value by experiment.

It has long been the intention of the writer to settle this ques-
tion, which had for years existed in his own mind, and the op-
portunity has recently been offered to do so, at least as that
question affects the modern forms of non-condensing high-speed
engines now so generally in use, especially for electric lighting
purposes. The firsf investigation was made, at the suggestion of
the writer and under his general direction, in the winter of
18834, upon a “ Straight Line Engine,” exbibited that year, at
the Annual Exhibition of the American Institute, by the Straight
Line Engine Co., of Syracuse, N. Y., and built by them from the
designs of Professor John E. Sweet, the inventor of its special
features.* The results were sufficiently exact and satisfactory in

* The work was done with equal care and skill by Messrs. Mitchell and Aldrich
gradua’ es of Stevens Institute of Technology, of the class of 1884. '
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every respect to have been made the basis of the conclusions here
to be stated ; but it seemed to the writer desirable that they should
be checked by similar work upon another engine, if possible of
a different make, before attempting to state definite conclusions
of any kind. The opportunity to secure such a repetition of the
investigation was offered, during the past winter, at Cornell Uni-
versity, using a Straight Line engine, which could be fitted with
a brake, and conveniently submitted to test. The engineis of the
same make as the first described, but of a different size, and the
results of the two sets of experiments are considered to accord so

METHOD OF ATTACHING THE INDICATORS.
Fio. 15.

e} R

thoroughly as to justify publication. The following are the data
and results of these two sets of determinations :

The first of these two engines was built from designs brought
out in the year 1880, of which illustrations may be seen in the
Electrician of December, 1883. As is well known, the engine de-
rives its name from the fact that, in its design, the attempt has
been made to take all stresses through straight members, the
frame thus being made to consist of two straight compression
and thrust members, connecting the cylinder heads directly with
the main pillow blocks, and giving a characteristic appearance to
the whole machine. The valve gear is of the “positive” type,
the expansion made variable by the introduction of a governor on
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the main shaft actuating the eccentric, in the manner familiar to
all who have seen the more common forms of high-speed engines.
In the design of this governor, as throughout the whole engine,
special care has been taken to provide against the impeding
action of friction, the machine being intended to be as nearly
frictionless as possible. The engine rests upon three points of
support, and thus is not liable to be thrown out of line by any
inequalities of foundation or bolting. When tested, the engine to
be experimented with was simply set on blocking, and had no
foundation ; but so well was it balanced, and so perfectly was its

METHOD OF ATTACIING THE INDICATORS.
76 '

alignment maintained, that it ran with absolute smoothness, and
as steadily as if it had been given the heaviest foundation
possible.

For the purposes of test, it was fitted with a pair of carefully
standardized indicators and a Prony brake. Cards were taken
simultaneously from both ends of the cylinder, and at the same
instant readings from the brake were obtained. A comparison of
the power indicated by the diagrams and that shown by the brake
gave a difference which measured the friction of the engine.
During the trial, the engine, when working at its rated power,
consumed, according to the indications of the diagrams, 28.2
pounds of steam per horse-power per hour, or, probably, between
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35 and 38 pounds, allowing for the loss by cylinder condensation,
not accounted for on the indicator card, a very excellent per-
formance for an engine of but 35 horse-power. The action of the
governor was extraordinarily perfect. The engine was adjusted
to make 230 revolutions per minute under 90 pounds steam press-
ure. The observers reported that it made the same number of
turns whether loaded or unloaded, an evident impossibility with

DETALLS OF REDUCING MECHANISM

a governor of this class, in which only approximate isochronism
can be attained. The writer, to settle the question, counted the
revolutions, minute by minute, with a hand-speed counter, and
made it 230 revolutions with the whole rated load on the engine
(35 to 40 horse-power), and 231 when entirely unloaded, the brake-
strap being loosened until it could be shaken about on the pulley,
by the hand, with perfect ease. This was repeated until no
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question could longer exist in regard to the matter. The varia-
tion with variable steam pressure was greater.

The following are the data obtained from the brake and indi-
cator readings :

ngm. of | Revolutions. P?«:::tﬂe. Brake H. P. I"gl.“lf?r Difr. m‘gg‘" per

1 232 50 4.06 .41 8.35 45

2 229 85 4.98 7.58 2.60 84

3 280 63 6.00 10,00 | 4.00 40

4 280 69 7.00 10.27 8.29 82

5 230 73 8.10 11.75 3.656 32

6 280 m 9.00 12.70 3.70 29

7 230 % 10.00 14.02 4.02 28

8 230 80 11.00 14.78 5.78 25.5

9 230 80 12.00 15.17 8.17 21

10 230 85 13.00 15.96 2.96 18.5
11 280 %5 14.00 16.86 | 2.86 17
12 280 70 15.00 17.80 - 2.80 15.75
13 281 7?2 20.1 22.07 2.06 9
14 280 75 25.00 28.31 8.36 11.75 -
15 229 60 20.55 83.04 3.1 9.5
16 229 58 84.86 87.20 2.84 6.3
17 229 70 39.85 43.04 8.19 7.4
18 280 85 45.00 47.79 2.76 5.8
19 280 90 50.00 52.60 2.60 4.9
20 280 85 56.00 57.54 2.54 4.4

This engine was 8 inches in diameter of cylinder, 14 inches
stroke of piston, having a rod 44 inches long between centers, a
balanced valve with stroke of 2 to 4 inches, according to position
of governor and eccentric, a fly-wheel 50 inches in diameter,
weighing 2,300 pounds, the steam and exhaust pipes having diam-
eters of 24 and 4 inches, respectively, and the whole machine
weighing 2} tons. The space occupied by the engine was 9 feet
4 inches in length, by 4 feet 8 inches in width, and 3 feet 10
inches in height.

Examining the above table of powers, it is seen that the differ-
ence between indicated and dynamometric power, the friction of
the engine, varies somewhat with varying steam pressures and
varying total power; but in such manner as to indicate the con-
trolling cause to be irregular in action, and possibly to some ex-
tent due to errors of observation and to accident. The maximum
is four horse-power, the minimum about two horse-power. The
usual difference is about three and the variations are irregularly
distributed throughout the whole range of experiments. It is
evident at a glance that the law of De Pambour does not hold,



ON THE FRIOTION OF NON-CONDENSING ENGINES. 91

and that it is as nearly correct to say that the friction of engine
is constant as otherwise. The column of friction, as given in
percentages of the total power, exhibits the same fact. There is
continual, though somewhat irregular, reduction of the percentage
of friction, throughout the range from the lowest to the highest
power, and very nearly inversely as the power exerted. This is
best shown by the curve given in the accompanying plate (Fig. 23),
in which a smooth line has been drawn to represent as nearly as
possible the mean of all observations. The power for which the

PLAN OF ARRANGEMENT FOR ENGINE TRIAL
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engine is proportioned is 35 to 40 horse-power. At this power,
the friction of engine is but about 6 per cent. of the total, or less
than one-half that assumed by De Pambour, and accepted as
correct by Rankine, for engines generally, and presumably for
locomotives especially. The result is exceedingly gratifying, and
seems to the writer extraordinary for so small an engine.

The repetition of the experiment upon an engine of another
make, having a cylinder 9 inches in diameter and a stroke of
piston of 12 inches, which would naturally give a somewhat in-
creased percentage of friction, in consequence of the proportion-
ally smaller stroke, at 20, 30, 50 and 65 horse-power, by brake,
and running free, revolutions 300 per minute—a speed which may
also have caused some increase in frictional resistance, not only
in rubbing parts, but by increasing back pressure—gave a friction
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of engine measuring from 2.66 horse-power unloaded, to 4 horse-
power at 20 to 30 horse-power, 4.8 horse-power at 50, and 5.3 at 65
horse-power, the total friction increasing perceptibly, as assumed
by De Pambour, but decreasing in percentage of load, from 16 to '
7.5, between 20 and 65 horse-power. It is very nearly constant
throughout the whole range of power that the engine would be
worked under ordinary circumstances, and may be so taken
without serious error; while the adoption of the Pambour
formula would give a value of /' so small that its use would not
be attended, ordinarily, with sufficient increased exactness to
compensate for the additional trouble involved in its application.
At their rated powers the two engines thus exhibit efficiencies
of mechanism of about 94 and 90 per cent., respectively.

The second series of experiments were made* during the latter
part of last college year, confirming the deductions already given,
while some very interesting and original modifications were made
in the details of method and trial. The engine taken for test was
a machine recently built and sent to the Cornell University for
purposes of experimental investigation in electrical measurement
and other work of the college. It is an engine 7 inches in diam-
eter of cylinder and 12 inches stroke, or, more exactly, 6} inches
in diameter ; the cylinder having been bored slightly under size.
The general plan of the engine is similar to the first of those already
described, and, like that, is carefully designed with a view to re-
ducing friction to a minimum, and giving a regulation of maximum
efficiency. The brake was precisely like that used in the first de-
scribed experiments, and was built for the engine constructed in
the college workshops, under the direction of the inventor, and
exhibited at the Centennial Exhibition in 1876. It was construct-
ed by the Straight Line Engine Co., and adapted, with very little
alteration, to the new engine. The indicators were carefully
standardized and put in good order in every respect, by the
makers, for the purposes of these investigations. The reducing
mechanism used in connecting the indicator barrel to thecross-
head of the engine was designed and built by the observers, and
fitted with a very firm connecting.arrangement, and with an in-
genious detaching device. A sector was constructed which was
pivoted above the cross-head, and hung in the vertical plane above
the latter, the engine being horizontal. The arc of the sector car-
ried a pair of steel ribbons, one attached to each end, each carried

* By Messrs. W. A. Day and W, H. Riley, at Cornell University.
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around the arc and secured, at its opposite end, to the end of a
bar fastened on the cross-head, in such manner that, the two ends
of the ribbons at the cross-head bar being well secured and tightly
drawn up, by means of screws placed conveniently for the purpose,
all back-lash was prevented, and an absolutely exact synchronism
of movement of indicator line and cross-head was obtained. The
engine was driven at 285 revolutions per minute, and it was
therefore very important that this rigidity of connection should be
secured. A smaller sector at the upper part of the larger one was
the carrier of the cord, and the combination was thus a perfect
means of reproducing the motion of the engine on the smaller scale
required in working the paper barrel of the indicator. The ¢ cord ”
was piano wire, a material much less liable to cause difficulty by
stretching than any other that was available. Its free part was
kept taut by a “spiral” (belical) spring, attached beyond the
point of connection with the paper cylinder.

In the first of these experiments, as already described, Thomp-
son indicators were used ; in those about to be considered Crosby
instruments. It washoped that the new Tabor indicator could be
used also, but none were received in time. The instruments used
worked perfectly, and gave no trouble from beginning to end.
The speed indicators were of several kinds. Hand instruments of
two or three kinds were used to check the records of the auto-
matic instruments. A “ tachometer ” was attached and belted to
the engine shaft, and afforded a very convenient means of watching
the momentary fluctuations due to variations of load, of steam
pressure, and of accidental disturbances. A chronograph was also
attached, connected with the standard clock in the physical lab-
oratory, to beat seconds. A commutator was placed on the
engine shaft, making contact at each revolution, and a key near
the engine, for the purpose of breaking contact. A Brown mer-
cury speed-indicator served excellently well for a constant speed-
indicator. It exhibited instantly any variation of speed from the
normal. The chronograph was set in operation when the indicator
cards were taken, and thus gave the exact speed of the engine at
that instant. Great care was taken to keep the instruments, and
the engine as well, in good order and well lubricated throughout
the series of experiments. Some stiffness of the governor, how-
ever, the cause of which was not discovered urtil after the work
had been completed, caused it to work less perfectly than in the
engine first used, and the speed varied more than in that series of



94 ON THE FRICTION OF NON-CONDENSING ENGINES.
determinations. When the governor was in its most perfect ad-
justment, the engine was capable of holding the standard speed
within a fraction of one revolution throughout a wide range of
work, and nearly down to the lowest power that such an engine
is at all likely ever to be called upon to supply.

~1-H-p=20.8460-

\"'H'R"

1087234

Fia. 19.

The mean effective pressure required to drive the engine alone,
loaded and unloaded, throughout the whole range of the trials
here made, was 4.55 pounds Jper inch of piston, and was nearly
constant, as in the first investigation. The steam pressure usually
ranged between 65 and 75 pounds per square inch at the steam
chest, but, when it was desired to secure a card to be more easily
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worked up, the pressure was dropped to 20 pounds. A series of
special experiments made to determine the question whether the
friction of engine is variable with boiler pressure, although notin all

\\ \
\ -i-H-p=s2485- -
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Fia. 20.

respects satisfactory, indicated a slight increase in engine friction
as steam pressures rose. The conclusion already arrived at by the
writer, as dedaced from the work previously done, that the engine
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friction in this class of steam engine is constant, or sensibly so,
under all loads is thus here again confirmed. The following are
the data obtained, arranged as before, to exhibit the relations of
the indicated to the dynamometric power :

1. 2. 3. « s 6. 7. 8.
. v. per Brake Power. Ind. H. PPIL. A . . ct.
Ii“;rgf lﬁinuﬁee. St. Press. H.P. : I per!c{m'clf’I D“{l.l‘ll’r.{d Mﬁ:&f ! pg'ﬂ cent

1 282 19 0 | 2.26 2.26 3.70 100
2 288 65 4.87 ! 8.43 8.56 5.56 42
8 266 66 7.61 | 10.95 | 8.38 5.25 30
4 284 65 10.80 12.98 2.89 4.18 - 20
5 25 71 18.10 15.99 2.61 4.25 18
6 284 76 15.80 18.79 2.99 4.1 16
7 284 4 18.55 20.78 2.65 ' 4.18 12
8 280 67 21.00 28.73 2.73 4.37 11
9 279 65 28.61 25.96 2.83 8.7 9

10 20 | 26.89 20.95 2.86 5.88 11

11 280 l 2 29.08 32.22 3.19 5.15 10

The first glance at column 6 or at column 7 of the above table,
in which the horse-power absorbed by the friction of the engine,
and the mean effective pressure corresponding to that power are
presented, shows that, as already concluded, the resistance of this
class of engine at constant speed, is practically constant at all loads,
and that the differences and irregularities observed are due to acci-
dental causes. The variation of speed recorded here is in some
cases due to differences of steam pressure, partly purposely pro-
duced, and partly coming of the fact that it was necessary to take
steam as it could be obtained, and was impracticable to secure
steady pressure, and in other instances was due to the fact, after-
ward discovered, that the governor had been adjusted in such
manner as to be slightly cramped, and thus deprived of its won-
derful sensitiveness and accuracy, as exhibited before this defect
had been introduced, and after it had been remedied. Chrono-
graph records, made later by Professor Authony, exhibit the
most extraordinary smoothness.

These variations of speed served the useful purpose of calling
attention to the fact that the engine friction varied, at constant
load and speed, with variation of steam pressure, and to a very
noticeable amount, within the usual range of pressures met with
in practice. It is seen that, in rising from 19 to 76 pounds steam
pressure, the pressure demanded to give the engine its normal
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speed unloaded ranged from below 4 to above 5 pounds per
square inch of area of piston, the pressure required in the cylin-
der rising, on the whole, though irregularly, as steam pressure rose.
In order to determine whether this, which might prove to be a
hitherto unobserved law, were true, the following data were ob-
tained by a series of experiments made for the purpose of set-
tling this new question.

:
W0.9] Rev. |St.Press.| I H.P. |Mean Press.| Yean F. ‘Pegrfg:%
1 | 250 25 6.01 | 10.84 | 1.95 18 |
2 | 2m 39 6.52 | 10.85 | 2.71 27
AE-IRE AR S AN
. 1. 3.59° | 81

5 | 271 | 58 681 | 1128 | 816 | 28 |} Tenboundson
6 | 289 ] 7.85 | 12.25 | 4.65 88 ! :
7 | 286 68 .77 | 12.25 | 4.90 40
8 | 283 77 7.88 | 12.47 | 8.74 38
9 | 208 82 7.87 | 12.00 | 4.68 39
10 | 275 bi 2.10 3.46 | 846 | 100
11 | 27 66y | 1.995| 8.22 | 8.22 “
12 | 2m1 44 1.708 | 2.78 | 2.78 “
12 | 2% 35 1.1 2.80 | 2.80 « No load on the
14 276 80 1.618 2.64 2.64 « brukes.
15 | 21 25 1.876 | 3.11 | 8.11 “
16 | 270 19 1.724 | 2.88 | 2.88 “
17 | 27 15 |1.712 2.86 | 2.86 “ ij

In the first set of experiments, here numbered 1 to 9, inclusive,
the weight on the brake arm was kept constant at ten pounds;
in the remaining experiments all weight was removed. In both
sets, the same general effect is seen. As the steam pressure rises,
the speed being the same and the resistance the same, the fric-
tion of the engine increases ; from 2 pounds, .at 25 pounds press-
ure in the steam chest, to nearly five pounds per square inch of
piston at the maximum, 82 pounds steam in the valve-chest. As
the steam pressure fell from this point to 15 pounds, in experi-
ments 9.to 17, the load being thrown off entirely, and the speed
being nearly constant, the mean pressure, measuring the friction,
of engine, falls again below 3 pounds per square inch of piston.
The difference is considerably less in the last series than in the
first ; which apparent discrepancy is accounted for by the fact
that the variation of steam pressure in the first series was ac-
companied by a greater change of speed of engine than in the
second. The resistance is seen to increase slowly, therefore,
with increase in speed of rotation. The effect of change of press-

7
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ure is, in these cases, more marked than that of alteration of
velocity of the engine.

The accompanying illustrations show the apparatus and exhibit
the facts revealed by the investigations which have now been
described better than can the text. Fig. 15 shows the method of
attaching the indicators, with an elevation of the engine cylinder
and section at the cross-head ; Fig. 16 exhibits the same arrange-
ment in plan ; Fig. 17 gives an euvlarged view of the reducing
mechanism and attachment to the cross-head; Fig. 18 is an out-
line plan of engine and surroundings, exhibiting the location of
instruments; and Figs. 19 and 20 represent characteristic dia-

20
LINE [TOo C ;
THE FRICTION OF THE ENGINE UNDER VA~ z
. RYING LOADS, 3
Fig. 21 g
c
E]
FNG.BY AMBANK ¥OTR CO. 0 m
10 13 20 B 80 83 40 S 80

NET HORSE POWER

grams obtained by means of the indicator, showing the varia-
tions of steam distribution with variations of load on the brake.
All these illustrations refer to the work of later date. TFigs. 21
and 22 are given to exhibit the method of variation of mean fric-
tion pressures with variation of load, the variation of the per-
centage of friction resistance as a fraction of total resistance with
varying loads, for the last investigation ; and, for comparison, the
same ratios, as obtained in the work done at the American Insti-
tute Exhibition, are given in Fig. 23. These last curves are seen
to be approximately hyperbolic ; while the first given is a straight
line. The originals of these curves were carefully plotted by
Messrs. Day and Riley, from the records of original observations,
and beautifully represent the laws which it was the object of
these investigations to reveal and establish.

After a survey of this work, it may be asked, How does it
happen that rise in steam pressure produces evident increase of
the frictional resistance of the engine? It was long ago shown
by the writer, and is now well established by many independent
investigations, that, with good lubrication, increase of pressure
on a journal gives decreased co-efficients of friction, and this
would seem to show that the friction of engines in which the
resistance caused by friction is mainly due to journals and lubri-
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cated surfaces, should become less as pressures increase, the
useful load and the speed of engine remaining constant. This
query is a very natural one, and is based upon a correct state-
ment of fact, however inconsistent it may seem to be with the
results above derived. The cause of the apparent discrepancy is
sttributable, probably, to the variation produced by the action of
the governor in the distribution of steam. It will be seen that

D

NET HORSE POWER
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the effect of incrense of steam pressure is to cause acceleration uf
speed of engine, a change essential to produce the action of the
governor at all, and that it results in the readjustment of the set
of the valve in such manner as to cause the greater proportion of
the nearly constant amount of work performed to be done more
nearly at the commencement of the stroke, at a point in the orbit
of the crank-pin at which the work is mainly lost by friction, and
to reduce the proportion of total work done at or near the “ half-
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center,” where it is principally useful. The proportion of useful
to lost work is thus varied in such manner as to give a mean
final result which is the less favorable as the steam pressure is
higher, and the cut-off shorter, giving a higher ratio of expansion.
It is also evident that, if this explanation is correct, the difference
here noted will be less as the point of cut-off approaches and
passes the half-stroke position of piston and cross-head. Could
the valve be set with negative lead for all positions at the point
of cut-off, as is considered right by some experienced engineers,
the work would be more nearly performed at positions removed

NOLLOIHS

0 8 16 u ) © "] %
HORSE POWER
from the “dead points,” and the variation here described would
be thus reduced, while the efficiency of the engine would be
increased.
Professor Rankine proposed the formula,

R=R(A-f). . .. ... (@

This formula is evidently inadmissible, at least for the class- of
engine which was made the subject of the experiments which
have been here described. Since the friction of engiue is, so far
as can be here seen, sensibly independent of the magnitude of
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the load and of the resistance produced by it, the correct formula
would seem to be :

R=R +R,. ... . ..(3

the total resistance met at the piston being the sum of the resist-
ance of the engine itself and that of the load, both being deter-
minable, both being independent, and being governed by entirely
different laws.

The conclusions to be drawn from what has preceded are
obviously the following :

(1) The friction of the non-condensing engine, of the class here
described, i8 sensibly constant at any given speed, at all loads,
and is at different speeds entirely independent of the magnitude
of the load.

(2.) The friction of engines, of the type described, is variable
with variation of speed of engine, increasing as speed increases,
in some ratio as yet undetermined, but probably different with
every engine, and, for the same engine, with every change’of con-
ditions of operation.

(3.) The friction of engines increases with increase of steam
pressure, in the case of the class here referred to, in a probably
similarly variable manner with that observed with alteration of
speed, neither method of variation being capable of representation
by any convenient algebraic expression.

(4.) The total resistance, measured at the piston of the engine,
is composed of two parts, the one sensibly constant at the work-
ing speed, the other variable with external load, and may be, for
practical purposes, at least, represented by the expression,

R=R —-R,

in which R is the total resistance, as shown on the indicator
diagram, 2, the resistance due to the external load ; e. g., as meas-
ured by a Prony brake, and 2, the resistance of the unloaded
engine, as shown by a “friction card” taken with the steam-
engine indicator. .

It is sufficiently obvious that these couclusions are, at present
atleast, only certainly applicable to one class of engine. It is
ot improbable that the condensing engine may be subject to
quite different laws. It is to be hoped that this question may be
settled by direct experiment at an early day. The cuslom has
obtained, hitherto, of allowibg a certain pressure per square inch
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of piston as the equivalent of the friction resistance of the engine
in marine practice—this pressure being taken at from 2} pounds
in the case of engines of moderate size, to 1} with the largest
engines. It has never yet been ascertained whether, or to what
extent, the friction of engine is augmented by the imposition of
load. The assumed figure represents from 5 to 10 per cent., usa-
ally, of the total indicated power of the engine. Isherwood has
taken 71 per cent. of the useful load as the amount of increase of
friction of engine due to its action. This estimate is stated to be
made on the basis of the data given by General Morin, whose co-
efficients for friction of lubricated surfaces are now known to be
enormously larger than those customarily met with in practice in
well lubricated journals of large size working under heavy press-
ures. In such cases, when the surfaces are in good order, the co-
efficient is known to fall to below 1 per cent., instead of being from
3 to 5, as given by Morin, as determined under the different con-
ditions of his experiments. Where the journals are not well
lubricated, and especially when they are rough or cut by abrasion,
friction may increase enormously and may pass far beyond the fig-
ures given by Morin even ; but such exceptional conditions can-
not be taken into account to establish laws for application in
design, or in good practice. For all cases in which the friction
varies, as in the examples here above illustrated, the “friction
card” sensibly represents the correct tare, whether the engine be
loaded or unloaded.

A word in explanaticn of the fact here shown, that the increased
load thrown upon the shaft, crank-pin, and cross-head journals
does not noticeably increase the friction of engine, will be consid-
ered not out of place here. The friction of engine consists of the
resistances due to the motion of the various piston, valve, and
other rods through stuffing boxes and in guides, the friction of the
piston rings on the cylinder surface, the friction of eccentrics, and
often other parts, which are independent of the magnitude of the
load thrown upon the engine by the useful resistance, in addition
to the friction of the journals transmitting the effort of the steam
to the exterior resisting work, and of the cross-head guides and
other parts indirectly affected by its variation. It thus happens
that the resistance due to the friction of the latter may be, and
often is, but a small proportion of the whole friction of engiue.
The total friction of engine, as has been seen, in engines of the
class here studied, and of the sizes described, amounts to about 10
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per cent. of the total power developed when fully loaded ; but the
coefficient of friction of any one journal, if well lubricated, has
been found by the writer, by hundreds of experiments, under such
pressures as are usual on the main journals of the steam engine,
to fall below 1 per cent., and the absorption of work and energy is
thus a still lower proportion of the work of the steam in propor-
tion as the speed of rubbing is less than that of the piston. The
loss of power along the line of connection ‘is thus exceedingly
small. It should never exceed probably 2 per cent. of the work
done, or between 10 and 20 per cent. of the total friction. Again :
the coefficient of friction, within the usual range of pressures on
these journals and the guides, with good lubrication, increases
rapidly as pressures fall, and decreases as greatly when the press-
ures increase with variation of engine power and load, and this
often occurs so rapidly that the total frictional resistance, on these
parts, even, varies very slowly with variation of load; while the
friction of the other portions of the engine, above mentioned,
remains quite constant. The resultant effect is, as shown by the
investigation here described, a practically constant friction of
engine under all loads, the speed and steam pressure being con-
stant. Whether this is true of condensing engines is doubtful,
and it would be an important extension of this research could
similar investigations be made of the friction of other forms, and
especially the marine steam engine and pumping engines.

DISCUSSION.

Mr. George II. Barrus.—Prof. Thurston’s paper touches a very
interesting and important subject, and furnishes a valuable contri-
bution to steam-engineering data.

I wish'to offer some figures obtained on my tests of a 45 HP.
Westinghouse engine running at a speed of 850 revolutions per
minute, which gave results of a similar character. .

The indicated horse-power developed by the engine, when run-
ning unloaded, was 6.1 HP. The difference between the brake
HP. and indicated HP., when the latter-was 44.5, was 6.1.; when
the indicated HP. was 34.6 the difference was 5.6, and when the
indicated HP. was 25.8 the difference was 6.3. :

The following table presents similar results obtained on a Corliss
engine in France, reported in the Bulletin de la Société Industrielle
de Mulhouse, December, 1878 :
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Hg:cha;:ger. Hur?eni’?wer. Difference.
Unloaded .......c.covviiiiennnnnnanns 12.2 0. 12.2
Loaded..............ccoiiiiiiiinnnn 72.8 60.4 12.4
Do, i e e e i 101.9 89.7 12.1
Do, i e e 119.5 106.0 13.9
Do, e i 133.8 121.5 11.9
o T 145.4 133. 12.4
Do. oiviiiiiiiiiiias PR 158.4 144.8 13 6

Prof. R. H. Thurston.—Two or three points come up in the
paper here which are of particular interest to me. One is the vari-
ation of the friction-resistance with speed of engine. In this in-
stance it was shown very clearly that as the speed varied the resist-
ance varied, and the variation of total resistance of engine was, in
such cases, greater than the variation due to the imposition of the
load ; that is to say, speeding that engine up, under a constant
load, from 275 to 300 revolutions, an appreciable increase of resist-
ance would occur, of such importance as might mnodify the commer-
cial economy of the engine to a very observable extent.

Then another thing came out : that the method of distribution of
steam affects the friction of the engine vastly more than the mag-
nitude of load. Assuming the two cases again for comparison : we
take a friction card from the engine; then take a card with full
load, and we do not find very much difference; we may even find
the friction in the second case smaller than in the first. Now, if we
drive the same load with low steam, and again drive the same load
with high steam, we at once produce a difference in the method of
distribution of steamn in the engine. In the first case the mean
pressure approximates more closely to the maximum pressure.
We carry out the boiler pressure farther in the stroke; we cut off
‘““longer’’ than in the other case, where, with high steam pressure,
we cut off short, and expand very considerably, and get a greater
difference between the maximum pressure in the cylinder and the
mean pressure. In these two cases we find a marked difference in
the amount of friction in the engine. With low steam, the fric-
tion of engine was very considerably less than with high steam,
and I have presumed this difference to be accounted for by the
fact that where we carry a high steam pressure and cut off short,
the high pressure takes effect on the engine as it passes—or very
soon after passing—the centers, and while the crank is sweeping
through a large arc, and a considerable amount of work is done in,
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friction, while a small amount is done in actually moving the load.
Thus, by that method of variation we may change the method of
distribution of friction of engine, and change its gross amount to
suich an extent that there we may find that, by carrying high
steam, we may go beyond the point that represents maximum
economy, by the simple fact of introducing this wide variation of
steam pressure.

I would add to this the suggestion that members may find it
of interest to note the point which it is desired to bring out with
special clearness: that in every engine the friction of the engine
does not consist solely, or even in large part, of the friction of
rotating parts and that produced by pressure upon those parts; it
consists of friction at several points varying in kind, and in
method of variation, or in law, and it is the sum of these that we
measure up when we take a friction card from an engine. Now,
some of these are absolutely constant. The friction of the piston
rings against the interior of the eylinder is often a very considerable
proportion of the total friction, and that friction, where there is no
leak past the rings, is probably constant under all loads, but perhaps
not at all speeds. The friction that varies with a load is simply the
friction of journals under pressure due to the load. For example,
the main shaft journals not only carry the weight of the fly-wheel
and the pull of the belt, but also a certain amount of pressure
dne to the transmission of work through them. The c¢rank-pin
takes a certain amount of friction due to the pressure of the crank-
pin, due to the connecting rod operating on the journal, and that

of course will change in magnitude with variations in load ; and the
same is true of the wrist-pin at the cross-head. DBut all the other
journals of the engine, and all the other parts of the engine that
move, are subject to other laws, simply because they do not transmit
load. So that it is extremely possible that all these other frictions
taken together may have a constant value under all conditions;
while the other quantity which De Pambour mentions, is a quan-
tity which, if measured, we find to be comparatively small ; and in
8 well-proportioned engine, one with parts well lubricated, you will
find that the friction of the main shaft journals, the friction of
the crank, the wrist-pin and the slides, taken together, make a
comparatively small fraction of the total friction of the engine.
Consequently we might have—assuming that friction to vary as
ssumed by De Pambour, and by writers subsequent to him—
we might have a variation under that law that nevertheless should
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not affect the total friction so greatly as to become practically im-
portaut. Now, the fact is, that although this friction does exist,
when we put more load on the engine, increasing the pressure
on all these journals, the coetlicient of friction goes down while the
pressure goes up. The coefficient decreases continually and tends to
reduce the total friction, and the result of these two variations in con-
trary directions is to produce such an effect, that it was supposed by
one gentleman who has spoken to me about it, to result in a neu-
tralization of the two opposing elemnents, and in constant frictional
resistance under these variable conditions as to pressure and load.
The fact is, usnally, that an increase of total friction does occur to
a slight extent: that is to say, the decrease of the coeflicient of
friction does not occur to so great an extent as the increase of
pressure, and consequently there is a slight, and in these cases, a
variable amount of added friction in consequence of the increase of
load on the engine. It is easy to see that such cases may arise, and
that the increased friction of engine, due to this varying load, may
be overlooked entirely in our treatment of the engine, and the en-
gine of a particular make may show that assnmption to be a perfectly
fair one; but it does not follow that this would be true of another
engine that we may not have experimented with. I presume it is
true for condensing engines, where we are handling a large amount
of water subject to the laws of fluid resistance. .

Mr. Win. Kent.—It seems to me that experiments in the direc-
tion of reducing friction ought to be largely in the direction of
trying to reduce the friction in the cylinder; as we have now de-
termined that in these engines at least the friction is a constant
quantity, the probability is that the largest portion of that friction
is due to pushing the piston through the cylinder. I think experi-
ments should be made in the direction of reducing that friction by
determining the kind and size of rings and the method of pressing
out these rings. '

Mr. Geo. I. Alden.—1 would simply say that this question was
considered at the Free Institute at Worcester by one of the students
in the last class, and the results, so far as we could judge of themn
from the limited experiments made, were in the same direction,
namely, that the friction was substantially constant with the varions
loads.

Mr. 4. R. Wolff.—It seems to me that the general practice of
engineers in the measurement of power is of itself testinony to the
general correctness of the fact that with the same initial pressure
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snd the same rate of revolution, the friction of engine is almost
independent of the load that is put upon it. Of course in the
measurement of power it is & common practice to take the card
with the engine loaded, and afterwards to take the *friction
card ” with the sume initial pressure and the same rate of revolution.
If there were any great variation in the friction of engine, if loaded
or not, or if it had been considered of late years that any great
variation existed, it seems to me that the course of power measure-
ment ordinarily pursued would have been entirely unjustifiable.
But on this very account I consider it of importance and value that
we have had special experiments made by Prof. Thurston exactly
Jn that line to corroborate the practice which has existed in the past
few years.

Mr. H R. Towne.—There is one point which Prof. Thurston’s
remarks on the difference in the distribution of steam suggests to
me; there will probably be a very considerable difference in the Ju-
brication of the main journals, in one case, under constant conditions
of pressure, and, in the other case, subject to intermittent conditions
of pressure. In the latter case there is a liability to partial or com-
plete expulsion of the lubricant from between the two surfaces’
during the moment of high pressure, and a probable increase,
therefore, of the sum total of friction beyond what there would be
in the previous case.

Professor Thurston.—1 presume, Mr. President, that the effect
of a variable compression would be to modify somewhat the dis-
tribution of frictions in the engine, and the final result; but, from
the fact that in this whole range of experiments we have not been
sble to produce any appreciable variation in the total friction of
engine, I should say that that change, whatever it might be, wonld
not be an important one. It is a matter that should be deter-
mined by direct experiment. I do not feel able or willing to say
positively what would be the difference in the two cases. I should
pethaps expect that a variable compression would produce a
variable friction ; it might be studied in comparison with another
form of engine. It is a matter that cannot be scttled positively,
except by direct experiment made especially to determine that
point.

In regard to another case, that where a balanced valve is used, of
course it does to some extent make a difference in the character of

the friction and its magnitude. With an unbalanced valve, or a
partially balanced valve, such as we had here, the total friction of
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valve is less of course in the case of the balanced than of the unbal-
anced valve, but the nature of the friction is precisely the same;
and so far as the law of variation of engine is concerned I imagine
the fact is not important. If it has any importance, it is in the di-
rection of the production of constancy of friction under all loads at
a constant speed and still greater variations of friction under all
variations of steamn pressure. I have not much doubt that the frie-
tion of the common slide valve, as ordinarily operated, is an appre-
ciable quantity in measuring up the total resistance of engine.

I said that the law of the condensing engine might be, and that
I presumed it would be, different from that of the non-condensing
engine, referring, of course, to the ordinary forms of condensing en-
gine. Where there is an independent air, or circulating pump, I
should expect that the engiune itself would go on about its business
without really being aware whether it had a condenser or not, and
would be subject to the same laws as any non-condensing engine ;
but, actually, the friction of all these details should be taken in as
a part of the friction of the engine. Those parts certainly will.
be subject to those laws which govern resistance due to motion of
‘fluids and the introdunction into the engine, whether by an inde-
pendent system or by au attached system, of air pump or circulat-
ing pump, would introduce these new resistances—resistances fol-
‘lowing different laws from those found in the non-condensing en-
gine ; and I should expect, there, that the law of flaid friction, the
resistance varying as the square of the velocities through the pipes
and through the valves, wonld become so important a matter as to
produce a difference that would be quite perceptible in the method
of variation of total resistance. We know that the load upon an
ordinary condensing engine, in the operation of its own air pump,
and of its circulating pump, is a very severe tax; it is a quantity
which must be variable with speed of engine. With constant
speed of engine under variable load, as in a stationary en-
gine driving a miil, and subject to the action of the regu-
lator, you would have another variation due to the fact that
with the same apparatus, the sane set of valves, the same punps,
the engine is using different quantities of condensing water, and
consequently the rate of flow through the pumps and pipes is -
continually varying. If one-hali the power is used, one-half the
amount of condensing water will pass through this systemn ; and
that means half the speed of flow through the pipes and pumps;
and that means one-qnarter as much resistance due to their fric-
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tion. Thus,although the direct train of mechanism from piston to
crank shaft would be subject to exactly the same laws as in the
other case, the machine as a whole, in which we should include air
pumps and circulating pumps, whether independent or not, would
be subject, I presume, to a different law, and to a law which
would, perhaps, be more exactly expressed by De Pambour’s state-
ment,

Mr. John T. Hawkins.—In the experiments given, it wounld be
well, I think, if they were extended so as to cover some of the
varying conditions under which such engines run, both in practice
and under experimental tests, such as these, which would, I think,
be somewhat likely to modify the results obtained.

It wonld appear probable, for instance, that the action of the Prony
brake, when applied with the arm in the horizontal position and its
effort vertically downward, would be to lift the main shaft in its
bearings as the load is increased, and thus diminish the friction in
its journals ; and, in fact, this action ef the brake might be such as
to cause, not only an entire release of pressure of the shaft upon the
lower half, at a certain load, but to cause pressure upward at a still
greater load. With the brake-arm vertical, and its effort exerted
horizontally at the end of the arm, the result of increased load
would be to increase proportionally the horizontal pressure in
these same journals without affecting the vertical pressure. Some-
what similar varying conditions might, I think, possibly result
from main driving belts leading in different directions, vertically
npward or downward, or in horizontal directions, or ,at certain
angles. This, however, is not so clear.

Again, it is very certain that the friction of the cross-head
guides is no very insignificant fraction of the total friction of a
horizontal direct-acting engine; and equally palpable that, where
an engine is ranning under—in which case the pressure upon the
guides due to the angularity of the connecting rod is upward—the
friction due to the weight of the parts must be obliterated before
any pressure will be exerted upon the lower side of the guide; in
other words, the weight of the parts compensates to that extent
for what would otherwise be friction on the under side of the
guides ; while, if running over, increase of load would increase the
friction at the guides proportionally to the pressure on their upper
side.

It would, therefore, appear to be certain, for instance, that, in
in engine running under, and in which the power was absorbed by
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a Prony brake with horizontal arm, the friction of the load would
vary in a different way from one in which it was run over with the
brake-arm vertical. The quantity by which it would be varied by
these conditions can hardly be so insignificant as to warrant their
being neglected in any investigation of this kind, but is probably
of sufficient magnitude to render the first conclusion incorrect for
oue, if correct for the other set of conditions; although the figures
in column 6, on the fifth page of this paper, varying, as they do, from
2.06 to 5.78 HP., do so sufficiently and irregularly enough, per-
haps; to include as much or more than would come from the-con-
ditions above described. For the above reasons, therefore, I am
inclined to believe that the conclusion No. 1 of the paper would
not be substantiated under more exhaustive experiments, although
qualified as it is by the word * sensible,” and that we could hardly
expect to set aside Pambour’s long-accepted conclusions without
more exhaustive experiments covering all such variations in the
circunstances under which the engines run, as I have attempted to
explain.

Prof. I2. H. Thurston.—Referring to the remarks of Mr. Hawkins
calling attention to the effect of the brake in adding to the pressure
on the main journals, and thus influencing the results of the tests
as reported, I would simply suggest that a quantitative statement
be worked out, of the precise amount of this effect for the case re-
ported. It will, I think,be fonnd that the pressure to which he calls
attention amounts to but one pound to the horse-power, and when,
as is usual in all my work or work done undet my instructions, the
load is measured by the action of the end of the brake-lever upon
platform scales, the effect is simply to counteract more or less com-
pletely the weight of the brake-strap on the pulley, and that the
net effect is too utterly insignificant to be noticed. Even where
the brake-lever pulls upward on a spring balance, as is often the
case, the effect is too minute to atfect such results as are here re-
ported. Were the effect observable, it would produce a change in
the direction indicated by De Pambour, and the absence of such
observed effect is simply more strongly corroborative of the con-
clusions obtained from the trials described in the paper. With
such proportions of brake as were here used, and with such as are
customarily employed, no such action as is suggested by the last
speaker would ever be in the remotest degree approximated. The
position of the brake-arm and the weight acting at its end are of
no importance whatever here. The action, or the results obtained,
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would not have been affected observably, I am sure, by any change
in position of brake-lever.

I should expect the same to be true of the action of friction on
the guides. The weight of parts, and the friction there, are too
small in amount, too insignificant, to affect the final results appreci-
ably, no matter whether the engine runs “ over” or “ under.” It
must be remembered that the friction there is never, in well-pro-
portioned and well-lubricated engines, more than a small fraction-
of that supposed by De Pambour; instead of five per cent. or
something like it, as has been assumed by those who have accepted
Morin’s coefficients, it is, or ought to be, in all cases of smooth-
running and well-oiled surfaces, inside of one per cent.; while the
pressure at that point is a very small fraction of the piston pressure,
unless the length of rod be extraordinarily small. In the engine
on which this work was done, the rod was of good length, and the
surfaces as frictionless as possible. Again, about all the engines in
use run “over,’ as did this engine and, even were the results
likely to be affected by such difterence of adjustment, the conclu-
sions here obtained would probably be applicable to ninety per cent.
of all such engines in use—perhaps to ninety-five, or more, per
cent.

While I agree fully with the speaker in thinking that we should
derive great advantage, as I have myself snggested, from extended
and repeated investigations of this kind, I doubt, I entirely dis-
believe, that the conditions to which he calls attention will be
found to atfect the conclusions already reached, to any important
extent.

Since writing® the paper which has been presented to the So-
ciety, my attention has been attracted to a paper by Professor
Robinson, in the first volume of the Transactions of the Society,t on
the “Efficiency of the Crank,” where I find a discussion which
bears directly upon the question of variation of engine friction
with change of load at normal speeds, and confirms the snggestion,
made by me in the paper referred to, that the reason of the varia-
tion of friction exhibited with change of steam pressures, while no
such variation is observable with varying loads at constant press-

ure, may be partly the difference in method of distribution of

work in the cylinder. It was suggested that the concentration

# Contributed after adjournmeht, under the rules.
t Vol. L, p. 231, Trans. A S. M. E,
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of the work at the beginning of the stroke, at the higher pressure,
and its distribution more completely throughout the stroke at low
pressures, may be one cause of the peculiar behavior noticed.

On consulting Profe:sor Robinson’s paper, page 9, a table will
be found giving the efficiency of the crank, <. e., the percentage
of work passing it, and the proportion of work absorbed by it at

“various expansions. Taking the value of the coeflicient of friction
at one per cent. which the writer has stated in the original paper
on friction of engine to be probably a fair maximum figure for
machinery in good order, and for average pressures and lubrication,
that table becomes the following :

EFFICIENCY OF CRANK.

Values of 4 ;ra-
g 0.1 02 03. 04. 0. 1.0.
L N
‘ 0.0047 | 1 — .0094 | 1 — .0141 | 1 —.0188 | 1 —.0285 | 1 — .0471
I .0044 | 1 — .0089 | 1 —.0138 | 1 —.0177 | 1 —.0222 | 1 — .0444
.0042 | 1—.0085 | 1 — .0127 | 1 — 0170 | 1 — .0212 | 1 —.044

.0040 | 1 — .0079 | 1 — .0119 | 1 — .0159 | 1 — .0198 | 1 — .0397
L0038 |1 — .0075 | 1— .0113 | 1 — .0151 [ 1 — .0188 | 1 — .0877
.0033 (1 — .0066 ; 1 — .0099 | 1 — .0133 | 1 — .0165 | 1 — .0831
.0081 [ 1—.0061 | 1—.0092 | 1— .0128 | 1 — .0163 | 1 — .0807
L0031 | 1—.0061 |1 — .0092 |1 — .0124 [ 1— .0154 | 1 — .0308
.0084 | 1 — .0067 | 1 — .0111 |1 — .0185 | 1 — .0168 | 1 — .0337
.0v32 | 1—.0062 | 1 — .0094 | 1 — .0126 | 1 — .0157 | 1 — .0814
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The above table, it should be noted, is prepared for the case of
the condensing engine, and the variation in the distribution of
work throughout the stroke, with varying expansion, is here very
much less than in the case of the non-condensing engine. The
variation of efliciency with change of steam pressures, in the case
actually studied, is thus more marked than is here shown. Never-
theless, it is seen that, in this case, even, the proportion of work
absorbed by the crank is very variable, amounting to about fifty
per cent. more at the shortest cut-off than at full stroke. The re-
A+a

2r
journals to the diameter of the circle described by the pin, or to the
stroke of piston. In short-stroke engines, as screw engines, its
value may be usually taken asabout 0.5,and in long-stroke engines,
as side-wheel marine engines, or mill engines, of slow speed of
rotation, at about 0.2 on the average.

lation is the ratio of the sum of the radii of crank and main
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It is interesting to observe the difference in the proportions of
work wasted on the crank in the extreme cases, as well as with
variation of steam distribution. The percentage of power lost at
the crank is small in all cases; but it is, even in condensing engines, -
ten times as great with the eungine of shortest stroke as with that
haviug the longest stroke in proportion to size of crank pin and
shaft. In the engine of longest stroke, it is but one-third of one
per cent. at common ratios of expansion ; while, in the machine of
shortest stroke, it is three per cent. The maximnum waste occurs
at a cut-off taking place at about three-quarters stroke. For allen-
gines of usunal proportions, it may be assumed that the loss at the
crank-pin should not exceed from two-thirds to one per cent., at
ordinary ratios of expansion. Probably the waste at the several
journals transmitting the pressure from piston to belt or driving.
wheel may be there taken at about three times that on the crank,
or not far from two or three, possibly five, per cent., and varying,
as shown above, with variation of the distribution of steam. The
whole variation is conparatively nnimportant, however, and less
than the writer would have anticipated. In non-condensing engines
the loss is greater and vastly more variable.

8
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is customary to gauge the water level aud depth of cut to inches,
and to set the buckets to cut six inches below the depth to which
the channel is afterward tested. So accurately is this done with
chain-bucket machines that vessels regularly pass with but a few
inches between their keels and the bottom.

The digging action of the chain buckets takes place in a manner
calculated to apply the power to the best advantage, the cutting
edges entering horizontally and then curving npward on a short
radius, so as to fill the buckets dnd retain the contents. They are
- also able to take off light cuts over large areas as efficiently as heavy
cute.

The entire apparatus is in equilibrium as to the weight of the
working parts, power being required to elevate the dredged ma-
terial only, and to overcome the digging and frictional resistances 3
whereas, in & dipper or grapple dredge the power expended in lift-
ing the bucket and its attachments is lost at every stroke. This
loss is quite considerable, and in a deep-water machine is frequently
equal to raising a weight of several tons to a height of 35 or 40 feet
at each lift. In regard to the expenditure of power in a chain-
bucket machine, it appears from indicator cards taken by the writer
from the engines of several machines, that about 226,000 to 353,000
foot-pounds or 6 to 10§ horse-power is required per cubic yard of
material actnally discharged when in effective work. Looking at a
single-bucket dredge in a similiar manner and working under sim-
ilar circumstances, it is found to take 106 revolutions of an engine
14 x 16 with 75 to 90 pounds of boiler pressure, to deliver one bucket-
ful of material of about 2} cubic yards. This at 30 pounds nrean
pressure in cylinder is equal to 1,305,920 foot-pounds or about 15.8
horse-power per cubic yard. These are actual examples, both work-
in tolerably yielding material, and in about 32 feet of water. Dif-
ferent cases will vary considerably ; but the writer thinks that,
under ordinary circumstances, it may be assumed, that a dredge in
which a single bucket is worked from a crane or boom, requires
about double the power for the same work as a well-designed chain
dredge.

It thus appears that the chain-bucket system is good in prinei-
ple, and also good in practice, as its extensive use testifies, notwith-
standing the mechanical difficulties to be overcome, in order to
obtain simplicity and durability. These difticulties are not, how-
ever, confined to this class of machinery exclusively. Those expe-
rienced in the operation and waintenance of dredging machinery of
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whatever kind, do not need to be told of the almost incessant re-
pairs made necessary by the severity of the duty, and by the wear
and tear produced by conditions which are favorable to the rapid
depreciation of the nachinery.

Gradually, and by costly experience, are the weak points elimi- .
nated and the efficiency increased, until a machine is produced
which can be counted on with tolerable certainty, to do the work
required of it. By such a process have the structural details of the
endless-chain machine crystallized into something like a system,
varied of course to svit different requirements. ]

In considering these details, the construction of -the chain of
buckets claims first attention. It is of obvious importance to keep
the weight of these buckets at' 8 minimum while retaining the re-
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quired strength. With many forms of chain, the tension caused
by its own weight constitutes so large a proportion of the total
working stress, that only a small balance is available for doing the
work. The degree to which strength and tightness can be com-
bined depends first, on the tensile strength of the metal employed,
and then upon a ekillful distribution of that metal. In the earlier
forms, many examples of which are still in use, the endless chain
cousists of a series of stout wrought-iron links connected by joint-
pins, the shell or body of a bucket being riveted to every alternate
tet of links. There are usually four links under and forming part
of a bucket, and two intermediate connecting links, the eyes of
which are bnshed with steel. Such a bucket and one of the links
are shown in Figs. 24, 25 and 26, which are drawn from actual
messurement, and may be taken as a fair example of an cxtensively
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used bucket. A chain of buckets constructed in this manner will
do good and rapid work in moderately yielding material, while
they can be kept at it; but the wear is excessive on account of the
small and roughly fitted bearing surfaces of the joints, and the
grinding action of sand and water. There being very little stiff-
ness to this kind of bncket the springing of the plates and hard
knocks tend to loosen the rivets, and about six months’ work suffices
to get the bucket ready for the repair shop.

Official returnis of the performance of an extensive dredging
plant in another locality shows, by a statemnent of repairs, the
average life of a bucket of the kind described above to be 146
days, of a connecting link 77} days, and of a joint-pin 102 days,
these being the average intervals of service before requiring re-
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moval for repaire. They will, of course, stand a limited number
of such repairs before becoming finally useless. A

With the recent development of the art ot inaking sound and
tough steel castings, new possibilities were opened up, and the
four links of a bucket are now made in a connected form of a
single steel casting, to which the top or body is riveted. A bucket
of this kind is shown in Figs. 27 and 28. The construction is
thus greatly simplitied, and much of the difficulty caused by the
shaking loose of a number of riveted parts is obviated.

More recently still it has been shown that the entire bucket can
be advantageously formed of a single steel casting. There still re-
mained, however, the destructive and costly wear of the bushes,
pins and links used in connecting the buckets. Increasing the
bearing surfaces and improving the standard of workimanship does
not remedy the evil, as the amount of metal worn away with a
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sand and water lubricant, is nearly the same ; but being distributed
over a larger surface, takes a little longer time, and it did not seem
to pay to put good work on joints which would not stay good.

In Figs. 30 to 33 is shown a bucket * of somewhat different de-
sign, but which follows out still further the direction indicated by
the previons example. In this bucket the endeavor is made to
combine the elements of lightness, strength, capacity and durability
to a degree not heretofore reached. Durability of the pin connec-
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tions is obtained by providing large wearing surfaces, from which
the sand and grit are excluded by a special form of self-cxpanding
packing ring.” These wearing surfaces are then lubricated by posi-
tive feed from a grease chamber formed in the bore of the tubular
joint-pin, and which is arranged to be readily charged from the
outside,

The bucket is composed of cast steel in one piece, with renewable
steel cutting edges and wearing surfaces, and so proportioned that
the safe working strength is in excess of the maximum tensior

* Patented.
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that can be applied, so that the body of the bucket is practically in-
destructible.

It will be seen on reference to Fig. 29, in which several buckets
embodying these features are shown in position upon the upper or
driving tumbler, that they differ frowm all others, both in general
form and in the fact that no intermediate links are employed to
to connect them, as they are coupled directly-to each other. They
are adapted to work on an improved driving tumbler, in which the
rear end of the bucket is supported by projections, forming an ex-
tension of the driving face of the tumbler. The links of the chain,

Seale, ®

in passing over the tumbler as commonly made in the form of a
simple polygon, were subjected to severe bending strains, caused by
the eyes of the links overhanging the corner of the tumbler. The
links thus required to be made of greater weight and 'strength than
was necessary to withstand the mere tension. Considerable wear
also occurred between the tumbler faces and the links; the corners
of the former becoming rounded and increasing the liability to
breakage of the chain. With the improved tumbler, having an ex-
tended seat on which the bucket bears for its whole width and
length, the bending stresses are reduced so that the principal stress
is reduced to a simple tension of the chain. The form of the
bucket also permits of an enormous tensile strain being provided
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for without unduly increasing the weight; as the whole back,
sides and bottom of the bucket, constitute a link of great strength,
and excellent form to resist both tensile and bending stresses.

It is of the highest importance to reduce the number of parts as
far as possible. There are few mechanical appliances which are ex-
~ posed to as rough treatment as dredge buckets, and it is conceived
that the best way to prevent them shaking to pieces, is to make
them with no pieces to shake.

The elevator system has always been an attractive one to in-
ventors, and the Patent Office contains the record of many curious
devices applied to dredging and excavating, some of which are
modeled after a flour-mill elevator, and many employing a pitch
chain composed of a multitude of small jointed links, with other
devices equally unsuccessful in practical work. Many of these
have never been heard of since, and sone, which have been heard
of, have by reason of the flimsiness of their construction, served to
extend the popular notion that an elevator machine may possibly
be made to dig sand or mud; but for stones and hard material is
entirely impracticable.

The writer believes this to be a misapprehension of the capa-
bilities of the system, as it has been successfully demonstrated
that *“hard pan,” slate, shale or other schistose rock can be
economically dredged from its natural bed with a properly
adapted chain-bucket machine. In dredging of this nature, the
principal work of the buckets is to break up the material, and for
this purpose they are made of great strength and fitted with steel
teeth of special form. The action thus resembles a series of pow-
erful pickaxes delivering rapidly repeated blows. It will be seen
that in work of this kind, a special advantage is derived fromn the
doubling of the buckets, that ig, constructing the chain wholly of
buckets, instead of half the number connected by links, the digging
effect being thus doubled.

Buckets for heavy dredging purposes, made entirely of cast steel,
were first nsed in this country, to the writer’s knowledge, about
four years ago, upon the works with which he was connected.

These have since been doing the severest kind of work, tearing up
shale rock from its natural bed in 30 to 36 feet of water, and in a
carrent of 4 to 6 miles per hour; and, with the exception of some
wear upon the renewable portions, are practically as good to-day as
at first.

There must inevitably be deterioration of the wearing surfaces
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of the buckets and connections, but while this is enormous with
the older forms, and appreciably reduced in the steel buckets re-
ferred to, by a judicious increase of bearing surface, it can only be
minimized by keeping the abrading substance out of the joints,
and supplying lubricant, as is done in the improved buckets shown
in Figs. 30 to 33, designed by the writer.

For the purpose of comparing the three forms of bucket which
have been illustrated, the following table of proportions and capa-
city is appended :

No.1. | No.2. | No. 3.
Maximum depth to which buckets can work .......... ft., 80 81 80
Number of bucketsin chain.........coovvveeveves iunn.. 40 84 46
Capacity of each bucket .. .............coiivunnn. ca. ft.| 12 15( 104
Pitchof each bucket .............coviiiiiienninnnns ins. 80 80| 89
Weight ot bucket-chain per foot run.................. lbs.| 480 28| 440
‘Weight of bucket-chain per foot of capacity.......... lbs.l 200 208 188
Total weight of chain................covviiiiainnen, tons| 43 471 29
Safe working tension of chain........ Ceeeeereereeaae, tons| 47 50, 45
Wearing surface of pin-joints..................... 8q. ins.| 81.5 42 5
Maximum pressure on pin-joints........... 1bs. per 8q. in.|3,840 | 2,660/1,340
Ordinary speed of buckets................ ... ft. per min.| 60 70| 180
Discharging capacity..................... cu. ft. per win.| 144 200! 416
Discharging capacity cubic yards per day of 10 hours..... 3,200 4,400|9,‘200

Nos. 1 and 2 being examples from British practice, it may be of
interest to give some further particulars respecting the vessels and
their performance.

The vessel referred to as No. 1 is 161 feet long, 29 feet beam,
and 10 feet depth of hold; and is fitted with the wrought-iron
buckets shown in Figs. 24 to 26. In one season of 2,694 working
hours, this machine dredged 323,760 cubic yards at a cost of
$9,987, or 3;§4 cents per cubic yard.

The second vessel is 130 feet long, 32 feet beam, and 10 feet 6
inches depth of hold. In the first six months’ work this machine
dredged 409,500 cubic yards in 139 working days, at a cost of
£9,309, or 2% cents per cubic yard. The naterial was mud and
clay with some gravel and limestone marl, with a considerable
number of snags and roots, and the cost includes wages, fuel,
stores, repairs and maintenance, but not towing or depositing the
material dredged.

It will be seen from the table that the weight of the bucket-chain
in column No. 3 (as illustrated in Figs. 30 to 33), while of equal
strength is considerably less per foot than No. 1 or No. 2. The
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increase of capacity and larger wearing surfaces should also be
noted, together with the fact that a reduced pressure per square
inch is obtained in protected and lubricated joint connections, in-
stead of a heavy pressure in a joint exposed to the grinding action
of sand and water.

With the improved buckets and simplified construction, the
chain-bucket machine is capable of still higher results than those
stated above, a8 much of the difliculty labored under fromn excessive
weight and wear and tear is done away with, and a machine pro-
duced which is cheaper in first cost, because the weight is less, and
cheaper to maintain, because more durable.

Fig. 34 shows a type of machine adapted for channel work, and

Fia. 84.

represents & dredge having a capacity of 6,000 cubic yards per day,
and capable of dredging to a depth of 25 feet. The mode of work-
ing is shown in Fig. 36. The hull is moored in position hy anchor
chains controlled by a steam winch, and the buckets feed sideways
over the bottom for the width of the channel to be made, advanc-
ing a short distance ahead at every cut by hauling in on the bow-
chain. In some cases a spud anchor-post is used at the stern for
mooring the hull, the buckets at the front end taking a radial cut
about the spud as a center. A machine of this kind is represented
in Fig. 35.

The range of application of the system extends to almost every
kind of under-water excavation, and it is as well adapted for canal
dredging as for channel dredging. A machine for the former
class of work is arranged to cut in front, so as to excavate its own
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floating water, and to form the banks with the dredged material at
one operation. In the case of a combination machine designed by
.the writer, the material is deposited on the bank by a continuous
discharging apparatus, which allows the excess of water to drain off

25 et __

before depositing, thus making a more solid embankment, and
avoiding the washing back of the material into the cat.

In considering the cost of these machines, regard shonld be had
not only to the first cost, but to the cost of maintenance in relation
to the capacity, and to the extent and duration of the work to be
done. One elevator machine, with a capacity of 6,000 cubic yards

per day, will do better and cheaper work than four other dredgee
with a capacity of 1,500 cubic yards each, if employed on the same
work, although the former may cost twice as much to build and run
as one of the latter. Where the work is such that the machines
can be kept employed without great or frequent periods of idleness,
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the first cost becomes a very small factor in the total cost of doing
the work.

In many cases concentration of plant is desirable, as reducing
the working and other expenses. This tendency is illustrated by
the fact that a large proportion of British machines are now built
as “ Hopper dredgers,” that is, a combined self-propelling dredge
and scow, so that one vessel constitutes the complete plant. These
vessels can dredge a load of 800 to 1,000 tons in a few hours, and
then steam off at 8 or 9 miles per hour and dump it.

In conclusion, the writer has sought to present briefly the lead-
ing characteristics of the chain-bucket system of dredging and ex-
cavating, together with the defects and difliculties met with in
making the system a success, both mechanically and commercially.
He has also pointed out the direction in which improvements are
being made in order to obviate these defects, and so far as he has
gone he has endeavored to increase the general efficiency, andTto
construct a chain of buckets that will be durable.

In view of the national and public works, in which dredging and
excavating form a considerable part, it is of importance that the
subject should be more fully understood, and the fact appreciated,
that the cost of such work is largely governed by the efficiency of
the plant employed.

The writer has not attempted to go into the many details, which
go to make up a successful endless-chain dredging machine ; such
as arrangement of hull, engines, and subsidiary gear, systems of
framing, etc.; as they are capable of being adapted to a variety of
conditions, and a description of which would exceed the limits of
this paper. .

DISOUSSION.

Mr. A. W. Robinson.—The greatest wear and tear of such a mna-
chine takes place, of course, in the hinge connections. This is one
great reason why this form of machine has not been introduced
into this country to the extent to which it has been used elsewhere.
The fact that endless-chain machines are in use in other places, and
wearing out so fast as they do, and are able to do satisfactory work,
or at least economical work, in that way, shows, I think, that if we
tske away the obvious defects and deficiencies, we ought to have
8 pretty good machine.

The packing rings are made of moulded rubber; they are made
open, so as to be removable, with the ends made to fold into one
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¢ hay field to mow. I constructed a dredging machine twelve feet
wide, carrying eight chains of buckets, snch as the gentleman just
referred to, composed of heavy chain made of cast-iron links. As I
was dealing with dry material, I did not wish to use any lubricant,
because I shonld not be able to exclude the fine dust which would
be present in the bank. I therefore used wooden blocks in the joints
of the chain and malleable iron buckets very much like a tea-cup,
ten inches across the top. These buckets I armed with steel prods,
one on each bucket. I never had two prods on one bucket, because
the rocks would be caught between the prods and prevent pene-
tration ; but by putting them at different places on the different
buckets I succeeded in digging the bank, which was so hard that it
was difticult to pick in some parts. I was very much impressed with
the idea that dredging could be very advantageously done on that
principle. I did not in a practical way accomplish a large amount.
I could dredge the material well enough; I could wash it well
enough ; but after I had it washed I found that I could scarcely
get enough to pay for the trouble. The machine I had out there
had a capacity of about fifteen hundred tons of material for ten
hours, with a twelve horse power engine lifting it eight feet high. Of
course, I cannot speak now of itsefficiency asa regular dredge. Iam
simply epeaking of the idea which I had and carried out of cutting
8 swath from the side of the bank, washing it on the copper plates
and carrying it from the copper plates still higher, and throwing it
upon the bank or into the river. The system was intended to go
right on down the bank, cut that twenty-six feet of bank down
and dupp it into the river; and when we had dumped into the
river what we could reach, then simply lifting it upon the bank.
As I said before, I did not carry it out far enough to give me any
data as to the desirability of that means for deep dredging; but I
thould say it would be a very satisfactory way of dealing with the
question in many cases.

[ would further say, that instead of using packing rings of any
kind, or attempting in any way to guard against the entrance of
dugt, I used wooden bushings in all the boxes of my machinery,
and I think there is a great deal less wear by using wood than by
uing any metal. Of conrse there will be a great deal of squealing
and all that sort of thing that one must endure, but it does not cut
the shaft as metal boxes would do.

Mr. H R. Towne.—For more than twenty years I happen to
have had a great deal of familiarity with dredging machinery, and
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to have had some connection with one of the larger dredging com-
panies in this country ; the subject is therefore of great interest to
me. The endless bucket dredge has always been more or less used
in England ; never largely used here. There was one used on the
Delaware River twenty-five years ago, but it never worked effi-
ciently, and was abandoned. The statement Mr. Robinson has
made as to the need of improvement of details in this matter,
probably accounts, to & great extent, for the failure of the few ma-
chines of this kind that have been tried here. Obviously, with the
endless bucket dredge, the working parts are carried clear down to
the bottom, where they are exposed to mud, sand, and grit, and
are liable to rapid deterioration accordingly; whereas, with the
grapple dredge of ordinary construction, the parts that have to
move upon themselves are in the upper part of the bucket, and
their motions are slow-as compared with those of the endless-chain
dredge. But for all that there are reasons, in my opinion, why
the dredge on this system of an endless chain of buckets has its
limitations of nse, and I question whether it will ever displace the
dredges of other construction for much of the work that is to be
done. For its best efficiency a machine of this kind requires large
size. Much of the work that we have to do about our cities is
small in each item, even if large in the aggregate; dredges are
required to go into docks and slips, and to clean out the accumula-
tion of inud there,and in my opinion, for that purpose, the grapple
or bucket dredge has advantages over the endless-chain system.

I question somewhat the correctness of Mr. Robinson’s assump-
tion, that the cost of lifting the work is so widely different in the
two systems as he states it to be. I think he is in error in this
respect, although I admit the correctness of the theory stated in his
paper, that the cost should differ because the parts are balanced
here while they are unbalanced in the other machine. His figures
of the actual horse-power required in this case, and my knowledge
of the actual horse-power used in the other machines, are such as to
show that the difference is not so great as theory would seem to
indicate.

Mr. A. W. Rabinson.*—While it cannot be said that any single
dredging machine is suitable for all purposes, or capable of working
to the same advantage under all circumstances, observation of work
done by the endless chain system, shows that it covers most of the

* Added since the meeting, under the rules.
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ground included by the various other types of dredging apparatus,
and that as a marine dredge it reaches its best efficiency when the
volume of material is large, and the space not too confined. In its
improved form it is, however, being used in many other ways for
special purposes, such as embankment and levee building, dry
excavation, drainage canals, irrigating ditches, and street trenching
for gas and water pipe.

With regard to Mr. Towne’s remarks as to the relative expendi-
ture of power in the clam-shell or grapple and the chain-bucket
dredge, it is freely admitted that there are examples of the former
that in very favorable work will do better than the single-bucket
machine instanced in the paper, and which he probably had in his
mind. There are also better machines of the chain-bucket class,
and the comparison was made between two actual examples, not
under the most favorable conditions, but fairly representative of
their average work. ‘

In regard to the wooden bearings in the machine, referred to by
Mr. Hill, it appears to be a special case. Soft bearings do not
wear the pin mach, but such bearings require frequent renewal.
The mere cost of renewing the worn parts, even in steel, would be
comparatively small were it not for the cost of the delay caused in
replacing them. Consequently the case is only satisfactorily met
by a construction which will be reasonably permanent and durable
under the extremely heavy service which such machinery is called
upon to perform.

9
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STRENGTH OF SHAFTING SUBJECITED TO BOTH
T'WISTING AND BENDING.

AN ACCOUNT OF THE WORK DONE UPON THI8 SBUBJECT IN THE LABORA-
TORY OF APPLIED MECHANICS OF THE MASSACHUSETTS INSTITUTE OF
TECHNOLOGY.

BY GAETANO LANZA, BOSTON, MASS.
(Member of the Soclety.)

Tee rudes used by mechanical engineers to determine the
strength of shafting are based upon experiments on simple torsion
or on bending only, and no experimental work has been done, so
far as the writer knows, npon a combination of the two. Never-
theless it is a fact that by far the greater number of shafts in use
are subjected to a combination of twisting and bending, the former
being due to the work transmitted, and the latter to the pull of the
belts in the case of head or line shafting, or to the pressure on the
crank-pin in the case of crank-shafts, or the shock of the water in
the case of propeller shafts.

Under certain circumstances the bending may have the greatest
influence, while the twisting may be predominant in others, or
their influence may be equally divided. Which of these is the case
will depend upon the location of the hangers and of the pulleys,
the width of the belts, ete., etc.

As to the formulee which take into account both twisting and
bending, there are two, both of which are based upon the theory of
elasticity. The first, whick is the most correct from a theoretical

point of view, is that given by Grashof and other writers on the
theory of elasticity, and is

f’=7{ '11[1 m+1VM1+M,}
where

M, = greatest bending moment;
M, = greatest twisting moment ;
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7 = external radius of shaft;

1= moment of inertia of section about a diameter;

J = greatest allowable stress at outside fiber;
m = a constant depending on the nature of the material.

If, as is usually done for iron and steel, we make m =4 we
obtain

f=r it |

The other formula, which is also based upon the theory of elas-
ticity, but which is not as correct, is that given by Rankine, and is

f=2—r1{ll.+4/ﬂ.'+ M;} .

‘While these formule are the only oneg that take both twisting
aud Lending into account, they are not very generally used, being
recommended by some engineers for use in crank shafts and pro-
peller shafts of marine engines, while they are seldom used else-
where.

The formule in general use for line shafting and head shafting
are most commonly those taking into account the twisting only,
and the constants for these formule are those deduced frowmn experi-
ments upon pure torsion. Of this nature are the following for-
mule given by Professor Thurston :

For liead shafts well supported against springing,

3o D P
Wronght iron, & = ‘/1 % A{i £, Cold rolled iron, d = BAP

For line shafting, hangers 8 feet apart,

8/a0 77D 3 /%
Wronght iron, d = ‘/9('11;1’. Cold rolled iron, d = 051‘31).

For transmiesion simply, no pulleys,

8/ P—
Wiought iron, d =4/ 22 LL. Cold rolled iron, & = 4/ P AL

All snch rules are based upon the torsion only, and the different
constants are determined by using a factor of satety to make up for
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of the buckets and connections, but while this is enormous with
the older forms, and appreciably reduced in the steel buckets re-
ferred to, by a judicious increase of bearing surface, it can only be
minimized by keeping the abrading substance out of the joints,
and supplying lubricant, as is done in the improved buckets shown
in Figs. 30 to 33, designed by the writer.

For the purpose of comparing the three forms of bucket which
have been illustrated, the following table of proportions and capa-
city is appended :

No. 1. | No.2. | No. 8.
Maximum depth to which buckets can work .......... ft.| 80 81 80
Number of buckets inchain..........oovvvieneee vunnn.. 40 84, 46
Capacity of each bucket .. ..............coivuiie, ca. ft.| 12 15| 10.4
Pitchof each bucket ..........covviiiriiiieencnenss ins.| 80 80, 89
Weight of bucket-chain per foot run.................. Ibs.| 480 28| 440
‘Weight of bucket-chain per foot of capacity.......... 1bs.| 200 208/ 138
Total weight of chain..........ccoiviiiiiiiianannn. tons, 43 47 29
Safe working tension of chain........ ........covoen. tons; 47 50 45
‘Wearing surface of pin-joints..................... 8q. ins.| 81.5 42, 7
Maximum pressure on pin-joints........... 1bs. per 8q. in.|3,840 2,660 1,340
Ordinary speed of buckets................ ... ft. per min.| 60 70° 180
Discharging capacity..........co0vvennnn. cu. ft. per min.| 144 200; 416
Discharging capacity cubic yards per day of 10 hours..... 3,200 | 4,4009,200

Nos. 1 and 2 being examples from British practice, it may be of
interest to give some further particulars respecting the vessels and
their performance.

The vessel referred to as No. 1 is 161 fect long, 29 feet beam,
and 10 feet depth of hold; and is fitted with the wrought-iron
buckets shown in Figs. 24 to 26. In one season of 2,694 working
hours, this machine dredged 323,760 cubic yards at a cost of
$9,987, or 344 cents per cubic yard.

The second vessel is 130 feet long, 32 feet beam, and 10 feet 6
inches depth of hold. In the first six months’ work this machine
dredged 409,600 cubic yards in 139 working days, at a cost of
$9,309, or 287 cents per cubic yard. The material was mud and
clay with some gravel and limestone marl, with a considerable
number of snags and roots, and the cost includes wages, fuel,
stores, repairs and maintenance, but not towing or depositing the
material dredged.

It will be seen from the table that the weight of the bugket-chain
in column No. 3 (as illustrated in Fige. 30 to 33), while of equal
strength is considerably less per foot than No.1 or No. 2. The
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increase of capacity and larger wearing surfaces shounld also be
noted, together with the fact that a reduced pressure per square
inch is obtained in protected and lubricated joint connections, in-
stead of a heavy pressure in 8 joint exposed to the grinding action
of sand and water.

With the improved buckets and simplified construction, the
chain-bucket machine is capable of still higher results than those
stated above, as much of the ditliculty labored under from excessive
weight and wear and tear is done away with, and a machine pro-
duced which is cheaper in first cost, because the weight is less, and
cheaper to maintain, because more durable.

Fig. 34 shows a type of machine adapted for channel work, and

Fia. 84.

represents a dredge having a capacity of 6,000 cubic yards per day,
and capable of dredging to a depth of 25 feet. The mode of work-
ing is shown in Fig. 36. The hull is moored in position by anchor
chains controlled by a steam winch, and the buckets feed sideways
over the bottom for the width of the channel to be made, advanc-
ing a short distance ahead at every cut by hauling in on the bow-
chain. In some cases a spud anchor-post is used at the stern for
mooring the hull, the buckets at the front end taking a radial cut
about the spud as a center. A machine of this kind is represented
in Fig. 35.

The range of application of the system extends to almost every
kind of under-water excavation, and it is as well adapted for canal
dredging as for channel dredging. A machine for the former
class of work is arranged to cut in front, so as to excavate its own
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floating water, and to formn the banks with the dredged material at
one operation. In the case of a combination machine designed by
.the writer, the material is deposited on the bank by a continuous
discharging apparatus, which allows the excess of water to drain off

F1p.35.

25 & cut

before depositing, thus making a more solid embankment, and
avoiding the washing back of the material into the cut.

In considering the cost of these machines, regard shonld be had
not only to the first cost, but to the cost of maintenance in relation
to the capacity, and to the extent and duration of the work to be
done. One elevator machine, with a capacity of 6,000 cubic yards

per day, will do better and cheaper work than four other dredges
with a capacity of 1,500 cubic yards each, if employed on the same
work, although the former may cost twice as much to build and run
as one of the latter. Where the work is such that the machines
can be kept employed without great or frequent periods of idleness,
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the first cost becomes a very small factor in the total cost of doing
the work.

In many cases concentration of plant is desirable, as reducing
the working and other expenses. This tendency is illustrated by
the fact that a large proportion of British machines are now built
as “ Hopper dredgers,” that is, a combined self-propelling dredge
and scow, so that one vessel constitutes the complete plant. These
vessels can dredge a load of 800 to 1,000 tons in a few hours, and
then steam off at 8 or 9 miles per hour and dump it.

In conclusion, the writer has sought to present briefly the lead-
ing characteristics of the chain-bucket system of dredging and ex-
cavating, together with the detects and difficulties met with in
making the system a success, both mechanically and commercially.
He has also pointed out the direction in which improvements are
being made in order to obviate these defects, and so far as he has
gone he has endeavored to increase the general efficiency, andTto
construct a chain of buckets that will be durable.

In view of the national and public works, in which dredging and
excavating form a considerable part, it is of importance that the
subject should be more fully understood, and the fact appreciated,
that the cost of such work is largely governed by the efficiency of
the plant employed.

The writer has not attempted to go into the many details, which
go to make up a successful endless-chain dredging machine; such
as arrangement of hull, engines, and subsidiary gear, systems of
framing, etc.; as they are capable of being adapted to a variety of
conditions, and a description of which would exceed the limits of
this paper.

DISCUSSION.

Mr. A. W. Robinson.—The greatest wear and tear of such a mna-
chine takes place, of course, in the hinge connections. This is one
great reason why this form of machine has not been introduced
into this country to the extent to which it has been used ¢lsewhere.
The fact that endless-chain machines are in use in other places, and
wearing out so fast as they do, and are able to do satisfactory work,
or at least economical work, in that way, shows, I think, that if we
tske away the obvious defects and deficiencies, we ought to have
3 pretty good machine.

The packing rings are made of moulded rubber; they are made
open, 8o a8 to be removable, with the ends made to fold into one
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another, and each ring is held in place by a brass ring which has a
hook and eye so formed in it that when it is placed in position, one
stroke of a hammer will close the hook over and retain it in posi-
tion. The diameter of the pin on which those packings are used
will vary with the size of the machine. For an ordinary heavy
machine for heavy dredging, this pin will be from 34 to 44 inches
in diameter, with a little extra space; the ring might be from 6 to
7 inches in inside diameter.

The details of the lubrication of the pin connections are not as
clearly shown in the illustrations in the paper as I could wish.
Where a hollow pin is used, a small piston fits into the bore, and
by a screw at the end of the pin, the piston can be made to force
out a lubricant, as in an ordinary grease-cup.

The grooves in which the packing rings are sitnated are half
round, but the packing rings are formed with flaring sides, expand-
ing that shape, so that when they occupy the groove, their sides
are always hugging its sides, and any slight end-motion, which will
occur, will not allow any dirt to enter the joint. This feature of
protecting and lubricating the joints is one of the most important
in machines of this kind.

Mr. C. C. Hill.—Some years ago, I had occasion, to some extent,
to handle the problem of which this paper treats, out in the alluvial
deposits of Idaho. With your permission I will illustrate. AsI
presume you are all aware, the country called the Snake River
Bottom of Idaho, is composed ¢f an alluvial deposit extending for
about 400 miles along, and varying from half a mile to 12 miles
wide, and as near as I was able to learn while engaged out there,
it contains about an even distributign of flour gold. It has been
the dreamn of a great many, both smart and stupid men, to get that
gold. I was enguged by a company who tried to get it by placing
good money out there, and in my attemnpts I started some of what
are ordinarily called hydraulic machines. They were composed of
the ordinary cabinets of copper plates with sluices and cradles, etc.,
forming run-ways for the water to pass over. I represented two
companies, distinct, thongh composed of the same capitalists, and
one of them had for its object the solution of the problem by hand-
ling the dirt in a dry state, and adding the water afterward. The
company possessed a bank twenty-six feet high from the water
level, extending for four miles down the banks of the Snake River,
and we had to pump from the Snake River the water we wanted
to wash this bank off with. So I started as a man would start in a
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* hay field to mow. I constructed a dredging machine twelve feet
wide, carrying eight chains of buckets, such as the gentleman just
referred to, composed of heavy chain made of cast-iron links. AsI
was dealing with dry material, I did not wish to use any lubricant,
because I should not be able to exclude the fine dust which would
be present in the bank. I therefore used wooden blocks in the joints
of the chain and malleable iron buckets very much like a tea-cup,
ten inches across the top. These buckets I armed with steel prods,
one on each bucket. I never had two prods on one bucket, because
the rocks would be caught between the prods and prevent pene-
tration ; but by putting them at different places on the different
buckets I succeeded in digging the bank, which was so hard that it
was difticult to pick in some parts. I was very much impressed with
the idea that dredging could be very advantageously done on that
principle. I did not in a practical way accomplish a large amount.
I could dredge the material well enough; I could wash it well
enough ; but after I had it washed I found that I could scarcely
get enough to pay for the trouble. The machine I had out there
had a capacity of about fifteen hundred tons of material for ten
hours, with a twelve horse power engine lifting it eight feet high. Of
course, I cannot speak now of itsefficiency asa regular dredge. Iam
simply speaking of the idea which I had and carried out of cutting
8 swath from the side of the bank, washing it on the copper plates
and carrying it from the copper plates still higher, and throwing it
upon the bank or into the river. The system was intended to go
right on down the bank, cut that twenty-six feet of bank down
and dupp it into the river; and when we had dumped into the
river what we could reach, then simply lifting it upon the bank.
As I said before, I did not carry it out far enough to give me any
data as to the desirability of that means for deep dredging; but I
should say it would be a very satisfactory way of dealmo w1t11 the
question in many cases.

I would further say, that instead of using packing rings of any
kind, or attempting in any way to guard against the entrance of
dust, I used wooden bushings in all the boxes of my machinery,
and I think there is a great deal less wear by using wood than by
using any metal. Of course there will be a great deal of squealing
and all that sort of thing that one must endure, but it does not cut
the shaft as metal boxes would do.

Mr. H. R. Towne.—For more than twenty years I happen to
have had a great deal of familiarity with dredging machinery, and
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to have had some connection with one of the larger dredging com- ¢
pauies in this country ; the subject is therefore of great interest to
me. The endless bucket dredge has always been more or less used
in England ; never largely used here. There was one used on the
Delaware River twenty-five years ago, but it never worked effi-
ciently, and was abandoned. The statement Mr. Robinson has
made as to the need of improvement of details in this matter,
probably accounts, to a great extent, for the failure of the few ma-
chines of this kind that have been tried here. Obviously, with the
endless bucket dredge, the working parts are carried clear down to
the bottom, where they are exposed to mud, sand, and grit, and
are liable to rapid deterioration accordingly; whereas, with the
grapple dredge of ordinary construction, the parts that have to
move upon themselves are in the upper part of the bucket, and
their motions are slow-as compared with those of the endless-chain
dredge. But for all that there are reasons, in my opinion, why
the dredge on this system of an endless chain of buckets has its
limitations of use, and I question whether it will ever displace the
dredges of other construction for much of the work that is to be
done. For its best efficiency a machine of this kind requires large
size. Much of the work that we have to do about our cities is
small in each item, even if large in the aggregate; dredges are
required to go into docks and slips, and to clean out the accumula-
tion of mud there, and in my opinion, for that purpose, the grapple
or bucket dredge has advantages over the endless-chain system.

I question somewhat the correctness of Mr. Robinson’s assump-
tion, that the cost of lifting the work is so widely different in the
two systems as he states it to be. I think he is in error in this
respect, although I admit the correctness of the theory stated in his
paper, that the cost should differ because the parts are balanced
here while they are unbalanced in the other machine. His figures
of the actual horse-power required in this case, and my knowledge
of the actual horse-power used in the other machines, are such as to
show that the difference is not so great as theory would seem to
indicate.

Mr. A. W. Robinson.*—While it cannot be said that any single
dredging machine is suitable for all purposes, or capable of working
to the same advantage under all cirennstances, observation of work
done by the endless chain system, shows that it covers most of the

# Added since the mecting, under the rules.
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ground included by the various other types of dredging apparatus,
and that as a marine dredge it reaches its best efficiency when the
volume of material is large, and the space not too confined. In its
improved form it is, however, being used in many other ways for
special purposes, such as embankment and levee building, dry
excavation, drainage canals, irrigating ditches, and street trenching
for gae and water pipe.

With regard to Mr. Towne’s remarks as to the relative expendi-
ture of power in the clam-shell or grapple and the chain-bucket
dredge, it is freely admitted that there are examples of the former
that in very favorable work will do better than the single-bucket
machine instanced in the paper, and which he probably had in his
mind. There are also better machines of the chain-bucket class,
and the comparison was made between two actual examples, not
under the most favorable conditions, but fairly representative of
their average work,

In regard to the wooden bearings in the machine, referred to by
Mr. Hill, it appears to be a specisl case. Soft bearings do not
wear the pin mach, but such bearings require frequent renewal.
The mere cost of renewing the worn parts, even in steel, would be
comparatively small were it not for the cost of the delay caused in
replacing them. Consequently the case is only satisfactorily met
by a construction which will be reasonably permanent and durable

under the extremely heavy service which such machinery is called
upon to perform.

9
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CCXXX.

STRENGTH OF SHAFTING SUBJECTED TO BOTH
TWISTING AND BENDING.

AN ACCOUNT OF THE WORK DONE UPON THI8 SBUBJECT IN THE LABORA-
TORY OF APPLIED MECHANICS OF THE MASSACHUSETTS INSITITUTE OF
TECHNOLOGY.

BY GAETANO LANZA, BOSTON, MASS.
(Member of the Society.)

Tue rues used by mechanical engineers to determine the
strength of shafting are based upon experiments on simple torsion
or on bending only, and no experimental work has been done, so
far as the writer knows, nupon a combination of the two. Never-
theless it is a fact that by far the greater number of shafts in use
are subjected to a combination of twisting and bending, the former
being due to the work transmnitted, and the latter to the pull of the
belts in the case of head or line shafting, or to the pressure on the
crank-pin in the case of crank-shafts, or the shock of the water in
the case of propeller shafts.

Under certain circumstances the bending may have the greatest
influence, while the twisting may be predominant in others, or
their influence may be equally divided. Which of these is the case
will depend upon the location of the hangers and of the pulleys,
the width of the belts, ete., etc.

As to the formulee which take into account both twisting and
bending, there are two, both of which are based upon the theory of
elasticity. The first, whick is the most correct from a theoretical
point of view, is that given by Grashof and other writers on the
theory of elasticity, and is

f=§;’”—JM+m+IVM},

2m 2m
where

M, = greatest bending moment
M; = greatest twisting moment ;
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» = external radius of shaft;

Z=moment of inertia of section abont a diameter;

J = greatest allowable stress at outside fiber;

m = a constant depending on the nature of the material.

If, as is ueually done for iron and steel, we make m =4 we
obtain

= ;{%an/ﬂlﬂl{z’ }
The other formula, which is also based upon the theory of elas-
ticity, but which is not as correct, is that given by Rankine, and is

f=217{14+$/M}

Wihile these formule are the only oneg that take both twisting
and bending into account,they are not very gencrally used, being
recommended by some engincers for use in crank shafts and pro-
peller shafts of marine engines, while they are seldom used else-
where.

The formule in general use for line shafting and head shafting
are most commonly those taking into account the twisting only,
and the constants for these formulee are those deduced fromn experi-
ments upon pure torsion. Of this nature are the following for-
mule given by Professor Thurston :

For head shafts well supported against springing,

3/70= ?) 3 >
Wrought iron, d = $/ 125 A{II « Cold rolled iron, d = ‘/ 75;,{1 .

For line shafting, hangers 8 feet apart,

3/00 770 8 /% )
Wrought iron, d = ‘/9“11;”). Cold rolled iron, d =4/ ‘)511;1 .

For transmission simply, no pulleys,

8/5o = 77T L 3
Wrought iron, d = 1/ 02'%1{ ’, Cold rolled iron, d = 1/3521;1)'

All such rules are based upon the torsion only, and the different
constants are determined by using a factor of safety to make up for
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the bending to which the shaft is liable to be subjected. On the
other hand, some rules are given for the proper distance between
hangers, etc., which are based upon transverse strength only. Thus
Unwin gives the direction, 1. That the axle must be calculated as
a beam to bear the weight of the pulley and the belt-pull that is to
come upon it; 2. For shafting transmitting power and subject to

torsion only, he gives
8/ T7 >
d= ﬂ‘/ffé ’

where g = 8.294 for wronght iron, and 2.877 for steel.

Rules are also given that the deflection under the belt-pulls
should not exceed 17 of the distance between hangers, this deflec-
tion being calculated by the ordinary rules for transverse strength
only.

Returning now to the formule for combined twisting and bend-
ing, given by Grashof and Rankine, it is to be observed that the con-
stauts used in them are such as have been deduced fromm pure ten-
sion experiments, and not from experiments on a combination of
twisting and bending, which last is what should be done if they are
to be used with confidence. -

With a view to determine the behavior of shafting under such
a combination of conditions by actual expériment, sunitable machin-
ery has been put up in my laboratory of applied mechanics, and
the investigation has been commenced. The object of this paper is
to give you an account of the method of procedure, of the machin-
ery used, and of the few results thus far obtained, together with
such few conclusions as these results will warrant, and to invite
any comments or criticisms which you may be pleased to make in
regard to the tests.

The principal poiuts of the method of procedure are the
following, viz.:

1st. The shaft under test is in motion, and is actually driving an
amount of power which is accurately weighed on a Prony brake.

2d. A transverse load is applied which may be varied at the
option of the experimenter, and which is weighed on a platform
scale.

3d. It is intended to adjust the proportion between the torsional
and transverse loads to correspond with the proportion between the
power transmitted and the belt-pull sustained by a shaft in actual
use. 4
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4th. Tests are made not only of breaking strength but also the
angle of twist and the deflection under moderate loads are meas-
ured.

5th. With our present machinery the largest shafts which we can
break are those of 1.5 inch diameter, but the machinery can be
easily enlarged so as to use larger shafts,

The machinery used will be made plain by the accompanying
cut (Fig. 37), a part of it being some that was used by Mr. George
Billings in some experiments which he made on the repeated bend-
ing of shafts under a transverse load.

In this illustration B is the shaft under test, the power is obtained
from another shaft on the right, and is transmitted to this test shaft
through the double Hooke’s joint (' on the right, and then the
power is transmitted from B to the Prony brake &, through the
double Hooke’s joint C on the left.

The power transmitted, and hence the twisting moment, is de-
termined by means of the weights at the end of the brake lever
and the readings of the revolution counter D.

The boxes in which the experimental shaft runs are marked £
in the figure, and rest upon the casting A which, in its turn, rests
on the platform sgsle and is separate and distinct from the rigid
frame F, which latter is firnly fastened to the floor of the labora-
tory.

It follows that any weight resting upqn the shaft B, or the
pulley N, which is on this shaft, is weighed directly on the scale;
the flexibility furnished by the double 1Iooke’s joints render it

possible to determine the weight on the shaft. The transverse
load is applied by screwing down the serews S, thus pressing down
the boxes of the upper shaft, and causing the pulley 3/ to press
against the pulley A, and thus load the shaft transversely. In
making an experiment upon breaking strength, the transverse and
the torsional loads are adjusted at the option of the experimenter,
and then the shaft is run until fracture occurs, which almost in-
variably takes place at the point where the pulley & is attached.
I the loads applied are too small to cause fracture they are in-
creased and the shaft run until fracture occurs. The apparatus for
determining the angle of twist under moderate loads requires a
more detailed explanation, and this will be deferred until after
the account of the results of the breaking tests.

1t has been made very plain by these tests, that in order to
deduce any conclusions of value the time occupied in Lreaking
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Fia. 37,
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must be taken into account; <. e. the load required to break the
shaft is very much smaller if sufficient time be allowed for it to
operate, say 30 or 40 hours, than if we are required to break it in
a short time, say one hour.

The mode of conducting an experiment is as followe:

1st. Decide upon the amount of horse-power to be transmitted,
and the transverse load to be used, and adjust the brake and the
screws &S 80 as to realize them approximately.

2d. Set the shaft in motion, and let it run, keeping the boxes
oiled, until it breaks, noting the time required to break it.

3d. If it finally breaks, then, in making the next experiment,
diminigh the loads and run it for a longer time, continuing this
process until we ascertain what is the smallest load which will break
the shaft by allowing suflicient time.

4th. The question next arises, What is absolutely the least load
which will break theshaft? This, of course, requires a large number
of experiments; and I cannot say that we have yet reached this
determination.

The following table will give the results of the tests on iron
shafts, and they will then be discussed :
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Two specimens of the 1"”.25 shafting and two of the 1” were
tested for tension, the results being as follows :

Breaking strength

per square inch.
b No.l..ieiiiiieiiiiiiiiiraninenens 46,800
17.35 diameter. {No 2 e 49,885
AVOrage........voiveiiiiiiianiianans 48,8383
" D 0 R 58,687
1 di’mm"{No 2 61,812
AVerage... ... ...iiiierinnninnsiens 60,250

As to conclusions,

1st. It is plain from these results that a shaft whose size is deter-
mined by means of the results of a quick test would be too weak,
and that our constants should be obtained from tests which last for
a considerable length of time.

2d. A perusal of the tables will show that the results obtained
apply more to the bending than to the twisting of a shaft, as the
transverse load used in these tests was so large compared with the
twist as to exert the controlling influence. This will be plain by
& comparison of the values of £} f; and f. '

3d. Nevertheless, a comparison of the fifth column with the last
two will show that the bending moments actually used were gener-
ally less than such as might easily be realized in practice with the
twisting moments used.

4th. It seems fair to conclude that, in the greater part of cases
where shafting is ured to transmit power, as in line shafting or
in most cases of head shafting, the breaking is even more liable-
to occur from bending back and forth than from twisting, and
hence, that in no case ought we to omit to make a computation for
the bending of the shaft as well as the twist.

5th. As to the precise value of the greatest allowable outside
fiber stress to be used in the Grashof formula, it is plain that it is
not correct to mse a value as great as the tensile strength of the
iron, and while the tests show that this figure should not for
common iron exceed 40,000 lbs. per square inch, it is probable that
tests where a longer time is allowed for fracture will show a
smaller result yet.

6th. Another matter of interest to note is, that we have a par-
allel to these tests in the experiments of Wohler. ITis experiments
Were made by subjecting the shaft to bending back and forth with-
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out adding any twist. He found for good wrought iron a value
for the breaking strength per square inch, under a continued repe-
tition of stress, of about 32,000 lbs. per square inch.

Perhaps further experiments may lead to a valne as low as this
for greatest allowable fiber stress per square inch; at any rate, it
would be more prudent to use this value than a value equal to the
tensile strergth.

TWIST UNDER MODERATE LOADS.

Next, as to twist under moderate loads, the results give us the
modulus of elasticity for torsion. The results will be given first,
and afterward the apparatus will be described. The values were
obtained from experiments on 1" shafts, and are as follows:

No. of Test.
18, it it i e e i ettt seanes 11,268,588
D 9,979,819
20, ittt ittt i tei ittt e i eiaaeaas 15,911,690
-1 12,169,442
-2 N 12,221,289
23 11,943,088
- 11,298,188
-1 12,878,876
L 138,410,870 .
9)111,076,209
12,841,811

The tensile modulus of elasticity of this shafting, as determined
by experiment, was 29,008,621 pounds per square inch.

The theory of elasticity gives the shearing modulus of elasticity
as two-fifths the tensile or § (29,008,621) = 11,603,448, which is not
far from the average value found by experiment.

APPARATUS FOR MEASURING TWIST.

The apparatus for measuring the angle of twist under modcrate
loads was devised mainly by Mr. Theodore R. Foster, one of the
graduates of the class of 1886, who took the subject of shafting for
his graduating thesis. A brief description will now be given of it.

The disks 77 and 7, are made of brass, and each is in two pieces,
so that they may be easily put on or removed from the shaft.
They are placed on bushings which can be adapted to 1% inch
shafts or under. Each bushing has eight set screws for centering
the disk on different sized shafts. Each disk has a boss at the
center turned down to form a bearing; on the disk 7] for two
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wrought-iron arms, and on the disk 7, for one. One of the arms
on 7 carries a brass brush pointed with platinum, which presses
against the circumference of the disk as it revolves, and so also the
arm on 7, carries another brush fixed in the same manner. The
second arm on 7; carries a tangent screw which presses against the
arm with the brush. The arms are kept from revolving by suit-
able stops fixed in the frame while the disks revolve under the
brushes. The two brushes are insulated from the arms, but con-
nected with each other by a wire, a battery and a telephone being
placed in the circuit. The circumferences of the disks are made
of rubber, except that at one point in each circumference a thin
piece of platinum is let into the rubber connected with the me-
tallic portion of the disk, the circuit being completed through these
pieces of platinum, the disks, and the shaft, so that if, in the revo- *
lution, the two brushes strike their respective pieces of platinum at
the same instant, there is a current, and consequently a ticking in
the telephone ; whereas, if they do not strike at the same instant
there is no current, and hence no sound in the telephene.

The manner of using the apparatus is as follows: Start up the
shaft with a very small load on the brake, screw the tangent screw
until a ticking occurs in the telephone, and measure (with a microm-
eter caliper) the distance apart of two metallic points which are
fixed in the armns for that purpose at the same distance from the
center. Next, put the desired load on the brake, and again screw
the tangent screw until ticking occurs in the telephone, and again
measure the distance apart of the same two points. The differ-
ence of the angles corresponding to these two chords gives the
angle of twist corresponding to the difference of the two loads
on the brake. .

In closing this paper I must apologize for the meagerness of the
results obtained thus far, hoping that what little has been done
may prove of some interest. .

DISCUSBION.

HMr. Wm. Kent—I know of an experience in Pittsburg some
years ago, which confirms Professor Lanza’s statement, that a
shaft will break under repeated strains where it may not break
under one strain. In feeding tables for a rolling-mill, where the
main ghaft driving the table was subjected to twisting strains
in reverse directions, that shaft would generally have a life of
abont six months, and when it broke, it broke like a broom. The
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fibers expanded out like a brush on both sides, and came apart in
that way. It was wrought ivon.

Mr. G. C. Henning—I think the ground is very well covered hy
Mr. Baker’s paper which we will hear soon. In it is taken up the
case of Woehler’s experiments, but he has not only duplicated them,
but gone far beyond in comparing soft steel, mild steel, and wrought
iron, and he there shows that it is not alone tensile strength or
elastic limit which determines the life of shafts subject to torsional
and bending strains, but it is the repetition of distortions which
affects them most seriously. This case of a rolling-mill shaft is pre-
cisely the same thing; asa rule our designs for members used in that

"way have been entirely, not to say erroneous, butsuch as to indicate
that we have designed them on the basis of ultimate strength, in-
stead of on the capacity for doing work. The life of such mem-
bers depends on something else, which we have not yet found out.
It depends on the effect of superposition of strains, even if they are
within the elastic limit.

Mr.J. T. Ilawkins.—I would like to mention one or two instances
which happened within the last three months in my experience, and
which go to substantiate Professor Lanza’s position as to the bend-

ng strains on shafting tending to their rupture more than twisting
trains. Within my knowledge, within the last three months a two-
nch steel shaft has broken in the same place, and within the hub
»f the pulley, whicb would be very strong proof, I think, that it
rould not in that case have been caused to any considerable extent
)y twisting. It would. certainly be due to the strain of the belt in
roducing transverse stress on the shaft. The fractures occurred
in the same shaft in the same building, and very near the same
place, twice within about three months—a two-inch steel line shaft.

Mr. T. 8. Crane—It seems to me important to have the attention
>f engineers called to the effect of this lateral strain and torsion.
I had an experience once where I had to put the pulley to receive

~ the entire power of the engine on a four-inch shaft, and I could not

get a hanger near that pulley. I'expected to have trouble with it,
but it ran for two years, and then the shaft broke off just within the
edge of the pulley. It broke with a brittle fracture, showing that

the effect of the two strains had been to crystallize the iron. I did
not think it would run as long as it did. The shaft was ready, and
there was a great pressure to get the factory started, and there was
no time to get a larger shaft. When it was replaced it was replaced
with a larger shaft, and no further trouble arose.



STRENGTH OF SHAFTING SUBJECTED TO TWISTING AND BENDING. 141

Mr. C. C. Hill—Some years ago I had experience in establishing
a friction * plant for a large saw-mill, where the pressure on what we

call the counter-shafts was large, greater than is usually put on
belted shafts. T found the same difficulty there with shafts. The
ghafts were very much larger than for ordinary transmissions of a
like amount of power, but we could not run them many months or
years without their breaking right off close to the pulley.

Mr. H R. Towne.—I wish to make a few comments on this’
paper,as the subject is one that interests me ; and in the first place I
cannot refrain from expressing the gratification which I think we all
feel that our transactions are growing to include so much more of
original investigation. Each of our recent volumes has contained
more or less of it, and obviously the value of our transactions, to
ourselves and to the world, will increase in proportion to the
amount of this original work which is done. Professor Lanza tells
us that he.has just commenced this line of investigation, and it is
certainly to be hoped that he will continue it in the direction in
which he has started.

I wish to set forth a few points which can be properly considered
in pursuing it. In the first place, the tests which have been made
have been such as to result in the destruction of the shaft. In
practice we do not intend, when designing a shaft, that it shall be
destroyed, and I conceive that the conditions obtaining in a shaft
which is subjected to such strains as to destroy it within a few .
hours or days may be different from those obtaining in a shaft sub-
jected to ordinary conditions, where it is intended to endure per-
manently. It is to be hoped that the series of experiments will
include tests of shafts under conditions approximating to those of
ordinary practice. Now, in connection with such tests, one of the
points of interest is to determine by experiment whether it is right,
in calculating the stresses npon a shaft subjected to both bending
and torsion, to assume that they are equal to the sum of the stresses
resulting from each of the two strains taken independently, or
whether the two coexisting stresses act upon one another to modify
either; this is an unsettled question, experimentally at least, and

an important one to know. That is, having a shaft which we know
is expected to transmit a given amount of power, by torsion, and
knowing the strains existing in it by reason of the work thus done,
fre we to assume that subjecting that same shaft simultaneously to
2 bending strain augments the stresses in it exactly in proportion

* Transmitting by friction gearing instead of belts.
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to the bending, or does the fact that the two loads are co-existent
serve to modify the stresses in any way ¢
One other question in connection with this is, I think, particu-
larly important. A long shaft transmitting power becomes one of
the best possible kinds of springs. Many of us know that a long
rod of metal subjected to twisting or torsion gives us a beautiful
spring action. We have had our attention called this morning
to the fact that the transmission of power by gears is liable to
result in intermittent impulses. We know that to be the case.
I have recently had occasion to consider the case of a shaft trans-
mitting considerable power, where I discovered that if a short
length of the shaft was used, a perfectly steady and smooth action
was obtained ; whereas if the shaft had considerable length, the
action became irregular and pulsating, and without taking time to
tell you how I conducted the investigation, I satisfied myself that
the canse of the irregularity was a pair of bevel gears, through
which power was transmitted to the shaft. . Now, let us take two
springs each composed of a piece of flat steel, and first examine
the one that is shortest, which is supposed to be clamped at
one end into a solid block of metal and to project freely from
itt. If I apply a given power to the end of the spring, so as
to bend it, and then release it, the spring will fly back and will
vibrate several times, but will quickly come to rest. If I apply
the same amount of power to the longer spring, it will give the
same moment at the same point, but on releasing this spring it will
vibrate very much longer than the other. The reason for this, if
we think a moment, is the inertia of the parts, or more properly
their momentum. This is still more the case in long shatting, be-
cause we have a spring consisting in that case of a shaft subjected
to torsion, on which we have put more or less dead load in the
_shape of pullies and other weights, which frequently give us a very
considerable amount of material in motion. Conceive of the shaft
first as at rest, aud of considerable length, and the power as applied
to one end. The inertia of the parts tends to keep them at rest
until an angle of torsion is developed sufficient to set the whole
shaft in motion. Now our power is quite frequently more or less
intermittent. When the inertia of the whole shaft, or of the parts
at its far end, is overcome, they are set in motion ; then a recovery
takes place, and thus is established a vibration, which certainly must
in some way involve, as one of its factors, the amount of matter in
motion—in other words the momentum of the parts. So far as my
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reading extends, I have not noticed any discussion of this subject in
connection with shafting, and I consider it a practical question.
The ordinary formulas for deternining the size of such shafts
usually adopt some arbitrary limiting angle for the angle of torsion.
D. K. Clark gives it in his manual (and I think it is taken by him
from older authorities), as one degree for each twenty diameters of
length of shaft. The correctness of that formula is based on the as-
sumption that we shall not get a greater amount of this action which
I have just described in one length than another, or at least that it
will be directly proportionate. Practice, however, shows that this
is not the case, but that, as we lengthen our shaft, after we have
passed a certain point, with such conditions as these, vibration can,
be set up, and that the vibratory action is very objectionable in
most cases. It is to be hoped, therefore, that the line of experi-
ment which has been commenced may include considerations of
these conditions, which exist in actual practice. Incidentally, I
may remark in closing, that I had occasion recently to test for tor-
sion a shaft two inches square, of cold rolled steel, which had been
turned down at three points to form bearings, the bearings however
being the full diameter of the sides of the shaft, that is to say, two
inches in diameter, without reducing the diameter, the corners
being merely taken off. The shaft was some twenty feet long, and
the tests were made at two points, one of them involving a length
of shaft of twenty fect subjected to torsion, the other of half that
length. The result showed practical agreement with the ordinary
formula, except some discrepancy as to the angle of torsion being
directly as the length of the shaft, of which 1 am not yet quite
satisfied, and intend to pursue further. As a matter of record it is
perhaps worthy of note that, taking Clark’s formula for the limiting

. WRL . N
conditions, D = 16,600 2" D being the angle of torsion in frac-

tions of & circle, limited, as I said before to one degree in each 20
diameters of length, W being the weight in pounds, /2 the radins
in feet, Z the length of shaft in feet, and & the diameter in inches,
he gives the above numerical factor for wrought iron, and in another
Place gives tignres showing that the corresponding factor for steel
would be about 33,000. Applying the formula to the actual record
of the experiment which I made gives as this numerical factor
56,300 for cold rolled steel, as against abont 33,000, which Clark

gives for ordinary steel, showing very forcibly the value derived
from cold rolling.
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Professor Lanza.—I think the remarks of the president are very
much to the point, and I am very glad to have his suggestions.
We have not thus far been able to do much testing with the shaft
under moderate loads. In regard to the way in which the twisting
affects the ultimate strength of the shaft, for bending and vice versa,
we are trying to determine how far we can depend upon Grashof’s
formula; and our method of procedure is as follows. Having
broken one shaft by subjecting it to a certain bending moment,
combined with a certain twisting moment, we compute by Grashof’s
formnla the greatest fiber stress. Then if the formula represents
correctly the facts, we ought to be able to break another of the
same dimensions and material in the same length of time, by using
a different amount of Lending moment, and a different amount of
twisting moment, so proportioned as to give by the formula the
same greatest fiber stress. What the result will be remains to be
determined.
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CCXXXI.

A NEW CONICOGRAPH.

BY ANDREW C. CAMPBELL, BRIDGEPORT, CONN.
(Associate Mcmber of the Society.)

Iris with no small degree of timidity that the writer brings to
the notice of this society a new device for describing the several
carves known as the * conic sections.” Instrumeuts of this class,
even though perfectly adapted to the purposes for which they are
intended, have a very limited use in many branches of the profes-
sion, yet the problem has proven a fascinating one, and herein are
presented the results of his investigation.

It is generally understood that the ellipse, parabola, and hyper-
bola may be drawn with such simple appliances as a string, straight-
edge, pencil, and a couple of pins. Ellipsographs by the score have
been invented and patented in this ‘country, to say nothing of the
many devices for a like purpose which were originated abroad, so
that it is not safe to rest very secure in the belief that the one
herein described is entirely new, however original it may have
been with the writer.

The instrument best known for describing the ellipse is the
ellipse tramnmel, which consists of a fixed base plate with two grooves
in its upper surface at right angles one with the other, and a tram-
mel-bar having three adjustable points, two of which track in the
grooves aforesaid, while the third traces the curve. This base plate
i8 usually in the form of a cross having equal arms, and the smallest
ellipse that can be drawn with such a device will have a major axis
sbout twice the length of this cross, and a minor axis about one-
half the major. 1Its application to larger ellipses is also dependent
upon the size of this cross, for we cannot draw an ellipse with it
¥hose major axis exceeds the minor by more than the length of the
cross. However, this instrument has very many uses, and the prin-
ciple of it is applied in almost all forms of ellipsographs. In search-
ing the Patentrecords Index very many * Ellipsographs” were
found, but the search was vain for parabolagraphs and hyperbola-

10
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graphs, from which it was concluded that no great success had
been achieved in these directions. For describing these curves the
string and straight-edge are generally resorted to, and even recom-
mended as the only “ mechanical” means, though Professor Sylves-
ter, who investigated the ¢ Peaucellier cell,” and invented many
novel uses and forms of it, developed a system of linkages from it
with which it is possible to describe the ellipse, parabola and hy-
perbola, as well as other complicated though definite curves.
Many links are brought into action in his apparatus, but the result
is obtained with mathematical exactness.

Having read the two instructive and suggestive articles in the
Scientific American Supplement, by Professor MacCord, of' Stevens
Institute, in which he described two possible machines—one for
drawing the hyperbola, and another for drawing the parabola—the
writer became interested in the subject, and undertook to solve the
same problems mechanically, and by cutting across lots the results
aimed at were obtained in a comparatively simple manner, and
there were embodied in a single instrument elements which admit
of such transposition as to make it possible to delineatc not only
the parabola and hyperbola, but the ellipse as well; hence the
name “ Conicograph.”

I.—Tue Ervirse.

In order that the “ reasons why ”” may be well understood it might
be well to show how the “ Gardener’s Ellipse ” is described with the
string and pins, as this illustrates an important property of the
ellipse, namely, that the sum of two lines drawn from the foci to
meet at any point in the curve is equal to the major axis.

Having first determined upon the length of the major and minor
axes, take a string (having a loop at each end) of a length equal to
the major axis, and double it, nsing the half length thus obtained
as a radius with which from one extremity of the minor axis as a
center, describe an are, cutting the major axis in two points equi-
distant from its center. Where said arc intersects the major axis
will be the foci, and by securing the looped ends of the string afore-
said, one at each of these focal points by ping, we will find thate
when the string is drawn taut in any direction with a marking
point, said point will lie on the curve.

Referring to the diagram, Fig. 38, le¢ AB be the major axis
and CD the minor axis of an ellipse. With A L (half of A B) as
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a radius and C or D as a center describe an arc cutting the line A B
at the foci E and F, then C is a puint in the curve, since CE +
CF = AB. If the marking point be passed to the position G,
and both parts of the string kept straight, the requirements are
fulfilled, and G is a point in the curve, for EG + G F = A B.

Further, if the line EG ‘
be produced, and G H AN
be made equal to G F,
the whole line EH will
be equal to A B. This is
true of course wherever
the point G is taken on
the curve, and the point
H will always lie on the
circular arc Hh. whose
center is E, and whose
radius is A B. (This line
might be called the direc-
trix of the ellipse, since its relation to the curve seems to be the
same as the directrix of a parabola to the parabola.) If the angle
F G H be bisected by the line S T, said line will be tangent to the
ellipse at the point G and will always be at right angles to the
line F H which it also bisects.

In designing a mechanism which will preserve these conditions in
all positions, a parallelogram of equal links (see Fig. 39) 1, 2, 3 and
4, is employed. The links 1 and 4 are jointed at the focus F; 2
and 3 to one extremity H of the adjstable radius bar 6; 3 and 4 to
one end S, of the tangent bar 5, while 1 and 2 are jo'nted at T and
control the direction of the end T of said tangent bar 5. Now if
the points E and F of this linkage be located at the foci of the
required ellipse whose major axis is equal to E H, the intersection
of thelines E H and S T may be shown to be a point in the ellipse.
‘At this point then is arranged a compound slide carrying a mark-
ing tool so that by swinging this system of links in the plane of the
paper, about the two controlling points E and F, the circumference
of the required ellipse will be traced. As constructed, this instru-
ment will not describe the entire ellipse at one setting (owing to
the interference of some of the parts), sv that after drawing one-
lalf of the figure, the points E and F must be transposed before
the remaining half can be drawn. The size of the parallelogram
limits the maximum capacity of the instrument as an ellipsograph
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for describing closed carves, since the marking point G always lies
within it. The only requisite to increase the maximum capacity
is the substitution of longer links in the parallelogram. However,
with the instrument shown, incomplete ellipse curves may be

-

|
i
!
!
|

i Fy3o.

arawn with any required distance between the foci, the limit being
the length of the adjustable bar (6) employed. The minimum
capacity of the device is also limited, the consideration in this case
being the least possible distance obtainable between the focus F
and the marking point, when the latter is at that extremity of the

major axis which is nearest the focus F aforesaid. (See dotted
position in Fig. 39.)

In constructing the instrument shown in perspective in Fig. 40, the
links of the parallelogram should be of some light stiff material, pref-
erably steel, and substantially jointed at their extremities to the
upper end of four short supporting pillars, those at S H and T
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terminating at the base in the form of smooth-bottomed disks
which may slide freely on the plane upon which the ellipse is to
be traced, the fourth pillar at F having a shouldered needle-point
in its lower end which punctures the drawing paper*in one of the
foci of the required ellipse, and forms one of the controlling points
of the mechanism.

The tangent bar 5, is jointed at S to the upper end of one of
these supporting columns, and extends toward the opposite angle
of the parallelogram, where it passes freely through a slide at the
top of the column T, so that whatever be the distance between the
points F and H, the tangent bar exactly bisects it. The adjustable
link 6, lies in a plane above the tangent bar 5, and one end thereof
is jointed to the upper extremity of the column at H. Upon this
bar is placed an adjustable slide which is secured in position by a
clamping screw entering it from below, said screw forming the
supporting column at E, which terminates at the base in the form
of a shouldered needle-point. This slide must be so placed along
the bar 6, that the distance between the centers of the columns
E and H shall be equal to the ’
major axis of the ellipse to bhe ‘
drawn. By arranging a scale
on said bar, the only setting
required can be very readily
made.
~ The bars 5 and 6 are made of
brass tubing in preference to other
material, and the general stabil-
ity of the apparatus might be
increased by substituting a stand-
ard at E with a large flat base,
and swinging the bar 6 from its upper end, thus preventing the
twisting action which otherwise tends to deflect said bar.

The compound slide at G, which carries the marking point, is
shown enlarged in Fig. 41, and, as will be seen, consists of the two
parts g and by of rectangular cross-section through the first of which
slides the adjustable bar 6, while through the latter, slides the tan-
gent bar 5, and these two parts are so jointed to one another
that they may revolve in parallel planes about a common vertical
axis. As the metal tubing from which these parts are made is
quite thin, the construction shown was resorted to in order to get a
swivel between them—using a disk counter sunk into the upper
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slide and riveted into the lower one. Extending downward from
the under side of the lower, or tangent bar slide, is a tubular socket,
into which may be placed the marking device, either a pencil @ or
a pen d, and since the former is subject to wear, it is arranged
in a spring socket as shown, thus also insuring a uniform pressure
over slightly irregular surfaces.

Your attention is particularly called to two important advantages
possessed by this instrument. First, when the blades of the pen
are placed in proper position to draw a line in the direction of the
tangent bar, said pen is always guided thereby exactly in the direc-,
tion of the curve, and thus gives a better line than can be drawn by
any other instrument made for a like purpose. As far as the
writer can discover, this is the first time this result has heen ob-
tained in an ellipsograph. The second feature is that it is possi-
ble to draw any number of curves parallel to the ellipse, either
larger or smaller than the original figure, and this is often very
desirable, as, for instance, in drawing elliptical gearing. A curve
parallel to an ellipse is nof an ellipse, and is therefore out of reach
of all ellipsographs heretofore made. To do this with the instru-
ment shown, it is only necessary tu place the marking point the

! required distance from the center of the
- iilfe compound slide and at right angles to
. the direction of the tangent bar. The
; attachment shown in Fig. 42 is designed
: to be used in place of the regular mark-
ARG ing device, and can be readily secured in
proper position on the pendant sleeve
- ! of the compound slide, and easily adjusted

Fg 2. to draw curves parallel to the ellipse.

II.—THE Parasbora.

In reference to the particular property of the parabola, of which
advantage is taken, Davies’ Descriptive Geometry may be quoted :

“If a right line, E D, and a point, I (Fig. 43), be taken in the
plane of the paper, and a point, as G, be so moved in this plane
that the distance irom F be constantly equal to its distance from
E D, that is, G F = G H, the point G will describe a curve called
a parabola. The linec E D is called the directriz of the parabola,
and the point F the focus; the line A F, perpendicular to E D,
the azis, and the point B, in which the axis intersects the curve,
the vertex of the parabola. Points of the curve may be found
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thus: take any point in the directrix, as E, and draw, E F to the
focns ; draw also, E L perpendicular to the directrix, and at the
point F make the angle E F L equal to the
angle FEL, then the point L, at which
the lines E L and F L intersect, is a point
of the curve.” 4
How nearly this Conicograph can be .- £ .
made to fulfill these conditions will be '
scen by the following: reference being
made to the diagram, Fig. 44, and the per-
spective, Fig. 45, wherein the bar 6 is
shown a8 (,ontrolled by its “Tee” head and the straight- Ldorc
V W, so that it lies constantl)

s parallel to the axis of the para-

bola, and the point H thereon
may he made to lie always on the
directrix ED. Let F be located
+ = in the focus, and the angle of the
parallelogram opposite to F be
~ pivoted to the point H of the bar
6, then F H is exactly bisected at
O by the tangent bar 8 T, since
by construction S I1 = 8 ¥ and
HT=TFT If from the peint
H, G H be drawn perpendicular
to the directrix, it will intersect the tangent bar S T at G, a point
in the curve for GII = G F and O = O F. Since GO is

— N T
1

\

Flo 4. f

common to the two triangles, O G H and O G F, the angles FHG
and H F G are equal.
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In order to adapt this instrument to these conditions, the adjust-
able slide E shown in Figs. 39 and 40 must be removed from the bar
6, and the attachment shown in Fig. 46 secured to said bar by the
screw at H, which transforms the bar 6 into
the *“ blade ” of a Tee square, the attachment
forming the “liead.” In drawing the para-
bola with this device a straight-edge must be
Q) placed on the paper, parallel to the directrix,
and alittle way from it. Along this straight-

 edge the head of the Tee square must be
moved while describing the curve, thereby keeping G II at right
angles, with the directrix E D and H always on it. .

The attachment shown in Fig. 42 is applieable to the parabola as
well as to the ellipse, and with it curves may be drawn parallel to
the parabola. In inking these parallel curves the pen-is always
directed by the tangent bar, as in the case of the ellipse, and with
equally perfect results.

III.—Tae HyprerBoLA.

In reference to the hyperbola, Davies may be again quoted :

“If two points, E and I (Fig.
47), be taken in the plane of the
paper, and a point, G, be moved
with the condition that it con-
tinue in the plane of the paper,
and that the difference between
the distances FG and EG bea
constant quantity, the point G
will describe a curve, P A G,
called an hyperbola. . . . The
points E and F are called the
Jfoct, the line B A is named the
transverse axis, and the points
B and A, in which it intersects the curve, ate the vertices of the
hyperbolas.”

Applying this Conicograph to describe an hyperbola, let the
needle-point of F (See Fig. 48, and perspective, Fig. 49), be
located at the focus of the hyperbola to be drawn, and the
needle-point of E at the focus of the opposite hyperbola.
In drawing an ellipse the slide G, carrying the marker, is
always between the points E and H, while for drawing the
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hyperbola it must always be placed beyond H. 1In order to
have it so located, the point H, in the adjustable bar 6, must
be pivoted (by means of the removable screw at that point) to
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that angle of the parallelogram opposite the focus F, one end of
said bar extending through the compound slide G, the other
through the adjustable slide E. Taking G as a point on the curve,
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GF=GHand EG — G F = E H, which latter is a constant,
therefore, if E be taken as a center and E H as a radius, the point
H will describe the curved directrix H h (Fig. 47). Bisecting F
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H with a line at right angles thereto will locate the tangent S T.
The angle G F H being equal to F H @, locates G as a point on
the curve, and also as the point of tangency of the tangent bar 5 to
the curve. Further, EP =~ FP = Eh = E H, therefore P is .
another point on the curve of the hyperbola.

In drawing an hyperbola, then, w1th this Conicograph, the ¢ set-
tings ” are as follows:

First, locate E on the adjustable bar 6, at a distance from H
equal to the transverse axis B A of the hyperbola—then make
A F = BE, and locate the needle-points of the instrument in the
foci E and F.

By swinging the point H of the linkage as far as possible above
aud below the axial line, the marker attached to the compound
slide at G will trace the required curve. To draw the curve of the
opposite hyperbola the points E and F must be transposed, as in
the case of the ellipse.

The attachment shown in Fig. 42 may be used for drawing
curves parallel to a given hyperbola.

This drawing-instrument is presented for your consideration
more as a novelty and curiosity than as a perfect machine, though
even in its imperfect state it proves to be a very serviceable Conic-
ograph, as the few specimens of drawings shown at the meeting
in connection with this paper will attest.

DISCUSSION.

Prof. McCord.*—I did not attempt in the reference which Mr.
Campbell has made, to do what he has so admirably succeeded in
doing, that is, to produce an apparatus which is capable of drawing
all the curves. I expressed the opinion some time ago that I did
not think, and I do not think now, that many gentlemen in our
profession will be greatly benefited by an apparatus of this kind ;
that is to say in general ; the drawing of hyperbolas and parabolas
cai be better effected without an instrument than with one; but
for all that the ingenuity displayed in this is just as admirable.
There will be special cases, however, where this instrument would
be very useful. There is no doubt of that. But Mr. Campbell
has done what I have not done. He has got something which is
different from anything which I had, and something which is more
general in its application than T had produced or hoped to produce.

* Present by invitation.
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Mr. A. B. Couch.—One of the special conveniences of this ap-
paratus is its ability to draw curves parallel to the ellipse. In lay-
ing down the lines for elliptical gearing, it is usually necessary to
substitute for the ellipse a series of circular arcs, for the purpose of
constructing conveniently the addendum and root curves, which by
this instrument can be drawn direct, and parallel to the pitch line,
which is an ellipse.
