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LETTER OF TRANSMITTAL.

i Niw ITAVEN, ConnpericuT, October 1, 1881,
Prof, WILL1AM I, TROWRRIDGE,

Ohief Special dgent :

Sir: The report herewith submitted presonts an outline of a very large subject. It deals rather more fully
with the economy of manufacture than with the types and uses of engines and boilers. The statistics of the use of
power are prepared and reported upon by others, and this fact precludes their consideration here.

The merits of the different types of engines ave well understood, but they have not hiere been very closely
compared, for although reports of trials and tests in great numbers are available, their resulis are not considered
finally decisive of the merits of peculiar features. In close comp'etition in cconomy frials the differences shown are
often dud to proportions and rauning condition no less than to vnigue design, and despite the Ligh results obtained
in trials, there is great room for improvement in the economy of ordinary practice even in those scctions of the
country in which it is of the highest financial consequence.

Teonomy of manufacture is a consgideration of high importance and deserving comprehensive study.

BEvety slight improvement in maehinery, or in system, requires greater intelligence in management, and
produces better results, registering a sustained advanee both in intellectual power and in material wealth,

Respectfully, .
UHARLES H. FITCH,
Special Agent.

(e
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STATISTICS OF THE MANUFACTURE.

The manwfacture of steam engines and boilers in the United States.

AVERAGE NUMBER OF

WAGES AND IIOURS OF LABOR.
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SIZE OF SHOPS IN ENGINE-BUILDING.—There are three classes of establishments which merit considerati.ou
in respect to engine-building. In the first the manufacture is pursued in connection with boiler-making, which
often constitutes a large portion of the work. In the second it is a manufacture solely of engines and kindred



2  MANUFAOTURE OF ENGINES AND BOILERS.

machinery. In the third we have a small class of factories whose facilities are exclusively devoted to the
production of the smaller engine parts, such as governors and valves. Of the two first classes we make the
following comparisons by size of shops rated in average numbers of operatives. These figures are the averages for all
the shops of the kind in the United States excepting a few in which the work is of a special or involved character:

Engines and boilers.

PER OPERATIVE.
Operatives in shops.
Product. Capital, Matorial, Labor.
100 and OVOr v eeean.. $1, 584 $3813 $807 $438
GOt0 100 ceevrreinunen 1, 562 1,824 720 470
101050 wunivnnsennnns 1,535 979 008 469
Yoss than 10...c..... 2,150 803 1,005 510

The increments of value of product above material are $687, 8842, $837, and $1,055 for the several classes in
the order stated. .

‘Engines and machinery.

PER OPERATIVE.
Operntives in shop, *
Product. Capitnl, Material, Lahor.
100 and OVOL vveuneen. $1, 865 051 $052 $504
5010100 cenvvannnns 1,275 1,250 405 485
10t 850 weneninnnnnnns 1, 855 1,001 592 432
Tooss than 10..o...... 1,500 1,278 503 477

The increments of value of product above material are $713, $780, $763, and $914 for the several classes in
the order stated. , ‘ ’ .

The following comparison is also made between factories engaged in the manufacture of steami-valves, steam-
gauges, and governors: o

PER OPERATIVE,

Product. Oapital, Material, Labor.
Steam-gouges........ $1, 638 $1, 255 $720.- $519
Steam-valves........ 2, 520 3,240 1, 337 468
GOvOrnord. eeseuan... 1, 680 1,103 o714 444

In the manufacture of governors we have an example of the manufacture of small iron parts; in ganges and
valves more generally of small brass parts. The small iron work requires less capital and has a smaller value of
material and product per operative than the brass work, The manufacture of steam-ganges is a finer class of work
than the manufacture of steam-valves. This is exhibited in the relative costs of labor, and in the fact that the
value of material is increased about 55 per cent. in the former .against 47 per cent. in the latter process of
manufacture. The manufacture of steam-valves is a more highly organized work, employing large capital, and
enabling much larger quantities of material to be handled per operative than that of steam-gauges.

The manufacture of engines and boilers together may be expected to present some extremes of comparison as
one or the other of these two classes of work preponderates. The largest shops (100 operatives and over) present
a small showing of capital per operative, whether compared with shops of similar size in boiler-making or in the
next class of engine- and boiler-making taken together., It may be said that engine-building usually requires a
heavier investment in real estate and machine plant than boiler-making, while when both manufactures are united
in one system a large and expensive establishment is inevitable. Sueh an establishment with a double purpose
costs relatively more in investment per operative for a small than for a large number of operatives. Bunt the
statistics do not necessarily indieate any such industrial cause, because there are certain variations in the returns
of capital which seem scarcely warranted by any basis of comparison. Thus for the largest class of works we find
the capital per operative ranging in engine-building from $166 to $3,350, in engine- and boiler-making from $125 to
$1,818, and in boiler-making from $200 to $1,500. These are the returns as made, but such extreme figures are
©xceptional in the returns,

In the class of work represented by shops with less than ten operatives each, jobbing, repairs, and general mill-
work have a large influence. The cost of labor is therefore high, a much greater increment of value is given to
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the materials, and the product per operative is of much higher value than in any other class. Doubtless the value
of the product in engines and boilers per operative for the first class, $1,584, represents in quality and quantity
muech more machinery than the greater valne per operative for the fourth cla.ss, $2,150. The higher valuation of
job work and of work in small shops remote from manufacturing centers exercises upon the financial statistics an
influence similar to that of the most effective work and the highest output for the labor in the large shops. The
small shops are so much scattered and have so little uniformity of work that there is no strong competition,
while the large shops, depending often wpon remote markets, are in acbwe competition, which tends to reduce the
valuation of the product.

SIZE OF SHOPS IN BOILER-MAKING,—In a comparison of a large number of shops rated by numbers of

operatives we obtain the following figures per operative :

PER OPERATIVE,
Operatives in shop.
Produoct, Cupital. Material. Labor.
100 and over ....c.aa. $2, 770 #1, 263 1, 856 $425
60t0 100 .iivnenuunnnn 1,248 510 618 424
1060 50 convrnerannan 1,708 735 1,026 431
Yioss thon 10..cnuuun. 1, 849 707 857 480

So far as size of boiler-shop is concerned, these fignures seem robbed of siguificance by the preponderance of
other considerations, viz, locality, quality and size of work. It would appear that only in shops of the largest
size do the increased prodnet and capital and the material handled per operative stand out in spite of considerations
other than size of shop. In the above averages the inerements of value of product above material are $914, $630,
$082, and $992 for the soveral classes in the order stated. "

A few words will explain any apparont inconsistency in the order of the figuves., Something of this is due to
locality, Values are upon a sliding scale for the different sections. Nominally labor costs least in the middle
states, Maryland, Virginia, Indiana, and Ohio. In New Ingland it is rated higher, and in the west ranges still
higher, being highest in California and in the seetions of the south and west remote from centers for the manufacture
of machinery. Coal is cheapest in Penusylvania, West Virginia, Missouri, Kentucky, Ohio, Indiana, Tennessee,
Dolaware, New Jersey, Maryland, Virginia, and New York, about in that order. As compared with its cost in
Pennsylvania we may say ronndly that it is more than doubled in Massachusetts, trebled in Minnesota and Alabama,
and more than quadrupled in California, that is, taking averages of the iron manufacturing sections of entire
states for comparison. The cost of iron is determined less by geographieal position than by commercial demand,
Its cost of transportation for the same value of material being small as compared with coal, its cost usually vavies
only a few dollars a ton for all large manufacturing centers from Boston to San Francisco.

Boiler-shops, with fewer than 10 operatives each, will chiefly Dbe found remoto from large nn\numctnrnng
sections, Labor is costly in two senses, both in the nominal rate charged and in the inefliciency of its application,
there being, since competition is sluggish, little incentive to obtain the most economical results. Iere, then, we
find tho cosb of labor a large clement of the value of the product. Materials are also oxpensive, but as much of
the work is in jobbing and repairs, the cost of new wmaterials appears relatively small. The investment may be
intrinsieally small, but high rates of interest, coupled with the imperfect and partial employment of facilities, causes
the latter to appear costly when compared with the value of the produet, For the same product per operative
the cost of facilities is nearly double that in the average of the larger shops.

In boiler-shops with from 10 to 50 operatives labor is both nominally less in cost and more advantageously
applied. The skilled labor is often of o higher grade, but more common labor is utilized. The work is more
continuous, less of it is in repairs, and a greater value of material is-employed, but the falling off in the cost of
facilities per operative is so great as to cause a falling off in the gross value of the product per operative.

In boiler-shops with from 50 to 100 operatives, labor costs still less, but the advantage is due to the better
disposition of large bodies of worlimen rather than to the introduction of costly labor-saving facilities. The cost
of material handled per operative is relatively small, This appears anomalous, but the number of shops averaged
is comparatively small, and a number of these are occupied in the mannfacture of small boilers and heaters and
variety work involving castings. The average grade of the work in this class is lower than the general average of
boiler work, there Leing, per operative, less capital investment, less expensive facilities, less cost of material, and
less cost of labor, all indicating a small class of work. ‘

In the largest boiler-shops, of over 100 operatives each, the facilities are much more costly, They are adapted
to handle large work rapidly, and the cost of material handled, per operative, is mnch greater than in the smaller
shops. They are adapted to save skilled labor, and although some labor of the highest skill is employed, these
facilities, as well as the necessity of a larger proportion of common labor to move and handle the heavier work,
operate to reduce the average of wages paid. The product per operative is greater than in the smaller shops, and
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ENGINES AND BOILERS,

Compiled from Tonth Census.

Maximum number of Operatives for each locality, not
inclusive of Railroad Shops, and a considerable indester-
minato number inseparable from other machine work,

26 Scale of Mup.

i




STATISTICS OF THE MANUFACTURE. 5

exclusive of returns of work for repairs, the increased value given to the material is greater per operative than in
the small ghops. This is simply due to the employment of the larger investments of eapital necessary in handling-
heavy work.

While if the work were of a uniform character for all sizes of shops we might expect a steady gradation of the
industrial factors, each class cited does in fact present most strongly a special character of work: the smallest,.
repairs; the second, medium; the third, light, and the fourth the heaviest work.

DISTRIBUTION OF ENGINE- AND BOILER-SHOPS. ‘

REMARKS ON THE MAP.—The number of operatives employed is of course no exact eriterion of the produet,
but may serve to indicate it in a general way. It should be borne in mind that the important manufacture of”
locomotives (with the work of locomotive repair shops) and of steam fire engines and pumps are not included in the
figures, but it is inevitable that the manufacture of machinery in connection with engines should be more or less
included. In a few cases, where engine-building is associated with ship- and bridge-building, an effort has been-
made to separate by estimate the proportions of the distinctive kinds of work, these being so far merged in the
actnal economy of the Lusiness that only estimates are available.

While we may see from the map how notably the manufacture of engines and boilers indicates the place-
and the importance of general manufacturing interests, in eaclh section the manufacture has its predominant.
characteristics which deserve to be noted,

In New England the manufactare of engines and engine parts predominates, and it is estimated that six-tenths of”
the whole number of operatives are engaged in this worlk against four-tenths engaged in boiler work, In Boston,
especially, the manufacture of governors, valves, gauges and other small parts which go to make up a steam-engine,
is pursued as a distinet industry. New England may also bo esteemed the birthplace of the antomatic cut-off”
engine, and this class of engines, of fine workmanship and large powers, constitute the greatest item of the
manufacture, Farm and portable engines are manufactured, although the small and hilly farms of this scetion do.
not permit the extensive use of the former, and this product is shipped mainly to the south. In boiler-making,
a considerable and increasing proportion of the product is applied in steam heating rather thaun for steam power.

In the middle states wo may consider that nearly two-thirds of thoe operatives are engaged in boiler work, In
New York city the greator part of the operatives work at marine engines and boilers, and their repairs—no small
item—since over one-sixth of the steam tonnage of the country is inspected at this port, and the foreign commerce-
is even in greater proportion, In Philadelphia, the manufacture of locomotives, not here included, employs a large:
nmmber of operatives. '

The manufactare of marine engines and boilers, with their repairs, constitutes the chief factor of the work along
the seaboard as far south as Norfolk, Virginia, whilo on the great lakes the heaviest part of this work is done at.
Cleveland, Olio; Erie, Penusylvania; Buffalo, New York, and Detroit, Michigan.

The manufacture of antomatic engines is pursned by large works in the middle states and in the west, bub in
the west and south, and especially in the great grain and lumber states, farm engines and portables constitute the-
largest item of manufacture, and large numbers of plain slide-valve engines are built. In the west the prominence-
of the industry in a fow localities is to e noted as an ovidence of the rapid growth of the country and of the great
demands of the surrounding scetions. In the south, Richmond, Virginin, is the great center for the manufacture
of portable and agricultural engines.

Of the great amount of steam power employed upon the Mississippi river and its tributaries, the supply of-
machinery is maintained mainly at Pittsburgh, Pennsylvania; Cincinnati, Ohio; Louisville, Kentucky, and Saint
Louis, Missouri, River and marine service is usually more exacting than land service, and a greater proportion
of the worlk is required in repairs, especially of boilers. Thus, boiler- and repair-shops are found established all
along the navigable waters, and it should be noted that many of these rivers are not shown upon the small-scale-
map. Boiler-making may be considered the pioncer industry. This, with the repairs of river engines, may warrant
the establishment of a shop remote from large manufacturing centers. Then, when the surrounding country
develops the demand, there is already established a small nucleus of skilled labor and facilities for entering upon.
the manufacture of farm and saw-mill engines. .

Tn the New England, the middle, and the more populous western states, the division of the industry is notable,.
engines and boilers being built in separate shops and under separate management, and separate factories existing
for the manufacture of the smaller parts. This is distinet from the practice of small shops along the river courses-
in which boiler-making, with engine repairs, is the rule, becanse the demand does not warrant shops large enough
to invest in facilities for the general manufacture of engines. Then, between the two kinds of worl there is a great
cementing bond in the manufacture of portable engines, in which boilers and engines being assembled together
are usually manufactured under one management. While small portable engines are turned out in quantities with.
nniform parts, as we might say, almost like pistols, it is obvious that in the manufacture of the largest blowing,.
pumping, and marine engines no such methods are available. In these the work is done by special contract fron:
the designs of special engineering skill. '
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In the southiwest (the Mississippi valley) and upon the Pacific coast the manufacture of boilers occupies nearly
seven-tenths of the whole number of operatives. This is Jargely due to the fact that the marine engines employed
are to a great extent manufactured on the Atlantic seaboard for the Pacific service, and at Pittsburgh, Cincinnati,
and other northern river points for the whole Mississippi valley. But in the northwest, the manufacture of steam-
engines being inevitably associated with that of farm, sawing, and milling machinery, the proportion of hoiler
work appears relatively smaller, averaging perhaps 40 or 50 per cent. of all, rating by numbers of operatives
employed.

L

LABOR.

CALCULATION OF PERCENTAGE OF SKILLED LABOR.—A ruile has been employed in deriving the percentage
of skilled men in the industry as follows:

A being the average daily wages for all, that is the wages paid in a year divided by the average number of
men employed and by 300, B the stated wages per day for skilled, and O for unskilled labor, and # the percentage
-of glkilled men, then 100 A =Bz 4 C(100— x) and

=100 —%___Q

+whenece we have the rule: Deduct the wages for unskilled from the wages for skilled labor and from the average
.daily wages, and divide 100 times the latter remainder by the former. Three hundred days are taken instead of
313 to compensate in some degree for lost time not returned. o

The results obtained are of interest, but not entirely conclusive. In the returns the time is sometimes stated
s short, and the average number of hands is given for the running time only, and not for the full year, nor with any
reduetion of average on account of lost time.

REPORTED TIME OF LABOR.—In the majority of the states either finll time or an average of over 99 per cent. of
Tull time is returned, the percentages being rated not by factoriés but by numbers of operatives. In theremainder
the averages are about—

Por cont. : Per cont,
Conneetictt oo ae v o et S0l MBSO« e v v v caces mmemmn e ceicc cemes e enan 03
Ponnsylvani woeveoiinvrnewnss . 97 Kansas. couea. revieramenaanes e sennenen b, 07
Maryland .ccovvuernnrinname semsacnacananes s 98 ORI0 cvvunn et rimmmrinc e e s cnnnrnnanns 03
North Caroling «ue. e iceesnrnn cnrr cmmmasnnan 87 INAIANG snveme vrnnrremunscamnrssensnennaunnnnn o7
Migsissip)l - v ccves mrmnvrnn e e s can cmn e 80 TIHNO0I8. cev e veet wammeremie e e memvonnonrascons 03
Loonisians oo oee i e e s R 03 JOWhe s cie inmnn vrmenrcananrt e neanen veeeen 0
KOUICRY + o ceernumencevsnm samnbin annnme rcancann 96 COLOTAMD oo e in e iia e vmrre e th e 84

A SOURCE OF ERROR.—Some cases are not fair criteria on aceount of the average number of operatives being
overstated. The statements returned for average numbers of operatives are rough approximations, the numbers of
hands employed varying from time to time. Itis to be expected that they will not always be consistent with the
stated time and daily wages paid. Shops which ron full time the year around often have for a time o short number
-of hands on account of break-downs, changes, repairs, strikes, short orders, severe weather, sickness of men, and
the like, and the proprietor has not often the averages of these changes calenlated to anicety to return to the census
agent. Inlike manner piece-work and overtime-work (paid perhaps at increased wages) may disturb averages based
.on regular full time. The tendency being mainly in one direction, error is not eliminated in the larger averages.

The usual tendency of manufacturers in making returns is not to shrink the apparent size of their establishments
by allowances for temporary and partial stoppages. There is a certain pride in the employment of a large number
-of men, and the general average is belived to be over- rather than under-stated, so that the average wages deduced
from the statements of average numbers of hands and wages paid will usually be found lower than the actual average

. wages. This is conspicuously the case in some individual returns of engine- and boiler-wovks, and doubtless has
great effect upon the general showing.

THE PERCENTAGE OF SKILLED LABOR.—The apparent percentage of skilled labor in engine-building and
Doiler-making caleculated by the rule explained, averages for the New England and middle states about 40 per
«cent., for the southern and western states about 30 per cent., and in the states and territories of the far west about
36 per cent. In some of the southern seaboard states this apparent percentage appears quite low, but it is higher
in the southern inland states. In sowme of the large grain states it is also low, but is as high as 47 per cent. in two
-of the northwestern states, a percentage exceeded in seven other states and terntorles, Kentucky, Kansas, Utah,
Maryland, Rhode Island, New York, and Oregon.

Average percentages of skilled labor appear ranging from 74 per cent. downward for the several states, The
general apparent average is about one-third. In the large engine factories of Rhode Island the average appeurs
at 51 per cent., in those of New Yorl at 48 per cent., and of Wisconsin at 47 per cent.

Three conclusions are very obvious in this connection: Tirst, that the percentage of skilled or highly-paid
work is usually greater in engine-building than in boiler-making; second, that it is relatively greater in small than
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in large shops, and, third, that it is greater for fine and light than for coarse and heavy work, These conflicting
conditions entering into general averagesin various unassignable proportions deprive such averages of the most
definite significance. ‘

The examples furnished by individual shops in which the conditions are quite definitely known will be found
of more value, and some such examples will hereafter be cited under the reference to division of labor in shops.
The foregoing statements of percentages of skilled labor are of some value relatively, but owing to the fact that
such percentages to be true must be calculated from the minimum average of number of workmen, allowing for all
lost time, and the usnal average stated being probably 15 or 20 per cent, above this minimum, the calculated
percentage of skilled labor is very much less than it should be. For the whole country the caleulated percentage
is estimated to average about half of the actual proportion of skilled labor, which should range from G0 to 80 per
cent, of all instead of) as caleulated, from 30 to 40 per cent.

DrvisioN oF LABOR.—The division of labor in shops may best be illustrated by examples in which somo data
of the character of the work are given.

A large shop in the west, employing several hundred operatives, has the following division of labor, rated in

. pereentages of the whole number of hands:

TPor cont, Peor cont.
Vigo Nands «cvevcacavacenenvnnnnrnanen e emnana 0,080 Blackgmitha e seee venenesnnecenenn seeneunnoncs 0,036
Other machinists «ovveer veeuwncinvacnsnen avnnanan 0,335 WoOod-Workers...n veerancemnsonreranersann cnne 0.052
Molders and cOTE-MAKOIB.uuuee sevesannmnaaannenn 0,127 Offico work, time-keeping, et6...cveevivenn cnnans 0.060
Laborers in foundery . cvewee aecare srneennnanaun . 0,075 ’ L ——
Other common Jabor.c.eeemnnsnamee caremnannnen 0,125 ’ 1.000
Boilor-makers ceu.veeevonn tene snumos snas sannsean 0,090

About 63 per cent. of the labor in the foundery is skilled. Some milling, woodworking, and other machinery
is included in the product of the shop. Boiler-making was a minor portion of the work, perhaps one-fifth or one
pixth, counting all the labor involved. During the year the average attendance of men was 70 per ceut. of the
maximum. The shop was running upon the average only 70 per cent. of full time.

In the above showing, the skilled and high-priced labor constitutes a large percentage of the whole number of
hands, viz., nearly 80 per cent. The variety of work done is great, Estimating by the rule previously cited, with
allowanco for lost time, we find average wages paid per day, $2 04, stated average wages for skilled men being
$2 25, and for unskilled, $1 35, whence we have a showing of 76 per cent. of skilled men, which accords perfectly
with the results of the more detailed inquiry. The importance of full time and steady work, and the disturbance
which a slight variation in the accuracy of statement of average number of operatives may cause in the calculation
of average wages is set forth in the following table from the undoubtedly reliable returns of this establishment;

Lates per annum per operative.

Number of oporatives. Capital, Wagos. | Matorials, | Products,
Maximim coveiveeivaminueinnnnas 1,200 §300 $400 $1, 200
AVOINEO comarrsrunsnnm sacnnunnes 1,716 428 057 1,715
Avornge ot full Hme. . cveve cunnnn 4,449 a2 028 2,440

The proportionate value of products to materials for the shop in question indicates that its chief work is the
manufacture of a fine class of engines and machinery. If we assign the common labor and clerical labor in suitable
proportions to the various distinet departments, we obtain in round numbers the following exhibit of the allotment
of labor: ‘

Teor cont. . Per cont.
Machinery, fitting and assembling «..cvver (vens 50 Blacksmithing....... emansreuannnnan nanass sannnn 7
Foundery work.eecesenvuusvnnan . 21 Wool-working avieeremr conveemccniommarconuunsn 6
Boilor-wWork cecscaenvinccnennarnmecs snrnes enuen 16

It is of interest to compare with the foregoing the division of labor in another large shop in which the element
of boiler-making is excluded, while the engine work is of a heavier character, some milling and other machinery
being ineluded in the produeti: '

Tor cent. Por cent.
Machinists weervercineiavmatcicerenimrnmnnnennns 35 W OOU-TWOTKOIB < s eives cnneensasasane snensnnuanns 10
MolAers veveusannesnonn P N aesrasascman smaans 10 Pattern-makers...coee covaiavas sususamarananann 2%
Core-mMakers.aeues sunesacems cnvans cune Careievean 4 Office, watchmen, and teaming..ccceevnrecnsereen 8
Laborers in foundery. ... cees venue vovenecars vanens 173 ""i‘o‘é
Other common labor ....... . bewnmeinae 9 :

Blacksmiths .o v vurevs connmasenmrracne sncncens . 4
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The proportion of wood-workers is large, becaunse the manufacture of mill machinery with wood framing 1y
“included, but the most notable feature is in the increased proportion of laborers in the foundery, while the proportion

of molders and core-makers is scarcely increased. This is simply because the work deals with leavier castings, -

Blacksmithing also is required upon fewer and heavier pieces. In the foundery only.44: per cent. of the lub()l: is
skilled. Full time is reported, but the average is only 84 per cent. as gre'at ag the maximum for_ce eml.)loyed. Fllne
skilled and high-priced labor appears less than 74 per cent. of all. Applying the 1‘1}10 for caleulating this p ercqntagc
from the average number of men, and the wages paid, we have: Average wages pzm_ld per day, $1 80; st&tqd average
wages being for skilled men, $2, and for unskilled, $1 25, whence we hzwe'a showing of 73 per cent. of skilled men,‘
which accords with the detailed resnlts, The rates per annum per operative are for th.e actual average number of
operatives: Capital, $887; wages, $5639; materials, $929 ; products, 1,685, the relative yalues of 1)roaufﬁt;s and
materials indicating heavier work than in the preceding case. A somewh'at smal'ler. shop in th.e samoe loeality, and
engaged in the manufacture of a cheaper grade of engines, has the following statistics: Fu}l time is reported, and
the average number of operatives is 96 per cent. of the maximum ; per annum per ‘opera.tlve', capital an‘lounts to
- 81,000; wages, $600 ; materials, $1,080; products, $2,200. The calculated proportion of skilled labor is G0 per
cent., the average wages being $2; wages for skilled men, $2 50; unsl:illeq, $1 25, ’:L‘he wqu ombraces less
variety than the other, and being more stereotyped, a smaller percentage of skilled labor is 1‘0(1111}‘0(1. .
The following statistics are given of five large shops in the east, all making automatic engines of large size,
All report full time and a daily period of ten hours’ work throughout the year:

Percentagoe of average to maximum number of operatives...| 70 81 100 100 90
Ter annum per operative: '
Capital $1, 205 00 $477 00 | $3,253 00 | 1,000 00 $1066 00 (2)
Wages...... 687 00 416 00 633 00 " 500 00 817 00

Material 439 00 1,107 00 1,833 00 600 00 417 00

Product 1,205 00 1,833 00 1,482 00 1,200 00 633 00
Average wages:

SIIeR IAbOT et e e e e aae 27 212 250 2 50 200

Ungkilled JAbOT . eaunnvemeesceiiie e eereiaa e eeeaenaae 150 125 135 125 125
Apparent average Wages paill «.ocooviovurnerinnriseriannenns 2290 188 17 1006 105
Apparent per cent. skilled Iabor. . cvvveneeiiivaieearannnnn. 63 15 37 67 (e}

@ No result,

By reason of overstatement of the average numbers of operatives the caleulated averagoe wagesy paid appear
too low in Z, 3, and 5. The apparent percentages of skilled labor ave too low in 2 and 3, and for 5 the resnlt is
absurd on the same account. Correction would of course alter the financial showing per operative. Shop 1 is
devoted to very heavy contract work, Shop 2 makes smaller engines to stercotyped patterns, and turns out
a much greater product per operative. If in Shop 2 the time or number of operatives had heen 20 per cent.
overestimated, we would have: Capital, §572; wages, $495; material, 81,436 product, $2,200 per operative;
apparent average wages, $1 65; skilled labor, 46 per cent. of all. Twenty-three per cent. overestimate would give
52 per cent. skilled labor, and so on, The shop in question is well known 5 its work is of a fine character; its
departments are similar to those of shops already cited, and the proportion of skilled labor is necessarily largoe,
probably as much as 60 per cent. of all. The return of skilled wages also shows a low rate. In only four state
averages is it Iower, and for the section in which the shop is located it is very low. The error in this and in similar
cases is easy to place. It is due simply to overstatement of average number of opemtfvcs on & hasis of full time,
It is not that such returns are not rendered in good faith. The usual attendance of hands is stated when the shop
is running at its normal eapacity. The full usual time is stated. Stoppage and half-time aro stated in unity of
wmonths. But if we take the time-keeper's hook wé find here and there a fow dayy’ or weeks’ shut down of a part of
the works, or the normal capacity has not been a8 well maintained ag iy supposed, and the actual percentagoe of
time to be deducted on this account may be surprisingly large. The practice of closing an hour earlier on Saturda by
makes 1§ per cent. difference. Two weeks’ shut down makes 4 per cent. difference, and an hour a day short for
half the year, 5 per cent. That the mean yearly average is overstated in the aggregate is plainly indicated by
three things: First, inconsistency in the calenlated proportion of skilled labor, as shown by many special inquiries;
second, the value of the prodnet per operative, which Las been caloulated Jor every shop, and often appears too low;
third, the number of large shops in which (as in 3 and ¢) the average number of operatives is returned as equal to
the maximum, The return is so made by about one-third of all the shops. '

I will cite the statistics of three more engine-building shops, which present fair examples; 6, of a large shop

building automatic engines; 7, of a shop building marine engines exclusively, and, 8, of a smaller shop, this last
being on the Pacific coast. . ' ‘
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8. 7. 8.
Porcentage of avorngo to maximum number of operatives... 100 100 100
Peor annum per operative:
Capital ..... PR cumasamernnatennisun resatacnennas [P $1,317 00 $500 00 $025 00
B 27T TR 452 00 480 00 792 00
Material o v vvnvervnnn. werrenran rudnanemeusenes 643 00 400 00 250 00
Produch.e.eeeenn-. rerremresarenmaenne rrmeanas emeereeans 1,327 00 900 00 | 1,375 00
Avorago wnges:
Skilled Ibor . e ansvenenanse rtrseraeneaceneans taerreeae - 190 2% 00 3 50
Unskilled JaD0r . - covvesrenrnssrenvisaassns . 115 195 2 00
Apparent average wages paid ..... sesisamsancianarenns . 1 50 160 2 0
Apparent por cont. skillod 1abor...cievuss 5 | 53 57

All return full time and ten hourg a day throughout the year.
Of the division of labor in three of the largest shops in the country in which the manufacture of boilers and
engines is combined under one management, the following tabulation is made:

a. b. [

{ Per cont. | Doy conds | Der cond,

Machino-ghop.enee.a 36 34 87
TFoundory....... coms 80 23 21
Bollor work....ccueen 18 23 25
Blaoksmithing .veeuns 7 0 10
Offico work, vt0.enun. 7 7 [
Pattornmaking...... 4 4 2

Thoe proportion of gkilled labor in the foundery ranges from one-half to three-fourths, The shops are located
in the south and west. All employ the most improved fools and facilities, and do thoroughly good work, and all
make a specialty of portable engines, building also stationary engines and boilers. Their statistics, as returned,
are given as follows, and with them, under the head d, the statistics of a smaller shop in New England, in which
the division of labor is similar, but with & greater proportion of boiler work:

a, b, e, .

Peroentago of average to maximum number of operatives. .. 100 100 o1 100
Por annum per operative:

Capital coveenneenn [P veemereus cresnsersensenuvennans| H777 00 $3560 00 #0256 00 $061 00

Woges.......- Cemvsemrsentaret amieses o runnue 444 00 350 00 312 00 664 00

Materinl ...... eetrsnananeetaienmraane et s 555 00 402 00 781 00 | 2,212 00

Product...... erreareaneiie [P venmanasraansenanes| 1,222 00 000 00 | 1,850 00 | 8,178 00
Averago wages: '

Skilled labor. . ...... N reeetematruans 1785 200 155 275

Tnakilled Inbor «vevveavannine,s Ceaternanas temnsenasrumuas 100 100 100 160
Apparent averngoe wiges paid . weeiaae 148 117 1 04 218
Apparent per eent, skilled labor.....van.s P, vren . 04 17 i 64 l

The actual percentage of skilled labor is probably not less than 60 per cent. in these cases. All return full
time, and ten hours is the customary time of day’s labor, but for half the year a runs at eight hours and 4 at nine
hours a day, for which allowance is made, '

Not so mueh is to be said in regard to the division of labor in shops devoted to the exclusive mannfacture of
boilers. In this we may usually estimate about 50 per cent. for the skilled boiler-making crafts, 20 per cent. for
laborers and helpers in boiler-making, 20 per cent., foundery work for the castings involved, and 10 per cent. for
the blacksmiting and other work, Sometimes the shop work is confined to the working of sheet-steel and iron,
foundery work not being included. In the strict work of boiler-making we may for heavy work estimate riveting
and calking to require 54 per cent, of the labor; flange-turning, and the most skilled work of boiler-making, 13
per cent.; common labor, rivet heating, and helping, 28 per cent. There are usually about half as many rivet-
heaters as riveters, The rivet-heaters are not infrequently boys, the work being both light and unskilled.

Of the statistics of boiler-shops, the following six examples may be taken as exhibiting the character of the
returns, The real proportion of skilled labor may be taken at between 50 and 70 per cent., possibly less than 50
in tank work, and a correction of the actual returns, ashere given, may be based on this understanding. The
shop ¢ makes marine boilers, and is located on the Pacific coast; b, located in New England, malkes large stationary
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Dboilers of a uniform type; ¢, located in the west, makes river-boat boilers mainly, and d, also in the west, is a large
shop, making stationary and portable boilers. A shop making tanks and boilers, mostly a low grade of work, is
represented by ¢, and a small shop in the south, devoted to boiler-making and repairs, by f:

o, b, 'y d. e g

Porcentage of average to maximmm number of operatives. .. 43 100 46 89 100 100
Por annum per operative: .

Capital vouvievenrriraroeatiantnrs conseccmrancennannines $520 00 | $1,200 00 $750 00 | $2,727 00 $952 00 $421 00

W'nges...................................' ................ 780 00 600 00 | 032 00 655 00 281 00 333 00

DMAtErinl c.veeve ccversemccre s eanannenasnuescmannnsnanas| 1,062 00 2, 000 00 2,315 00 1,704 00 | 938 00 526 00

Produch. «uveese avessesnensenansnadoenasannusssenanssnseas| £ 000 00 8,200 00 8,502 00 2, 500 00 1,248 00 1, 570 00
Averags wagos:

Skilled 1aD0r- s crveviemacnaninenen maasecmemnakasannaranan 3 60 29 2 50 2 50 225 2 50

Unakilled Iabor covvesvumaascane ey sameacanmnraseanntansans 2 00 160 175 160 85 100
Apparent average Wages Poid «.ovees i ciienrininaaiidoia 297 2 00 411 218 87 111
Apparent peroentnge skilled 1abor. .iovevnocn i riiiiiia 65 40 (@) (i 02 07
Timo YOtUrNed .vve vt cannmncraenenans Full. Tull, | & tofull Full, Full, | §tofull, |
Averago time, daily labor ......... 0% 10 10 10 10 0}

o« No result,

The showings of ¢ and £ arc due to the usual element of overstated average time. The peculiar showing of ¢
is due to unspecified overwork paid at extra wages. This of course swells the value of the product.

RATES 0F WAGES—As there are usually several grades of wages paid for skilled labor, the amount stated as
the wages of skilled labor is an average given by the manufacturer, and obtained from several rates. In engine-
building, ordinary labor swas not usnally paid at less than $1 per day at the time of taking the Census, exceptions
being mainly the labor of children or youth or other labor less than that of full hands, especially in small shops
remote from manufacturing centers. In the south we find colored laborers employed in the founderies and
Dlacksmitl shops, not in the skilled crafts, but only as helpers and blacksmith’s strikers,

The highest average wages are paid in the small, isolated repair shops, but in theso the work is less uniform
than in the large shops, while in their localities the purchasing eapacity of money is often smaller for the same
amonnt than near the large manufacturing centers,

Since 1870 rates of wages appear upon the average to have fallen off about 12 per eent., but it should Le
remembered that although the intrinsic worth of the product is now probably greater per operative than in 1870,
its commercinl value has fallen off about 15 per cent. while rated per operative the difference between the value
of prodnet and the cost of materials and labor—a difference which may be taken to include running expenses, avails,
and inferest on capital investment, has fallen off about 30 per cent. Quality considered, the same amount of
money would have purchased perhaps 20 to 25 per cent. more steamn machinery in 1880 than in 1870, although the
violent fluctnations in the cost of iron during 1830 were enough to impair the accuracy of any general statement.
There can, however, be no doubt but that the general purchasing power of wages paid in 1880 was greater than in
1870. ‘

There is one evidence of the state of manufacture in the various sections which deserves to be noted here. It
is in the relative rating of skilled and unskilled labor. Positively, the rates may furnish but an wncertain gauge
of the skill or of the comforts of the workman, since $3 50 a day, with irregular time of work in one section, may
yield a smaller living return than $2 50 a day with steady work and low cost of living in another section. But
when we note the relative rates for skilled and unskilled labor we see at once that in those sections in which
.mechanical facilities are most {ully developed and manunfacture is pursued upon the largest scale, the wages of
skilled mechanics are sometimes no more than once and two-thirds the wages of unskilled workmen, while in small
shops with few facilities and little organization, the rates for skilled men are sometimes two, three, four, or even
five times as mueh as for the unskilled. In the former cases the unskilled labor is of a higher class than in the
latter. :

The manufacture of machinery differs from the manufacture of iron in its cruder forms, and to some extent
also from Dboiler-making, in the influence which it exerts upon the condition of the laborer. In the latter, asin
some other classes of manufacture, improved and enlarged plants tend mainly to increase the number of laborers
of little skill. The machine often takes the place of skill in a considerable body of workers, But the manufacture
of steam engines and other machinery is so various in its processes and so complex in its organism that its
improvements will be found to stimulate intelligence.

Tor the several sections we find that in numerical value the wages of the skilled men are slightly more uniform
than the wages of the unskilled, but in intrinsic worth—that is, in local purchasing power—the wages of the skilled
men are the more uniform than those of the unskilled. The rango of wages of skilled men is from $4 50 to $1 90
(83 to 82 25 usual). Tor unskilled men the range of wages is from $2 35 to 50 cents ($1 40 to $1 usual). Taking the
averages of the shops of large sections, the ratio of skilled to unskilled wages is about 1.70 to 1 for New England,
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1.75 to 1 for the west and northwest, about 2 to 1 for the middle, and about 2.15 to 1 for the southern states. This
average is.taken by states, and the influence of small shops is offset against that of large, making the ratio too
great. Thus, for the southern states, if the average ratio were taken proportionately to the numbers of operatives
in the shops, the influence of the large shops in Maryland and Virginia would bring the average ratio below 2.
But the lowest ratios oceur in the large mannfacturing centers, where skilled labor is most demanded and best
appreciated. Tn these places the intrinsic worth of the wages of skilled men is relatively high, and as the value
of the wages of unskilled men approaches nearest to that of skilled men in these same localities, there is greater
rariation in the true purchasing value of the wages of unskilled men in the various sections than would appear
from the numerical rates of wages. 4

In engine Dbuilding, as in some kindred industries, the higher development of the work by more productive
methods elevates alike the intelligence required and the pay and living condition of the common laborer. Nor
shounld it be forgotten that eommon labor, unlike skilled craft, is interchangeable among all industries in any given
section of tho country. Such tendencies then are to elevate common labor, not in special or protected industries,
but as a whole, and it is unquestionably so elevated in this country. Thus, while the manufacture of agricultural
machinery hag released great populations from the necessity of tilling the soil, the wages of the farm laborer are
inereased Dby the drawing of labor into mamnufactures. The increased efficiency and the increased returns are
shared by noearly every class of labor so Jong as the country is, ag at present, in a growing state.

I conclude this consideration by giving the following averages for large numbers of shops making, respectively,
engines and boilers, engines and machinery, and boilers exclusively. The average number of operatives is reduced
to a uniform scale of ten hours’ a day labor, and full time during the year so far as the lost time is returned, but it is
still considered that thereis an averagoe of between 10 and 20 per cent, of lost time, for which no allowance is made,
or, in other words, the nominal number of hours’ labor being ten hours a day, a strict allowance for all lost time
would probably reduce the average to something less than nine hours a day, a fact to be borne in mind when
comparing rates of wages with those of foreign shops in which the men have to work a greater number of hours a
day,

Of the shops engaged in this manufacture in the United States, only five report twelve hours? a day labor, and
in these this rate is maintained only half the year. It maythen be said that the averages for wages of skilled and
unskilled labor are based upou ten hours’ a day labor, but I have based the average daily wages paid ab the rate
of eight aud one-half hours’ labor for the stated averagoe number of operatives. This may seem a large reduction,
bub even this is not large cnough to account for the proper proportion of skilled labor in the large Loiler-shops.

BormLer-MAKING,—Nine large shops, with 1,517 operatives, show an average rate of wages for skilled labor of
82 52; for unskilled, $1 245 ratio of wages of skilled to wages of ungkilled labor, 2,03, Average wages paid at
ten hours, $1 53; eight and onc-half’ hours, $L 30; percentage of skilled labor, 22 per cent. (underestimated).
Ninety-seven smaller shops, with 2,006 operatives, show an average rato of wages for skilled labor of 82 36; for
unskilled, 81 35. Average wages paid at ten hours, $1 94; at eight and one-half hours, §1 65; ratio of wages of
skilled to wages of unskilled labor, 1.75. IProportion of skilled labor, 58 peor cent.

BOILERS AND ENGINES.—Seventeen large shops, with 3,070 operatives, show average wages: skilled labor,
$2 21; wnskilled, 1 27; ratio, 1.74. Average wages paid at ten hours, $1 78; at eight and one-half hours, $1 51.
Proportion of skilled labor, 54 per cent. o .

Eighty smaller shops, with 1,885 operatives, show average wages: skilled labor, $2 40; unskilled, $1 30;
ratio, 1,85, Average wages paid at ten hours, 81 93; at eight and one-half hours, $1 64. Proportion of skilled
labor, 57 per cent. )

INGINES AND MACHINERY.—Fourteen large shops, with 3,213 operatives, show average wages: skilled labor,
$2 21; unskilled, $1 27; ratio, 1.74; by a coincidence, the same as in the manufacture of boilers and engines in
the large shops cited. Average wages paid at ten hours, $1 98; at eight and one-half hours, $1 69. Proportion
of skilled labor, 75 per cent.

Tighty-three smaller shops, with 2,313 operatives, show average wages: skilled, $2 32; unskilled, 1 25;
ratio, 1.85. Average wages paid at ten hours, $1 87; at eight and one-half hours, 1 59. Proportion of skilled
labor, 58 per cent. )

The arbitrary time allowance taken causes the proportion of skilled labor to appear smaller than probable in
most of the foregoing cases. The object in taking averages of selected cases is, so far as possible, to exclude
anomalons conditions and to express general and ordinary conditions, for the manufacture of engines and boilers
is associated with many other manufactures, from bridge iron fo hardware and agricultural woodwork. Thero is
a growing tendency to build machinery with a steam eylinder to each machine. By this arrangement power is

‘advantageously applied, and does mnot run-to waste in transmission, nor when the machine is ab rest. Of this,
stone-crushers, calendering-machipes, nail- and freightage-machines, hammers, drops, trips, windlasses, and many
kinds of special machinery, may be cited as examples, and these will suffice to indicate how impossible it s to
mako a clearly defined separation between gngine-building and other machine work.

.



12 | MANUFACTURE OF ENGINES AND BOILERS.

THE MANUFACOTURE OF LARGE AND SMALIL ENGINES AND ENGINE PARTS.

The following observations upon the manufacture of steam-engines are not founded upon the practice of any
particular builder or manufacturer, bub upon a mass of data often more or less contradictory and derived from
‘many sources. There is in the manufacture a great variation in the product and a considerable variation in the
methods pursued, so that there must be many exceptions to any general statement. In bids for specified machinery
in competition, prices will often range very widely, sometimes as 1 to 2, or more, and general statements of so
varied & manufacture as steam-engine building are, it must be confessed, a somewhat vague specification,

In mauy shops there is a highly developed system, and if in some of them the productive operations are more
or less merged or confused, some knowledge and principles of value may yet be derived from their study.

The.steam-engine is made up of metal parts of great variety in shape and finish, The great weight of the parts
is of cast-iron, but some important parts of simpler forms are forged. In casting, the element of cost which is
mostnoticeable is the size of the piece, small castings costing more by the pound than large. Ithas been suggested
that a formula might be utilized in which weight ot castings and number of pieces should so enter that the proper
«charge for any specifiedl work of casting might be thereby dedunced, and it may even be said that the methods of
.estimate sometimes employed by founderymen are tantamount to the nuse of some such formula, Peculiarity of form
requiring extra earc in moulding is also an element which much be considered in estimating the cost of castings.
‘The next element of cost is in the machine-tooling, which differs with the surface machined and with the accuracy
of worl, the facing of a slide-valve, for example, costing far more for the area snrfaced than sueh work as the planing
of the frame feet on which the engine rests. In ordinary practice the machining of small pleces for similar areas
surfaced costs vastly more than the maechining of large pieces, on account of the time lost in resetting the worlk,
which in many classes of shop-work is two, three, or more times the period during which the tool operates upon the
work., Xor example, to bore out in 3- by 4-inch cylinders the same surface as would oxist in a 90- by 14d-inch
-cylinder would require the small work to be reset and centered over a thousand times. The cost of assembling is
not closely assignable, and the cost of investment, teaming, common and clerical labor, etc., can only be estimated
in a lump percentage. In these last items chiefly reside the opportunities for profit due to careful management and
effective bLusiness gystem.

Let us now mentally place before us an engine of an ordinary style and size, a horizontal slide-valve engine,
with a 10- by 20-inch cylinder, an engine commonly rated at 30 horse-power nominal, and which will realize that
power with fair economy under proper conditions of speed and pressure. Such an engine has a cylinder-volume of
0.91 cubic feet; it will weigh without auxiliary irons and fitting between 5,000 and 7,000 pounds, and will cost
‘bhetween $600 and $800.

Its parts are very numerous if we enumerate overy pin, bolt, and washer, but those which constitute the
principal elements of weight and cost may be easily considered. I divide them for convenience of consideration
4into three classes, heavy, medium, and light. In the first I place the fly-wheel, the frame, and the dise-crank and
main shaft together, the engine considerced having a disc-crank which, like the fly-wheel, assists in the regulation
.of the speed. The cylinder (shell), which weighs about 325 pounds, might be placed in this class, but as the
-considerable proportion of tooling upon it brings it more into keeping with the next class, it is placed there, and
with it the steam-chest, slide-bracket, cylinder-heads, piston, outboard bearing-block, main bearing-cap and
quarter-boxes, connecting-rod, throttle-valve, and large bolts. The cylinder shell ngunally weighs more in proportion
to the weight of the engine in the small than in the large engines, but some other pieces classed with it increase
in weight more rapidly than the average of the engine parts as we pass from the smaller to the larger sizes of
the engine. As comparatively light parts are classed the numerous components of the governor, the valve-glands
and slide-guides, piston-rod, eceentric, strap, bolts and pin, oil-cups, packing-rings, shoes, springs, crank and cross-
head Dboxes, liners, straps and keys, main and valve cross-heads, slide-valve, governor-pulley, eccentric-rod, and
piston-glands and bolts. .

. The parts classed as ¢ heavy” are estimated to weigh about 4,600 pounds; as medium, about 640 pounds (about
half of which is in the cylinder); as light, about 140 pounds, making their relative weight about 854, 12, and 2§
per cent. of the total weight respectively. Butin the estimate of the values of these parts, with an added percentage
for general and contingent expenses, we may consider that the heavy parts represent 56 per cent., the mediom
parts 24 per cent., and the light parts 20 per cent. of the value of the engine. .

For the same surface machined the work upon the fly-wheel costs less than upon any other part, because the
cut is a long continuous one, and balance-wheels and pulleys are such staple articles that labor may be employed
to the best advantage upon them, and without the diversion of changing the kind of worlk, which is always fatal
to a high efficiency. Precisely the reverse is true of the small engine parts, which, not being required in large
numbers, are often made at a disadvantage in respeet to economy. '

The cost of material and casting ranges from about 23 cents for the large to 3§ cents for small iron castings.
‘Cored work commonly commands a higher rate than castings made without cores, and contracts are often let at
-an average price for all castings, large and small. 'Wrought-iron parts and large parts of machine steel (such as

R
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:shafts) cost 2% to 3 cents a pound, but forged crank-shafts with return-cranks have a higher cost, which increases
with the size, as does the difficulty of forging. Parts of brass or bronze cost usnally from 20 to 30 cents, of
malleable iron from 6 to 12 cents, and of cast-steel from 10 to 15 cents a pound, unfinished. ‘

The difference in cost of completed parts by the pound is chiefly in the labor of machining and finishing,.
‘The greatest improvement in economy is to be sought here, and wherever iron or steel of manufactured shapes can
be utilized, the increased cost of material may be much more than compensated by the decreased cost of work in
the shop. The stock for a wrought-iron connecting-rod may weigh 50 pounds and require $10 worth of labor in
turning and finishing. A cast-steel rod to take its place may cost four times as much by the pound, but its weight
is about half that of the wrought-iron stock, while the cost of machine work is reduced to 5, showing a decided
advantage in the nse of the costlier material.

Of the cost of work on parts of engines, the figures cited are ealeulated to convey fair average ideas, and at
some time to serve as a significant gauge of future progress. From them there is considerab le variation, and one
is often surprised in going over actual cases to find how much certain machine-work costs when inefficient methods
are employed, and how insignificant the cost becomes when improved machinery is applied. X do nothere consider
the cost of investment in machinery. Amn engine part which costs 4 forged at the anvil and finished without special
tools, costs only 1% cents when drop-forged between steel dies and finished by special milling-tools. '

Tor the 10 by 20 engine the pound-costs for machining will be about § eent for the fly-wheel, # cent for the
frame, 2 cents for the shaft and disc-crank, 2 cents for the cylinder, 8 cents for the eccentric-rod and strap, 10
cents for the piston-rod, 10 cents for the slide-valve, and 20 cents for the connecting-rod. The parts specified as
heavy will cost about "?; cents for material, 1 cent for work ; medinm, 34 cents for material, 5 eents for work;. light,
43 cents for material, 30 cents or more for Work. ‘

As we pass from the small to the large sizes of engines it is obvious that we will soon reach a point at which
the large parts of a small engine wounld be no heavier than tho small parts of a large one, and thus the character
of the manufacture changes. Ifor an engine 6 inches diameter of c¢ylinder by 12 inches strolke of piston, ealled an
8 horse-power engine, the percentages of total weight are about 78, 18, and 4 per cent. for the specified Leavy,
medium, and light components. Tor & 20- by 80-inch engine, called 100 horse-power, these percentages may be
rated at 90, 8§, and 1% per cent., respectively. The percentages of total cost were found to be 51, 28, and 21 for
the small, against 75, 14, and 11 per cent. for the large engine respectively. The cases were not strietly comparable
in regard to some conditions, but the subject can only be treated by approximations,

The variation in the inereaso of weight of the differont components as we proceed from the small to the large
sizes of an engine bears upon the question-of economy of material, and warrants variations in design for different
sizes,

Let ws institute a few comparisons on this secore, taking o 6- by 12-inch, a 10- by 20-inch, and a 24- by 36-inch
engine for purposes of contrast.

Weights of engines.

0- Ly 12:inoh, | 10- by 20-ineh, | 24 by 80.nch,
Poundy, Pounda. Pounds.
Weight of engine with 1y «.ovvvsivnans 1, 000 56,700 85,000
Woeight of oylinder-shell ..o.oviiiiae.. 107 320 1,670
Weight of main shaft cereasneiienrvas 8 38 814
Weight, in cast-ivon, of o solid cvllmlex
equal to tho cyllm'lm HPAEH iewusanan 28 108 4,285

Patting the same comparatively, the weights for the small engine being taken as units:

(- by 124nch. | 10- by 20-inoh.’| 24 by 86-inch.

BIZING cvnennnmnrerrsnvsssniinmannns 1 8,60 28.75
Cylinder-81ell counieevinneesransncenens 1 3,03 15, 08
Main 8RALE ovvrevimnremannanianeans 1 4.75 HQ. %
Solid eylinder ......... L 4,04 48,12

It is obvious that a dise-crank suitable for srmll sizes of engine wonld add disproportionately to the weight of
@ long-strolee engine, In parts like the eylinder- shall whose dimensions are calculated with the addition of a
constant quantity to secure sufficient margin for stlﬂ"ness, the inerement provided for rigid ity becomes relatively
less and less as the cylinders increase in gize. In cross-heads and other small parts there is also a surplus of metal
in the small as compared with the large sizes. The area in cross-section of bolts for the cylinder-heads varies under
similar proportions and pressures aboub as the weight of the shell, but the eylinder-heads weigh proportionately

more in the larger sizes. In the above cxamples we see that the weight of the main shaft, which is one-thirteenth
VoL 22——29
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of that of the cylinder-shell in the G- by 12.nch engine, has increased to nearly one-fifth of it in the 24- by 36-inch
engine, and in larger sizes its weight is relatively much greater. The piston-head is relatively heavier in the
larger engines, but the piston-rods and connecting-rods are relatively lighter.

Considering the weight of a c¢ylinder volume as the unit of comparison, the frame and nemly overy part of the
engine is relatively lighter in the larger sizes, but considering, as understood in the foregoing remarks, the
average weight of the engine parts as the basis of comparison, then we have on one side the frame, main shaft,
crank, cylinderheads, piston-head, and usually the fly-wheel, growing relatively heavier, and the cylinder shell
and most of the small parts growing relatively lighter as we proceed from the smaller to tho larger sizes of engine,
The ordinary weight of fly-wheel for the specified engines 1‘uumug at 400 feet of piston speed per minute is as
follows, actually and relatively:

‘ G- by 12-inch, | 10- by 20-inch. | 24- by 36.dnch,

. Pounds, Pounds. Pounds,
Weight of fly.eeceeiinaeiiiiiinia 500 2, 040 12,000
Relabively «veeveeninreniaeansanniinas 1 4,08 24.00

The necessary weight is of course-dependent upon the rotative speed, and is relatively less in short-stroke
engines.

Ag we pass from the manufacture of small to that of large engines, the machine-tooling and workmanship is
& continually diminishing element of cost, and the cost of material becomes more and more the chief element. The
small parts, upon which much work is done, become relatively lighter and less important, and the work upon the
large parts is more continnons, while similar areas of surface are more cheaply machined. Wo notice this even in
the aspect of the shops. Where large engines are built the tools are of course larger and heavier, and the shop
gpace per man is greater, It also appearsin the statistics determining the relative costs of labor and material. But
while the statistics may enable us to malke a shrewd guoess as to the character of the work, they are not a certain
guide in thesoe respects, The cost of labor is relatively great in work of repairs, as well as in building small engines;
while the costof material returned may be relatively great in the manufacture of small eugmes by parties who
purchase some of the engine parts in a more or less finished state.

0osT OF AN ENGINE FRAME.—The following analysis of the elemnents of cost by the pound of an engine frame
finished, weighing about a ton, and worth $210, may be of interest, although it might go without saying that these
elements would be more or less varied under different conditions of manufactare. It shows in a very graphic way
how the cost of machinery is distributed, abont how much goes toward paying for the use of valuable tools, and
how much for the use of buildings, supervision, and facilities for obtaining cradit, and for marketing and transporting
the product. It shows how much goes for the labor of mining and transporting the constituent materials, and
how much for such auxiliary materials as files, oil, tools, power, and foundery coal, flux, sand, water, gas, and other
contingent expenses, and it shows finally how much goes for labor in the foundery, and for the varions kinds of
machine-work. Itis,to be sure,only an estimate for a single engine part, more or less variable in every condition
of cost, and yet the figures are not so far removed from ordinary conditions as to be misleading. The interest on
investment and machine plant is divided pro rata by a division of the ecapital investment among the annual
products of that investment:

Amonnt. 11&'1111;:;1‘11;1‘11.
Cente,
Tuterest on maching plant vvowean. .. $8 00 03
Interest on other investment «....... 82 00 13
. Middlemen’s profit in selling ........ 25 00 11
Constituent matorial .uveeevenounn. 35 00 13
Auxiliary material and oxponses..... 48 00 23
Foundery labor, 200 hours...... vaue,s 40 00 2
Machina.shop labor (a) ... 29 00 11y
Total cecamars e iieinnes 210 00 10%

« Twenty hours fitting and setting up; 15 hours planing; 10 homrs filing; 5 hours drilling; 5 hours boring ; 5 hours supervision; 15 hours gthor labor.

It is also to be noted that the value of frame is taken as it exists in the finished engine with its proportionate
allowance of cost for assembling and marketing.

RELATIVE 0OST OF PORTABLE ENGINE PARTS.—In passing from a 6- by 12-inch to a 10- by 20-inch mounted
portable engine, we find that the weight is trebled and the cylinder cmpa,mty is increased fivefold, while the price
is nearly doubled.

While the average cost of parés is nearly doubled, it will be noted that the price of some parts is increased
more than twice, while there is little or no change in the price of other parts. This conveys an idea of the relative
increase in the cost of manufacture of the several parts.
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Taking the prices of the several parts of the 6- by 12-inch engine as units, and comparing with them the prices
of similar parts of the 10- by 20-inch engine, we find for the following specified parts the following ratios of cost:

The ratio is 1, or value the same for both sizes, for brake-shaft box, brake-shoes, cylinder-cock, and angle-valve
for blower.

The ratio falls between 1 and 1.25 Io air-eock, axle-pivot, axle-pivoet ring, brake-lever ratehet, connecting-rod
liner, crank-strap, and double trees, :

The ratio falls between 1.23 and 1.5 for axle-saddle, brake, brake-ratchet, brake-shaft, box-cap, rock-shaft, and
double-seat valve. :

The ratio falls between 1.5 and 2 for cylinder-head (front), eylinder, cross-head key, cross-head Dbracket,
conneeting-rod body, conneeting-rod crank-box, brake-lever, brake-reach rod, ash-door, and axle-cap. The relative
- price of Loring cylinder is 1.8 to 1 in the two sizes.

The ratio falls botween 2 and 3 for axle front, ash-door housing, rear axle, bracket legs for skid engine, cap
for shaft-bearing, check-valves, erank and crank-pin, cross-head, cylinder-head (back), eylinder-head guide-cap,
and eccentrie.

The ratio is above 3 for band-wheel and cylinder lagging.

These figures generally bear out our conclusion from the study of stationary engine manufacture, namely, that
as the size of engine increases the weight element of cost increases more rapidly than the work (machining) element
of cost. Improved economy is to be sought chiefly in o system of manufacturing component parts in quantities.

To any ono familiar with this class of machinery the names above spoeified will convey a sufficiently clear idea
of tha shape and character of the prices.

ToUuNDERY WORK.—The foundery of alarge ongine-works presents a very different appearvance from that of
a sewing-machine shop, although it way be remarked that in some cases the foundery absorbs similar relative
proportions of the whole amounnt of labor emplcyed in the respective establishmonts, and also that the average
weight of metal cast per operative employed in the foundery may not differ greatly in the two cases. The small-
parts foundery has an orderly appearance, with rows of small flasks arranged in symmetry, but the foundery
devoted to heavy work presents as much a sceno of confusion as a systematic process of manufacture can well
exhibit. ]

In most engine-works loam and green sand molding are carried on in the same foundery. The cupolas are
commonly placed on one side of the foundery, near the loam-molding end, and conveniently at hand are one or more
heavy cranes, with a sweep enabling them to carry the molds formed upon the foundery floor to large drying ovens
at the nearer side and end of the foundery. Sometimes overhead and traversing railways aro used, but the ordinary
dependence is upon large jib eranes, which, for the heaviest work, are operated by stewm engines. The floor of this
part of the foundery is not only diversified by piles of brick and sand, but is thickly set with temporary molds and:
furnaces of brick and clay, with flues extending from point to point oL the uneven surface, and temporary brackets
and sweep fixtures above them. The molding with flasks is done in the farther end of the foundery, and if there
be shed or yard room in the vicinity, it will probably be found littered with an acenmulation of disused flasks of
various shapes and descriptions, In a small building near this end of the foundery, or in a loft above it, we will
commonly find the pattern-store-room, with n stock of models of machine parts, prepared at great expense, and
only a few of which can be employed at any one time. The rnmblers, or tumbling barrels, for cleaning small
castings, are usually set apart from the foundery in a partitioned inclosure, and the blower is placed on a platform
among the foundery rafters, its dvaft-pipes extending to the sevoral cupolas. The cupolas having their vents above
the foundery floor are charged from above, outside the foundery. An incline leads to this part of the cupola, and
up this incline the iron, flux, and fuel are wheeled or otherwise carried. Some of the larger founderies have hoists
for this purpose and others have inclined railways operated by power. The sheds, with bins for the storage of
coal, sand, fire-clay, and other supplies, are also necessary adjuncts of the foundery.

In a large engine- and boiler-works, the foundery floor usually constitutes between one-sixth and one-eighth
of the total floor-space, and the number of square feet of floor-space per operative usually ranges between 04 and
100 square feet, In American shops the ordinary foundery for gray iron castings is a very conspicuous feature,
In engine-building, a distinctive difference between American and English practice lies in the greater use of cast
iron in America. This' may be largely attributed to the excellence of American cast iron as compared with the
English in the grades used for engine castings, the English Oleveland ore being liable to produce porous castings.
Eeccentric straps, brackets, and portions of the framing, made of wrought iron in England, are almost invariably
made of cast iron here. In English steamers the bed-plates and condensers of the engines are frequently made of
wrought-iron, but here the frames and the condensers (unless cylindrical) are made of cast iron. Of course there -
are some exceptions, The United States steamer Susquehanna was built in 1847 with wronght-iron engine frames,
but the ordinary rule i§ cast ivon. The tendency is to avoid blacksmithing, and if cast iron be unsuitable for an
engine part, cast-steel or malleable iron, both of which are in growing favor, are often used in preference to wrought-
iron forgings, especially if the piece be of a complex pattern. The forged parts of a frame are usually built up and
bolted together, where & similar frame of cast iron would be made in one piece. In some cases the cylinders,
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fra.mes, ‘and bed-plates of small upright engines arve cast in one piece, where they were formerly cast in three. All
the coring, boring, reaming, counter-sinking, planing and turning for at least eight large bolts are thus dlqpensed
with, and the construction is lighter and more steady.

In the handling and transformation of materials in the foundery, the proportions and economy of these
materials, and the waste of metal in founding, first merit our consideration. The engine-foundery employs pig-
iron as its raw material; but to go back a step, in casting iron pigs the ore weighs 1} to 3 times as much as the
pig-iron produced, the hmestone (Bux) used ranging from one-twelfth to five-fourths of the weight of the pig, and
the fuel from three-fourths to nine-fourths, usually about five-fourths of the weight of the pig. In casting iren pigs
the reduction of weight from the ore to the pigs ranges from 20 to 75 per cent., and the further reduction of weight
from the pigs to the formed casting may be amply estimated at 8 or 10 per cent. The wastage is greater than
this for scrap and burnt iron. The loss of weight in melting is stated for new iron (pigs) to be 2 to 8 per cent. in
stove founderies, and 4 to 10 per cent. in machinery and engine founderies, but for old plate- and sheet-iron. the
loss is from 20 to 30 per cent., and for burnt iron from 25 to as high as 60 per cent,

In the final casting of the machine parts the proportion of coal to iron iy different and very much less than
in casting pigs, the proportions being, coal 1 to iron from 7 to 9 in ordinary cases and depending upon the fluidity
required in the iron.

In founding small machine parts the early part of the day and until about 3 o’clock in the afternoon is occupied
in molding, and afterward the men talke up the work of pouring the metal into the molds.

The power employed in a foundery is mainly used for blowing and rumbling. It averages in ordinary cases
about four-fifths of a horse-power per operative (molders, core-makers, and laborers)in the foundery. Asaruletho
larger the capacity of the cupolas, the smaller is the relative amount of power required for the same metal flowed.

The output of a foundery by weight per operative varies greatly with the character of the work, Itis in most.
cases fully as great for small green-sand castings as for heavy loam-castings, because. the latter require so much
more work of preparation and so many more laborers and helpers that the average daily flow per operative appears
reduced. In alargefoundery, with 96 operatives, having two 5-foot eupolas, 10,000 to 20,000 pounds per day were
flowed. This, at an average of 15,000 pounds per day, would be 156 pounds per hand per day. Another engine.
and boiler-shop has 200 men, abount 35 of them in the foundery. There is one cupola with a maximum capacity of
nearly 6 tons, but the average daily flow is 6,000 pounds. In other founderies, from observations and estimates,
the weight of castings produced was found to range from 85 to 250 pounds per hand per day (molders, core-makers,
and laborers). In one foundery of 36 men 4 tons per day are melted, an average of 222 pounds per man. As the
cost of castings is usually rated by the pound, this is a very practical method of considering the matter. Tfor small
work we may establish a limit of output at which a foundery ceases to be a source of revenue. This also would
serve to call attention to the importance of the value of time and to stimulate the employment of the best flagks
~ and facilities. It is needless to say that it is in this as in other work—a diligent attention to these particulars
makes all the difference between a paying and a profitless investment. In a foundery for small work, especially
where hinged iron flasks are used, and in bench-molding in whieh machine-presses have effected a surprising saving
of skill and time, a system may be mapped out by managers which may be easily followed and will give improved
results, but in loam-molding no such uniformity nor mechanical routine is possible. In this, efiiciency depends
apon the skill and ingenuity of the molder, and the imaginative power required in getting out a complex casting
with its molds and fixtures must be exercised to be appreciated. The loam-molder, like the engineer- and machine-
designer, must be highly imaginative and cannot prosecute the highest arts of his ecraft withount the possession of
mental faculties of a kind in which persons with the most liberal collegiate education are often deficient.

Small castings are made in molds of green or damp sand held in flasks. The flasks are usually wooden boxes
with cars or lugs and pin-holes by which they may be held together., In forming the mold several flasks may be
mounted one upon another. An upper flask is called a cope, a lower flask a drag, a flask to draw out sidewise &
cheele; A wood pattern is employed of a shape similar in most respects to the proposed casting, but a little larger
to allow for the shrinkage of the metal in cooling, which is about one one-hundredth, or one-eighth of an inch to the
foot, The pattern is divided into as many parts as may be necessary in order to take it out of the mold (after the
sand has been formed about it) by the temporary removal of the cope or one of the cheeks. The lowest part is set
into a drag in which its shape is formed in the sand. The upper part or parts are properly placed npon it surrounded
by flasks which are filled with sand to make the impression of these parts. A coating of parting sand prevents
the green sand in adjoining flasks from sticking together, so that each flask may be handled separately. They may,
therefore, be taken apart, and the pieces of the pattern may be lifted out or removed. Then, being replaced in
position, a hollow of the form of the casting is left into which the metal is poured through holes formed in the
mold, while other and partial vents permit the escape of gas from the molten liquid through the body of the mold,
To form holes in the casting, cores are made which are set into the mold separately in core- -prints. If these cores
formed part of the pattern it conld not be lifted out of the mold. The difference in form between the pattern and
the casting is that where there is a hole in the latter there is in the former a little boss or projection which forms
a print in the mold in which the core rests. The cores are commonly made of sand, flour, and molasses, and are
baked hard in ovens. The work of the green-sand molder is to fill and ram down the sand in the flasks so as to




STATISTICS OF THE MANUFACTURE. 17

make a good mold, with proper vents for the pouring in of the metal and the escape of gas. Upon the removal of
the pattern the interior of the mold is carefully smoothed and finished by slicks (smoothing tools of various designs
for finishing the surface of the mold), and is made ready for the pouring of the metal. Tfor small pieces the flasks
and molds may be prepared most conveniently upon raised benches, and this work is called bench-molding.

TFor large work and great variety of design the building and storing of wood flasks and patterns would involve
great expense, and resort is had to loam molding, In green-sand molding a man of ordinary intelligence may learn
to dog certain class of ““straight work?, especially if' agsisted by hand-presses, in & very short time, althongh the
full knowledge of the craft requires a long apprenticeship, but loam molding presents greater difficnlties, The
molder has first to build and fashion the mold to form the under side of the ecasting., Upon this he has to build
the pattern, and upon this an upper mold, These constructions are of brick and clay mortar for the molds, and of
clay and wood for the patterns. The lower mold being built upon a bottom plate and the upper mold upon an
annular or encireling cope-plate, and the clay surfaces being prevented from sticking together by black washes or
other parting facings, the molds may be taken apart and the pattern removed leaving a space to be occupied by
the molten metal. The sustaining plates are of iron. Surfaces of revolution are formed in the clay by sweeps of
the reverse form revolving upon temporary spindles, Cores and partial patterns of wood are used in huilding up
the pattern, as some of its surfaces cannot well be formed without. In the molds the clay is sustained by the
brickwork and by pieces of iron called “gaggers” inserted in the joints of the brickwork, The gas-vents are
formed by molding ropes of straw into the ¢lay and brickwork of tha mold. Sometimes it is necessary to support
or steady the cores or upper molds by inserting bits of tin or iron which can not be removed and are cast into the
work, These are called chaplets. After cach portion of the mold is pubon, its surface is partly dried by borning
charcoal held in braziers of wire, o by removing the part of the mold and placing it in an oven. Provision has to
be made for lifting the several parts. The bottom plate is provided with lugs over which links are passed, and
these are sustained by cross-bars or crosses wlich are lifted by cranes. The upper surfaces of the bars are toothed
or notehed to prevent the links from slipping, and levels are adjusted by means of intermediate lLooks with turn.
buckles for serewing up. If there be o cope-plate above and around the bottom plate, it may be lifted in a similar
manner, but a portion of the mold which rests over the pattern has to be provided with a pricker-plate for lifting,
Such & plate has rings on top and straight and diagonal teeth below, so that the adhesion of the clay, which is
partly dried Ly a brazier, will litt the mass below it. Pricker-plates are built into the mold. Before casting, the
mold must be baked thoroughly. If possible it is lifted and transferred to an oven, and in some founderies molds
of large size are built upon rolling platforms so that they may be wheeled into the oven, DBub the largest molds
have furnaces of brick and sheet-iron érected about them with & proper aperture for the chimmey. The temporary
farnaces built in the floor are often large enough to contain several hundred pounds of coal. They are of simple
construction, a fire-box, a grate, and an ash-pit under it, and an opening on one side of the masonry covered by
iron plates which.are set in 1o form the fire-doors. Ripes convey the products of combustion to the casing of the
mold, and provision is made for thoe access of the hot gases to every part of the mold. For a large mold the firing
is contmued several days. The mold is then examined for cracks and defects, which are puttied up, It ig re-set,
the top plate is put on and clamped to the bottom plate, the whole mold is surroanded by a boiler-plate inclosure
- rammed {ull with sand, and the mold is ready for the pouring in of the metal, iron pipes bemg placed in the sand
. to lead the gases from t;he straw-rope vents to the surface.

The foregoing is a scantling of the principal processes of founding, which will be readily understood. It is
almost needless to say that in the actual work many contingencies have to be met and many precautions ohserved
which are not here touched upon. For a 4-bladed propeller there are four side or cheelk molds; the hub is formed
in clay, but the blade-molds are formed to a wooden pattern, one pattern being used four times. Where ribs
and hubs oceur upon a surface of revolution the surface is formed by sweeps and the ribs and hubs are pieces of

varnished wood set in. Inmolding large gears machines are sometimes used for making and spacing the forms of
the teeth in the mold.

Loam-molding requires a coarser sand than green-sand molding, and instead of being merely damp the sand is
redneed to a mortar, Green-sand molds are often dried in ovens, especially upon delicate work, for which the
- molds would otherwise be too fragile to resist the flow of the metal.

Of the time required in the operations of loam-molding some idea may be rrmned from the following examples:
For making the mold or core of a large horizontal engine frame, the casting Welghmg 9 tons, a week’s labor was
required. Tor a propeller of over 3 tons weight and 16 feet in djameter a molder and a helper were half a day in
building up the mold under a single blade. We may imagine from this the amount of time and labor and the cost
of failure in molding and casting a propeller of 24 tous weight, such as that of the Cunard steamer Gallia. The
largest steam cylinder ever cast was that of the engine of the steamer Pilgrim, at the Morgan Iron works. This
took 45 tons (net) of metal, which.required three hours and twenty minutes to melt, but was only two and a half
minutes in filling the.mold, being partly flowed in from two tanks and partly poured in from large ladles operated
by cranes.

In casting large work of irregular form the contraction of the casting by cooling is liable to leave portions of
the metal strained, either causing the work to break in cooling or to become liable to break under service. To
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guard against this Mr. Norman Wiard recommends that such castings be reheated in a brick oven and cooled
slowly while covered with slack lime.

If the uniformity of product warrants the expense, loam-castings may of course be made by aid of flasks and
patterns with nearly the same facility as those in green sand. In some engine rounderies flasks are used for
castings of the largest size, facilitating the work and diminighing the requirement of skilled labor. Loam, dried or
balked in an oven, makes firmer and better molds than green sand. ‘While, therefore, in some founderies a cylinder
of a certain size may be cast in green sand, in others this size would be cast in dried loam as the superior method.
But the difference in praetice would depend mainly upon the convenience of facilities and the frequency of
reproduction of a given form.

The rapid growth in the use of malleable iron and steel castings has been mentioned and promises to go to
greater lengths, especially in respect to steel castings. By heating small gray iron or ordinary castings to cherry
red in a covering of red hematite iron ore, and, cooling slowly, they become annealed and give up part of their
carbon to the ore making the casting tougher and from two to four times as strong. Steel castings are much used,
especially for parts requiring to be tough and strong but of shapes involving trouble in forging, particularly such
asg cross-heads and rocker-arms. These pieces are commonly made by parties making a specialty of this work and
are supplied to engine-builders. The difficulty in making thin steel castings is due to the avidity with which the
steel takes up earbon, but in the Cowing method the mold i8 of ground quartz, glue and flour, faced with powdered
silica, and the steel cmnnot take up carbon from the mold, castings having been made with asg little as .0007
per cent. of carboxm, and which will bend without a.nnealing. In the Ohester steel process castings are firsh
made of Bessemer steel in green sand. At first they are Lrittle but are annealed very much like malleable iron.
The use of the Chester castings iz highly approved in many classes of engine-work. There are various other
processes depending upon different materials of the molds, the castings being toughened by subsequent annealing,

BrAoKsSMITHING.—In ordinary stationary-engine building the tendency during the past decade has been to
contract the relative scope of the DLlacksmithing in more ways than one. The greater employment of steel and
malleable iron castings and cold-rolled pumyp and piston-rods is one reason for this, and the employment of more
powerful maehine tools is another, so that both foundery and machine-shop have encroached upon the former
provinee of thesmithy, The blacksmith-shop is a small department of the work in the manufacture of stationary
engines, especially of small engines. One map does the blacksmith work upon average on from 20 to 30 horse-
power (10 inches by 20 inches) engines per annum, The blacksmith-shop of a large southern engine-works has
8 fires and a total of 22 men, of whom 6 are colored men, these acting as laborers and strikers, and not being
8killed hands.

b The power employed in bla,cksmlthmg is used in operating trips and steam-hammers and varies greatly with the
‘weight of the implements used, which in turn varies with the character of the work, butin novery definitely assignable
ratio. In some cases about 2 horse-power per operative is employed. Hammers are of course the principal power
tools employed in blacksmithing., I'or small work these are built in great variety, drops and trips and direct-
acting steam-hammers with ingenious devices to attain two objects, the cushioning of the blow and the regulation
of its force and rapidity. By the improvement in these facilities the efficiency of labor has been greatly increased,
sometimes more than doubled within the past ten years, and the precision and accuracy of the work has also been
improved. In some shops a great improvement has been made in forging shafts under the drop with dies. For
this work steel dies are considered too expensive, but cast-iron dies, which are easily made, suffice to bring the
work so true that much labor is saved in machining., The advantage of this method is very conspicuous in making
certain large sizes of graduated shafting where it is estimated to involve an eightfold advantage in the saving of
time and labor, part of this being in the forging, but the greater part in the machining, there being much less
metal to be removed by the slow operation of the cutting tool. On the other hand, in some shops, it is stated that
the powerful cufting tools now in use are so efficient that the work from the blacksmith-shop does not require to

~ De, and is not, forged as close as formerly.

The most powerful steam hammers in the country are found at the large works at Pittsburgh, Bridgewater,
and Nashua, which make a specialty of heavy forgings, notably of marine shafts. The heaviest single shaft ever
made in this country was forged under a hammer weighing 8% tons, with a 7-foot stroke. To the steam piston of -
this hammer a pressure of 60,000 pounds might also be applied to increase the force of the down-stroke.

In marine work forgings are a factor of the highest importance, and the work being large and difficnlt the
operations are of great interest, The skill of labor required is of a different kind from that of the machine-shop.
The machinist may map out the course which he wishes to pursue and test everything with deliberation, and in
the machine-shop there ig a large body of workmen of the same grade of skill, In forging large work there are a
few men who are not only highly skilled -but are invested with duties which require such mental qualities that
many men would not be capable of fulfilling them. The master-hammer man on such work must not only act
correctly and with a skilled perception of the conditions involved, but he must act quickly; high qualities of

‘execntive decision are involved which may not be apparent from a mere description of the processes.

The following descriptions of the work of forging heavy marine machinery are derived partly from observations,
but largely from a series of very graphic and reliable descriptions which have appeared in the engineering journal,
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Mechanics. All heavy forgings are handled by means of porter bars, These are shafts or bars of a size in some
sort corresponding with the magnitude of the work involved. The iron is welded to them, and the forgings are
thus built out from them as a basis, and they afford a means of handling the work in every stage of its progress.
The forging of blooms and slabs from the scrapis a process which need hardly be described in this connection.
The serap is piled evenly upon a thick board and set into a furnace, and, when it comes to a welding heat, the
mass which adheres together and is still sustained by the cinder of the board is taken out by tongs, and by means
of overhead railways is run to & hammer or squeezer and reduced by blows or pressure to a compact bloom or bar,
weighing, perhaps, 10 or 12 per cent. less than the original serap. Such blooms and slabs are the raw materials of
which forgings are made.

Forgings of many tons’ weight are handled by a Lody of men (with no power appliances except a crane and a
Lammer) in the only practicable way, namely, by balancing. The porter bar rests in the loop of an endless chain
hanging from the pulley of a ecrane, which pulley is hung in a swivel so as to permit of easy movement. As the
work is forged on, the bar is moved to preserve the equilibrium, and to the cool end is clamped a wheel with
handles by which it is turned over ag it rests in the chain and while it is in process of hammering. Trom six to a
dozen Jaborers turn the wheel and shift the work in accordance with the sign motions of the hammerman, ,

The porter-bar for the great shafts of the steamer Pilgrim was itself a shaft 15 feet long and weighing 124
tons, each shaft of the Pilgrim being 40 feet long and weighing 81,200 pounds, or about three and one-quarter vimes
as much as the porter-bar. The first operation is the ¢ breaking down?” of the porter-bar, which is simply heatin g
the end and bhammering it to a flattened and bulging surface upon which blooms and slabs may be laid, The
blooms weigh about 240 pounds, and i forging this shaft, from 2,500 to 4,000 pounds of blooms were put on at a
heat, and three hours were required for heating the larger piles.  The heating was effected in a reverheratory blast-
furnace, and the crane was in such v position that tho work could be swung from the furnace door to the crans
and back with the greatest facility. Only the unfinished end of the forging being placed in the furnace, it was not
required to be very large or deep, and the opening was closed temporavily with a filling of brick and mud, except a
little opening for watching the heat. As the moment for taking out such work approacles drops of molten metal
are seen starting from tho glowing mass and running down into the furnace. This is commonly called gravy, and
is waste. Itis sometimes an object to have the pieces heated of nearly uniform bulk, as there is then less waste.
This shaft was forged under the directions of Mr. Dorrity, of the Morgan Iron Works. The weight of blooms used
was 118,000 pounds, and the weight of shaft being 81,200 pounds, the diminution of weight is seen to have been
about 40 per cent. Thure were 185 tons of coal used, or about 3§ pounds coal to 1 pound of blooms. The work
involved a total of 360 days labor in 34 actual days, showing an average of 10 or 11 men per day. The value of
the shaft was $10,000, or abouf 12 cents per pound. The blooms were made of nails, horse-shoes, and boiler-
clippings, small scrap being used in preference to large. At an average added weight of 8,000 pounds per heat
there would have been about 27 welding heats, A 15-inch shaft 10 feet long required 5 reheats—a3 for welding or
building out, 1 for roughing, and 1 for finishing, cutting off, and trimming, these last oporations often requiring two
heats for this size of shaft. The heats were not nearly as long as for the greater shaft, which was about 26 inches in
diameter., The shaft was out only four minutes for roughing. The hammer in roughing went over it once in one
minute, and a second time more slowly in two minutes, and the fourth minute was spent in straightening and
alignment. Calipers with long handles are used in ganging, and a wedge-shaped implement with a handle is used
in cutting off. Collars for such shafts are sometimes shrunk on, when it may become desirable that they should .
be removed, and sometimes they are forged npon the shaft, in which case they are made separately in halves and
are heated to welding and stuck on the shaft in proper positions. C ,

Tho forgings described are straight shafts, and although the work ig large it is comparatively simple. In
making solid erank-shafts greater difficulties are involved, and the liability to failure and imperfect work is so
greab that built-up shafts are now commonly employed upon merchant vessely, although in the navy and in naval
contract works the crank-shafts are forged solid. It its necessary to forge upon the shait at right angles and near
together two heavy masses of motal. These are usually forged as solid masseg, and are then cut out by drilling
and slotting in the machine-shop so as to remove the portion of the forging between the double-crank arms, As
the cooling of the forging leaves a “skin,” the cutting away of these portions is liable to cause the shaft to spring

-out of line. The element of rigk is large, and the failures in forging such work are not infrequent. Built-up erank-

shafts are constructed in various ways, but commonly by shrinking the cranks upon the shafts and pressing in the

pin whick is made a little larger in one crank-arm than in the other to avoid binding when forced in, Solid forged

crank-shafts were the prevailing practice both in Jurope and Ameriea within the last fifteen years.  To be sure
in the carliest history of steam navigation built-up shafts were used, but these were of cast iron and comparatively
small. The practice of making built-up wrought-iron shafts first gained foothold in this country and afterward in
England. In 1860, Mr. J. 8. Wilson, engineer for Neafie & Levy, Philadelphia, placed a built-up shaft in the
steamer Saxony, which still plies between Philadelphia and Bostou.

The following is a brief account of the forging of a half erank for a 144-inch built-up shaft. The porter-bar

. being broken down or flattened, the crop end (that which had been cut off from a previous forging) of a shaft was
- first welded on, Then twelve b- by 5- by 30-inch 240-pound blooms were welded on leaving a plain sqaare end 26
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by 18 inches. The necessary width was got by adding a slab on one side and then one on the other. Slabs being'
larger than blooms there is less waste in heating them, The end was worked to 42 by 14 inches when the finishing
heat was taken and the crank was brought nearly to size, but somewhat wider and thicker and not necked. It
was then ready for the machining. The erank was forged with counterweight, as is usual for all screw-shafts, but
not for long-stroke paddle-wheel shafts.

In forging beam-straps smaller blooms are used. The most difficult, as well as one of the largest of marine
forgings, is the rudder-frame. A large rudder-frame is made in eight pieces, which are afterward welded together.
The largest of these is the main post, which is built out as usual from a porter-bar, with enlarged blocks for cutting:
out spaces for the pintles, and with offsets for the cross pieces. The back part of the frame is forged upon porter-
bars to templates of wood in two pieces, and the inclined offsets coming from the main post to join them are set out
by punching and cutting out a piece of the main post and throwing out the offsets by means of a taper punch, all
being afterward forged and brought to a proper size. The tiller and two cross pieces are welded into scarfg of
the eurved back member ag the work proceeds, and there then remain five welds to be made. The post is now
machined, shaping the ends of the offsets and the bearings, and drilling and slotting out the spaces for the pintles.
The frame is clamped together and laid on blocks, the ends to be welded being shaped into blunt wedges. The.
bearings are used in turning the frame upon the bloeks. The welds are made by aid of a portable blast-forge and
an anvil, two wedge-shaped filling pieces being welded in at each joint. The filling wedges are of sharper angles.
than the spaces to De filled, in order to make a sound joint in the middle. Ordinary frame parts are sometimes
pieced merely by making a single V-joint, heating and hammering together.

The breakage of crank-shafts iy an accident of great frequeney, and one which involves in peril the lives of’
passengers on ocean. steamers. DBreakages are duwe to impurities, oxide, or even blow-holes spread under the
hammer, They may also be due to the nnequal cooling of a shaft, the exterior skin being first cooled and this
preventing the interior body of metal from shrinking when it cools, so that it is less dense than the outer skin and
may even be torn apart Dy its own efforts to contract. Breakage is also attributed to the attempt to forge large
shafts under hammers which are not heavy enough for the work. The precautions which may be taken are then
the careful selection and working of materials, the use of heavy hammers, the slow cooling of the shaft in slaked
. lime or ovens, and the forging of shafts hollow. 8o far as danger results from the attempt to forge very large
-shafts, it may De remarked. that by running engines at higher gpeed with smaller diameter of propellers, so large

shafts would not be required. ' .

_ Steel shafts are also made, The largest steel shaft ever forged in this country was 28.6 feet long and 13 inches
in diameter, and weighed 10,990 pounds after bheing lathe-turned. It was forged by the Nashua Iron and Steel
Company, and shipped to Pittsburgh, Pennsylvania, for Gray’s steamer line.

" The cost of engine forgings varies from 7% to 15 cents, small forgings usually costing least by the pound.
Solid crank-shafts of large size cost more than ordinary forgings. Their cost is stated to range from 30 to § cents
per pound, according to size. Amn estimate of the cost of a large solid crank-shaft is ag follows, by the pound:

Cents.
Material and forging (mostly 1abor) .oewee vecarncensns ccncnrnean- e et e henae s e eman amanae sasams anan © 16
MaC DD . o o imeame ittt iam et tria mmdomn mma e ey amaem s G ammas e ceaa At ss R aes Ammne amSeateenansaaae 9
TObAL e o e ee s ememn semams camaan mmcan cmmann entans nrmmns swma S 25
The frequency of failure enhances the
, cost, and built-up shafts may not cost half ag
Sewing Maciines. S o - much by the pound as golid forged shafts. At

: - | the United States navy-yard, Washington, the
Sectmot specificd. following labor was employ’ed in forging n
large shaft: One hammerman at $5 a day, 1
hammer-tender at $1 50 a day, 6 or 8 laborers
at an average of $1 25 a day. Some private
Engines & Boilers. D et e TR e _concerns pay their hammermen very much

Cast Steel, e ol e e T e

Locomotives, Y€ f———rm= R . Rt

y3d,

Tron Casti 9 more than the rate stated ($5), especially on
rom Castings: ':::}| """"" work requiring great skill, and the failure of
Steel Springs. g = m e e | Which would result in thousands of dollars
: - : o loss. _

Forged stecl. i m—sm s MACHINE-PLANTS AND POWER.—The fol-
Forged &Rilled Fronj~— s 7= R, lowing are examp{es of .th(? powers and ma.
/N chine-plants of engine-building shops. Inone

Bessemer Steel. - e e et o e e o e 2 e e e

shop there are 62 men to 75 power machines,
and the average length of shafting per opera.
F16. 1,—~INDUSTRIAL CONDITIONS IN SEVERAL CLASSES OF MANUFACTURE o; five is 6 feet of main. and § feat of counter
o METAL WORK. shaft. Inanotherengine-shop, 60horse-power
Second item—=Steel not otherwise specified. Su{ﬁces, to drive 80 machine-tools. The power

The ““per operative” rating is for wages, capital, and power. per operative in engine-building shops usually
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ranges from one-half to three-fourths of a horse-power, and per ton of machine product per year about 6 or 8 horse-
power are required. The power required in machining is relatively small, especially for light machinery. A small
diagram is here introduced (Fig. 1) showing, per operative, the relative power, wages, capital, and ratio of value-
of product to material for some of the most important classes of metal manufacture, as returned in 1870,

A shop making about 2,500 horse-power of engines and boilers in a year, average size of engines built about.
30 horse-power, has the following machine-plant:

32 lathes. 2 pipe-cutting machines.
11 planers, 1 Lorizontnl boring- and facing-machine.
7 drill-presses, 1 vertical boring- and facing-machine,
1 vertical pulley-lathe, 12-foot swing. 1 milling-machine.
1 Lolt-cutbter, 3 emery-stands,
1 contering-machine, 370-feet line or main shaft,
1 slotting-machine, 450-fect counter-shaft,

This gives an average of about b feet line and 6% feet counter-shaft per power machine.
A shop with 200 operatives, devoted almost exclusively to engine-building, has, for driving power, a #40-horse™
engine, with the following power machines: ‘

2 vertical facing and Loring mills (Niles), 6 lathes (Fitchburg),
2 simpers((Bemaut), 5 planers,

1 slotter (Bement), 2 pony-planers,

2 Loring mills (Bement), 2 Dolt-maehines,

2 Inthes (Chicopeo),

beside omery-wheel stands, drill-presses, grindstones, and punches. This machinery is extra heavy and solid for-
its work. . ‘
In another large shop, devoted to engine-building and mill-work, there is an 80-horse power engine, driving'

101 iron- and 13 wood-working machines, the iron-working machinery being as follows and being operated by 112:
men:

32 lathes, large, amall, and boring. 1 horizontel boring-mill,
13 planers. : 4 bolt-cutters.

4 pony-planors, 11 drill-presses.

1 vertical boring and facing mill. | : 5 milling-machines.

2 vertical slotters. 13 emery-stands,

2 gear-cattors, 13 prindstones.

In another large shop, almost exclusively devoted to boiler- and engine-work, & 33-horse power engine drives-

the following machine-shop tools:

3 largo lathes, 1 pouy-planor,

6 medinm and small lathes, 1 vertical boring-mill,
2 boring-lathes, £ Dolt-cuttors,

2 large power-planers, ) 1 vertical slottoer;

2 medium power-planors, 2 milling-machines,

beside drill-presses, emery-stands, and grindstones,

Theso will serve as examples of practice. No very exact comparison.is possible, because tools are nob in:
continuous use, and in different shops different methods are applied to effect similar results.

In one instance it was found that for 468 machine-shop tools, many not in continnous use, there were used
$228 wortl of lubricating-oil and $1,620 worth of oil for machine cuts in a year,

SYSTEM OF MANUFAJTURL,

FLOOR SPACL—In a large engine-works the total amount of floor space was found to be distributed.
approximately as follows, the percentages of the whole number of hands employed in the several shops andk
departments being also stated:

Por cont, | Per cent,
men, space.
Machine-8hop8. vaseavencremeranncssas 24 80
Foundery and oupolas c.oneivesueness 24 14
Boiler- and gheet-iron shops........-. 24 2
Blacksmith-8hop veeiinnrsnmianananas 10 7
Pattern- and wood-3hops. .. c.veianen 4 i
Office, warehouse, nnil store-rooms. .. 4 %4

For the latter, more particularly, 30 per cent. machine-shops, 13 per cent. boiler-shop, 12 per cent. foundery,.
9 per cent. cupolas, ovens and storehouses, 9 per cent. sheet-iron shop, 7 per cent. blacksmith-shop, 6 per cent..
pattern store-room, 5 per cent. boiler- and engine-rooms, 4 per cent. offices, 3 per cent. pattern-shop, 1 per cent.
sand-shed, 1 per cent. tcol-room.
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There thus appears to be in foor space per man, about 130 square feet in machine-shops, 85 square feet in
foundery, 140 square feet in boiler-shops, and 100 square feet in blacksmith-shops. Of course every shop will vary
in these respects, some having much more foundery space per operative.

Progress of uniform methods.—In the manufacture of small mechanism prolific output with great excellence of
#york hag been realized through study and analysis. In the manufacture of heavier mechanism the same analytic
appreciation is at work, It has a harder and a greater problem, but its demonstration is.merely a matter of time,
Machine design is yet in its infancy, and so soon as there shall be a pause in innovation and improvement
-establishing more firmly the settled functions of machinery, then the time will be ripe for harmonizing the
-components of heavy machinery so ag to effect a great industrial saving. The existing patterns of steam-engines
differing in no very essential details are of a number and variety which I will not attempt to estimate. Some
present special points of merit, and none perhaps are so poor as not to possess at least special points of
advertisement, And some features which are highly meritorions under certain conditions of use become defects
aunder other conditions. Were engines built singly by old and unimproved methods an indefinite number of
-designs might continne to be used, but in the competition of more productive and uniform methods it follows that
in the ecourse of time, and upon the expiration of patents for special features, a limited number of designs will
;prevail, viz, those which are most adaptable to the needs of large classes of steam users, and which are cheapest
to build for good and efficient service.

Old machine-shop methods are in process of change, and the improvements are usually less suitable to the
requirements of small malkers and for single picces of mechanism than to the wholesale fabrication of uniform work,
Already methods which suggest those of the wateh factory are in use at some of our large engine-shops, and engines
-of considlerable size are built in lots of 10 with the employment of standard gauges and templates, Workmen ave
-employed to repeat a given operation upon great numbers of parts, and where this can not be done the work is
-classified by its likeness, and one workman is kept upon one class of work. For example, let us consider the work
.of planing. There are in & room, say, 20 or 30 planers operating upon a much greater number of different parts of
machines. If the manager or foreman be unalle to keep one planer running at one speed on one class of work and
under one man, he exerts his ingenuity to come as near this desideratum as possible. The better he is able to
succeed in such matters the more exact is the workmanship and the more profitable the manufacture. Turther
than this, the machinery so made, other things being equal, commends itself to a greater number of purchasers, and
-wunder enterprising oversight the large demand reacts to insure better facilities for uniform work,

The attempt to gain valnable time by systematizing worlk is an attempt to diminish the time, not of actual
. machine tooling, but of setting, waiting, and preparation; and an inquiry into the actual time of machine operations -

reveals the great amount and importance of the portion of time not occupied by the actual tooling. In machining
gun components we may easily estimate by number of parts turned out in a day, and such estimates are made the
basis of wages; but in the large work of machine-shops there must be a large and ill-defined allowance of {ime for
-setting and waiting. Making an cstimate of time spent in actual machine tooling upon work, we find that it must
be doubled, trebled, or quadrupled in many cases, in order to account for the total time. Herein lies the value of
-handy tools in which American shops excel, and of which many examples might be cited. I will mention one.
Messrs, William Sellers & Co. build a lathe in which the serew and hand-wheel motions are displaced by a device
‘which does the setting by a single motion of the hand. Such a device may at first sight seem trivial and of no great
-advantage, but when we estimate the number of times in a day a machinist has to perform this motion, and the
aggregate saving of time, we find that upon some classes of work it has a money value which is not to be despised,
-Sueh handy appliances also help thé spirit of the workman, and stimulate him to alacrity in the performance of
his work.

In time of setting and waiting, also, lies the great difference in cost between large work, or work which can be
«done piece after piece of the same kind, keeping one workman on one job, and work which mvolves a new essay of
preparation, adjustment, and experlment for every successive piece. Thus in making pulleys of one size in large
dots, and in making various parts of engines in small lots, there is a vast difference in cost of work by the pound,
‘The value and productive power of labor can best be maintained by close attention to shop system, and a convenient
toul, kept in good working order, may involve as great a saving as a rapid-acting tool. .

.thero]zangeabzlzty in machine-work —Interchangeability in machine work has made as much progress as may
be expected under conditions of change. It involves stability, and stability, while desirable in itself, is a bar to
further progressive development. It iy a practice like the freezing of water, tending to prevent further flow. That
it already exercises such an influence may be noted in some instances. The introduction of metric measures meets
its most serious opposition in the existence of standard tools and gauges whose proportions are only commensurate
with the inch system. So, too, improvements in certain classes of machinery have to be very deserving to gain a
foothold where existing standards would he disturbed by them.

In machines, interchangeability demands the best patterns as a guarantee a«ramst changes wlnch would impair
dts value. Ifor a single piece of mechanism it might not be worth while to enter into so close a study of the:

_proportionment of the several parts singly or relatively as to secure absolutely the best results, but when the

machine is designed to be duplicated by thousands and for an indefinite period of time, it is expedient to have a.
«(lesign well worth maintaining.
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Some degree of interchangeability prevails in the transmissive machinery of factories. The shafting, pulleys,
and hangers in a mill, as has been well pointed out, constitute a great machine, generally much greater and more
expensive than any single machine employed, and not only so, but a machine which is used in every class of
manufacture and may properly have many of its parts and fittings interchangeably duplieated in all.

A highly important move was made in furthering uniformity in general machine-work by the adoption of an
American standard serew-thread. This standard, with standard bolt-heads and nuts, was proposed by Mr. William
Sellers, and adopted by the Franklin Institute December 15, 18064, and by the United States Navy in 1868, and it
iz now the acknowledged standard of American practice, so well known and approved that it may be regarded as
part of the groundwork upon which future developments in interchangeability will rest.

“ Inch-divided lead serews”, says Mr. Coleman Sellers, ¢ are common to all lathes in all parts of the world?.
The crystallization of practice in the uniformity of shop sizes, based upon the inch, forms a growing obstacle to
the introduction of metric units. "Whether or not these units are desirable in their application to machine-work,
almost the whole weight of American practice seems against them. This practice has unquestionably led in many
advances above old-world methods, and the same judgment of the fitness of things which has stimulated departures
from former practice by American machinists seems to incline them to hold to their present econvenient units and
shop sizes rather than to sacrifice them for conformity with the less desirable systems of countries whose machinery
is less uniform and no more aceurate than theirs, As used, the beaunty of the inch system is in its customary division
into convenient aliquob parts, cighths; sixteenths, apd sixty-fourths, nor is the decimal system, where it appears
convenient, necessarily sacrificed. A. 10-foot pole is a convenient implement, but a 10-meter pole could not be
handled readily, so that in any case convenience would requive that tho metrie system shounld be broken Dy non-
metric divisions. In like manner & thousandth of an inch is & recognized standard in fine gauging and jeweler’s
work, A draughtsman desiring to make o drawing to a reduced seale would naturally and casily make it one-half,
one-fourth, or one-cighth full size, but if he did so with metrie measures his dimensions wounld often como in decimals
of three or four plices, and to make his drawing one-tenth or one-fifth seale would be decidedly troublesome, In
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short, the handy units and convenient multiples and divisors which the so-called inch system has are lacking in
the metric system, Machinery involves proportions as well as mere aggregate measares. The metric system,
though competent to register such measnres, cannot be made to express with convenience these naturat and useful
proportiony unless indeed new divisions be introduced, making it also like the inch system, a mixed system.’
Interchangeable gearing has forms of teeth by which wheels of any size, from one having the smallest practicable
number of teeth up to a rack, and having the same piteh, may be made to work truly together, Some time sinee,
Mr. F. A, Pratt, of the Pratt and Whitney Company, Hartford, Connecticut, observing that gear-wheels were the
only important element in machinists’ work which had not been reduced to a satisfactory system for making
interchangeable parts, applied his attention to devising such a system for cutting gears., This interchangeable
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system is founded upon a carefully studied series of templates and cutters for a series of diametral pitches covering
all ordinary requirements with sensible aceuracy. Uniformity is maintained by finishing the cutters by means of
templates in a pantagraphic milling- or edging-machine, the templates being formed in an epicycloidal milling-
machine, in which the motion of the cutting-mill is guided by means of wrapping connections upon surfaces
representing pitch and deseribing circles, the whole system and its appliances being the result-of ingenuity and
careful study, while it may be considered a noteworthy step in the advancement of interchangeability in mechanism,
The diametral pitches and other involved dimensions are the usual inch and fractional dimensions.

Arrangement of shops.~The Atlas engine-works of Indianapolis, Indiana, is one of the best systematized
establishments of its kind in the country, and the plan of the works here presented shows a carefully studied
arrangement. The works are located in the open country, with unlimited room, and nothing to prevent a good
arrangement of shops. They are also exclusively devoted to the manufacture of engines and boilers, not including,
as is often the case, the manufacture of milling and general machinery. The plan will explain itself, but we may
specially note the arrangement of tracks on which a small locomotive is employed for moving work and bringing
in materials. Ixcept the small house for the storage of patterns, which is in two stories, the works are entirely
upon the ground floor, while in some shops in crowded quarters in cities, the buildings have three or four stories.

In founderies and machine-shops, jib-eranes are in most common use, and we will sometimes find such n crane
near each of the largest pieces of machinery, but more usually a few large cranes sweeping over extensive
areas, Traveling cranes are not as commonly in use, but permitting, as they do, the utmost freedom in moving
from any part to any other part of a shop, they are to be commended for increasing facility of work. They are
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F16. 8.—PowWER TRAVELING CRANE,

used in some large works, for example, in the machine-shop of the Morgan iron-works. In Fig. 3 is shown a
power-traveling crane. This is of a type built by the Yale Manufacturin g Company, Stamford, Connecticut, with
improved devices for traversing the bridge on the tracks and the trolley on the brid ge. These cranes are used by
the Harris Corliss works, Providence, Rhode Island; the Chicago foundery company, Erie City iron-works, and
other establishments. The highest capacity as yet built is twenty tons, and the greatest span of bridge is 71 feet,

In Fig. 4 is shown a jib crane in a foundery. The outer end of the jib has a truck with wheels moving on a
circular track. This dispenses with the ordinary strut, and the jib beams, being supported at both ends, permit a
larger space to be reached for the same load and strength of beams than with the ordinary jib. These appliances
appear to comprehend a large shop in one machine. Their convenience is manifest, and their employment rapidly
increasing, registers a notable industrial-advanece. '

Overhead railways or transfer tracks are used in forge-shops, hoiler-shops, and other places where the work
has always to be moved in one path, and their utility in establishments of systematic arrangement is sufficiently
obvious. ‘

At the works of the Hartford engineering company, manufacturers of Buckeye engines, the arrangements for
handling heavy parts deserve mention. In a central yard there is a very large (25-ton) steam-crane, with a jib 53
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feet long, This is surrounded by one-story shops, over portions of which the crane sweeps. In the roofs and

ceilings of these shops are five large trap-doors, one over the heavy lathes, one over the planing and slotting

machines, two over boring-mills, and one over the erecting-shop. Thus engine parts weighing fifteen tons or more
may be turned, passed to the machinery for planing and slotting, and thence to the boring-mills, and finally placed
in position for erecting or assembling the parts together, all by the sweep of a single crane in the fraction of a
circle. Anuxiliary to this arrangement are a number of traveling eranes with trolleys, in sections of the shop
reached Dby thoé large jib-crane. These traveling cranes serve to convey work to tools beyond the trap-doors. and
are required only in portions of the shop.

16, 4.—HAND TRAVEIING CRANE.

Handling tools and drawings.—As an oxample of the methods pursued at the Atlas Engine works, the system
of handling tools and drawings may be ecited, It is in many respects similar to that in use at the Baldwin
Locomotive works. Such system, although its details may seem simple, is a feature of no mean importance and
one too much neglected in many shops. It saves time, worry, and confusion, and prevents misunderstanding and
loss. In wateh manufacture on a large scale itis often hard to draw the line where book-keeping ends and machine-
work begins, and the details, specified as follows, are a proper part of the machinery of management in engine works:

Tools are taken out by checks, Each machinist has six checks, and when ho tales out a tool the checlk is placed
in the ease from which the tool is taken. In reference to drawings, the originals are kept in a large office-vault, and
for shop use tracing-cloth copies are provided, fastened on boards and shellaced. The shop copies are kept in racks,
and when a drawing is given out to a machinist, the tool-room keeper pulls down a vertical slide-plate like Fig. 5,
with pins on which are hung numbered lists of the drawings in cach rack, One of these lists is ghown in Tig. 6.
They are backed with board, and the machinist’s cheek is hung upon a pin opposite the number of the drawing taken
out. Theattendant then slides the plate up oubof sight and the record cannot easily be disturbed. This may seem
a very simple provision, but ag a single slide-plate may furnish & complete index and aceount for between 500 and 600
drawings, it i really o labor-saving provision which has a real money value.

In the like details of many other machine-shops, efficient systems prevail. In the shops of the Hartford
Engineering company all drawings are made upoen sheets of two or threo uniform sizes. These are traced for office
file, and blue prints for shop use are taking from the tracings and mounted on boards. The consequence is that a
drawing may bereferred to as casily as one would turn to the page of a book, and the whole record of machine details
for a wide range of work is comprised in the contents of a very small chest of partitioned drawers, Tithout this
system, or with the old lack of system, most draughtsmen know how much space is occupied by drawings of ditferent
sizes and descriptions, unclassified odds and ends worn and tattered by continunal turning to find some detail secreted
under the heap. Many of these mechanical drawings involve a cost of labor no less than would be required by
meritorious oil paintings of equal surface, and their proper handling is is enough to mark the difference between
good work and poor work, or between profit and loss,
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Asgsembling~The fitting and setting up of largoe engines is not usnally done in such a uniform and continuous
manner as to admit of exact estimates of the time and labor required, but it is found that 10 men will erect 14
10 horse-power horizontal portable engines and
boilers in a week of sixty hours. In this case the
ey e U o V= UV NI NI de'mand for the .produc.t; was sg great tlmt_ the ma-

‘/\j . chinery was being built and set up continuously
week after week, The time of course did not in-
clude any part of the boiler making, but only the
assembling of the boiler with engine and framing

NN N, N, N, N, | barts , o
‘mj Shrinkage may be properly considered in this
connection. Itisamethod infrequentuse. Cranks
are shrunlk upon crank-ping and shafts, straps are
shrunk upon beam-centers, deadwood rings are
shrunk npon marine shafts, collars are often shrunlk
J\j -/\j ~F\T _f\_‘ _f\j upon shafts, rims upon wheels, strengthening-rings
upon hubs and bosses, and 8o 01

In shrinking a 154-inch erank-pin into marine
cranks, less than one-sixty-fourth inch is allowed
for shrinkage of the dianeters. The method em-
N W = A ST I T ployed is as follows: The eranks are blocked up,
edges npward, on a boiler-ivon floor, laid over a G-
inch layer of loam, so that a five may be built about
them. They are brought to a red heat by & wood
fire, built in a temporary casing of boiler plates.

FIG, B—DETAILS 0F SYETEM For CARE 0F DRAWINGE. After the fireis removed and the holes are swabbed

' ‘ out, the cranks are laid faces up, the pins are set in,
and the compauion cranks, similarly heated, are laid over and surrounding the pins, being kept in proper place by
parallel distance-bloeks laid between the upper and lower cranks. All the work ig trued from the faces of pins
“and cranks, and care must bo exercised in blocking up the parts, so as to secure parallelism and correct centering
All the heating that deadwood rings require is simply obtained by standing
them on end and kindling an open wood fire about them. These rings are
of brass and rest in hrass and lignum-vite in the deadwood of the steawmship,

In shrinking, a slight allowance is made for contraction by making the O
hole a little smaller than the piece to be inserted would be if Doth parts were
cool. Without this allowance the pieces will be loose, hut & more common

NAME OF MACHINE -

difficulty is due to giving too mueh allowanee, in which case the eye contracts TTLE OF -
8o powerfully upon its seat or shaft that it becomes cracked and strained near DRAWING —

- the seat, and thus losing its hold becomes loose as before, the grip of the eye T
being permanently destroyed. It is easy to heat and slide on a ring or strap {DIHIHHIIIIIH]]]]IHHHIIHHHHHHIHHH
which will certainly break apart in the contraction of cooling, and it usually °
requires less than one-eighth of an ineh allowance to do this. Some examples @
of allowances for successful shrinkages are: One-sixty-fourth of an inch scant [IEFITII e

for a 16-inch '1)]'.11 or Shaﬁ', (ﬂl] Oﬂle]') one-one-hundred and tWGnty'eighth of an U

ineh for a 16-inch pin or shaft, and three-one-hundred and twenty-eighths of
. N : : [T

an inch for a 26-inech shaft. TProbably even smaller allowances would make U

good shrink-fits, while larger would be liable to injure the eye. ¢
Planing.—Planing and drilling are the principal work on engine-frames. (AR °
The time required in planing the frame of an 8- by 12-inch engine is ten hours, (T @

of a 16- by 30-inch engine of the same style twenty hours. Twelve hours
were spent in planing the frame of a 10- by 20-inch slide-valve engine of
another make. The surfaces are gone over twice, rough and finish, the latter
with a three-eighth-ineh feed. The Sellers planer, operating with 3 or 4 tools, actually does three times as quick
work as an ordinary planer in planing upon the frames and eylinders of steam-pumps.

In planing the frame-feeb of an 18- by 42-inch Corliss engine five hours were spent, these feet being given only
one cut. Five hours also were required in planing the bottom of a 10- by 16inch (cylinder) plain slide-valve
engine-frame, a single cut being given. ‘

Forty hours were required in rough and finish planing the frame of an 18- by 42-ineh Corliss engine cylinder,
this being done on a 54-inch planer,

In machining built-up cranks the keyways ave first slotted, and wooden keys are used in them to assist in the
subsequent work. The cranks are first planed to thickness. Then scribe-lines are punched in them and they go

Fra, 6.
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to the slotter, where the edges are finished to the desired profile. The slottiug-tool is fed with water or soapsuds
and takes a chip 134 inches wide and one-quarter inch thick in machining a large crank.

Links are machined in various ways. For making small links, the Greenwood planer-chuck, with curve-
cutting attachment, is a convenient tool. Special machines are sometimes used for making links, They may also-
be slotted to shape, or may be turned in a vertical mill, or planed to & pattern.

Ordinary rough and {inish cats in planing are made with round-nosed tools. The second-cut tool is wider:
than the first, and the angle between tool and surface is slightly smaller. The velocity is usually the same
for both cuts, ordinarily 20 feet & minute, or 4 inches a sceond, but sometimes ay slow as 13 feet a minute. A first
cut on a Pratt & Whitney planer, with a “rooter” or round-nosed tool, was noted to be one-thirty-second inch deep,
and the speed was 16 inches in 4 seconds. The ratchet had 28 teeth, with 4 revolutions per inch of screw, and 4
teeth were fed, giving a cross-feed of one-twenty-eighth of an inch. Other planing cnts noted in soft cast-iron,
speed 33 inches in 6 seconds: rough cut, one-sixteenth inch deep, one-sixty-fourth to one-thirty-second inch feed ;
finish cut, one-thirty-second inch deep, one-thirty-second to three-sixty-fourths inch feed. In general, rough cuts.
run from one-sixty-fourth to one-cighth incl. feed, according to tool and finish; finish cuts, one-sixty-fourth inch
upward, sometimes with flat tools as much as 24 inches, In work which requires any degree of finish two cuts are:
always necessary. It is considered that, with proper management, no work ought to require more than 8 cuts..
The final surface-cut on o fine plate was made with a flat-nosed tool, 1 inch feed and one-one-hundredth ineh depth.
of cut,

For planing short euts shaping machines are useful, but the length of cutis limited by the firmness necessary
for accurate work. Under 16 inches traverse tolerably accurate work may be done with an ordinary shaper.

Turning.~The manner of turning one of the great shafts of the “Pilgrim” was as follows: The shaft was.
drawn from the forge-room to the machine-shop by aid of a steam-winch, and it was then lifted and carried by
an overhead traveler, It needed no straightening, The lathesman found centers and tested the centering Ly four
lines drawn along the side of the shaft at the four sides. The centering was done by a halfinch drill followed by
a flat countersink, the samo angle as the centors (77°), and 2§ inches in diameter at tho largest end. The shaft,.
40 feet long and weighing 81,200 pounds, was swung upon centers, without other support, while a narrow place in
the middle was turned up to take a cast-iron bearing-block for the support of the weight during the 170 Lours.
which the turning required, The lathe used had a head-spindle only 7 inches in diameter and a 53 inches tail-
spindle. 'Fhe crank-seat was turned three-one-hundred and twonty-eighths of an inelh larger than the crank-eye for-
shrinkage.

There was not as mucel work in machining this shaft as upon a mueh smaller, solid forged eranl-shatt of tho
following dimensions: length, 16 feet; dinmeter, 15 inches; conter shaft to eenter erank-cye, 18 inches, This
required 800 hours’ work in machining, largely turning, but also drilling, slotting, cutting-out, and planing.

Forged weight, 11 tons; removed by machinery, £ tons; finished weight, 9 tons, Thoe catting-out between the
eranks removed much of the weight. Tho shaft was held between tho eentors without centor-rest or steadiment.

In built-up crank-shafts, after the cranks and pins havoe heen shrunk on, it is customary to assure the trath of the.

shaft by « light finishing cut.

Tho following relates to the furning of a very largoe ly-wheel by Watts & Campbell, Newark, New Jersoy.
The wheel was built in 7 seetions, and had a weight of 40 tons, Its diamoter was 25 feet, its face, 7 feet 6 inches,
with 8 crowns, on which three 24-inch belts were to run.  In turning this wheel the lathe ran two weeks night and.
day, say, two hundred and eighty-cight hours. One revolution occupied nearly 6 minutes, and 5 tons of chips were:
removed from the surface. ’ '

In machining a large pulley fly-wheel 10 feot 4 inches in diameter and 30 inches face, sixty-four hours were.
required, the operations being the turning of the face (2 cuts), the facing off, and the boring out of the hub.

In the shops of William Sellers & Co., Philadelphia, pulleys are rapidly rough-turned by a lathe in which five
tools work side by side. A special apparatus is necessary, in order to obtain uniformity of bearing and avoid
discontinuous cuts of the several tools. The finish cub is made with a single tool going over the whole face of the
pulley with a feed of from one-half to three-cighths of an inch. Of the speeds of turning tools, tho follewing notes.
were taken in one shop: '

i
.

TPer minute.
Materinl, 7 )
V0 .
lutions, Speed,
) TFeet.
18.-foot pulley «.cauns Cast iron . .ova. ) 14,13
18inch pulley .euen.. TN+ RN a3 10. 48
8inch shaft voee..n. Wroughtiron... 8 16,75
2inch shaft .......s [P (R 82 16,76
Linel valverod....|.. 64 10,76
$.inch apindle ...... 04 12, 64
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Drilling.—The work of drilling upon a Corliss engine-cylinder is full twice as much as upon a plain slide-valve
-engine-cylinder of the same size (as stated in a shop where both styles were built).

There is about five hours’ work of drilling on each frame of a plain slide-valve engine between the sizes of
-engine which may be designated, from their eylinder dimensions, as 8 by 12-inch and 16 by 30-inch engines,

The speed of twist-drills is stated in velocity of periphery at 15 feet per minute for steel of usual temper, 20
feet per minute for wrought, malleable, and cast iron, and 25 feet per minute for brass and the softer 'metals

T1G. 7.—PORTABLE DRILLS,

"‘These speeds are based upon a soft temper of the metals as is usual. The use of belted drills permits higher speeds
‘with less shock than the use of geared drills.

The importance of having tools which are convenient to handle as well as rapid in action has been clsewhere
dwelt upon. In engine-building, and especially in the erection of marine and other large engines, perhaps no tool
“is more handy or more generally used than the Thorne and De Haven portable drill. Tor castings of 200 pounds
and over, and holes from three-eighths inch to 24 inches, the portable is more convenient than a fixed drill. It ig
llustrated in I'ig, 7, from which the drill is seen to be driven by a leather cord, so that it may be placed at any
-desirable distance from ihe countershaft, the surplus connection being taken up by a straining pulley and weight
hanging in a bight of the cord. It is 'IISO mounted in a sphermal joint, so that it may be inclimed at any desired
‘angle. On hurried work, one man with this drill doees ten or twelve times as much work as a man with a ratchet-
-drill. At the Fulton Irou Works (Gerard B. Allen & Co.), Saint Louis, one man with one of these tools drilled in
& circle of about 7 feet, with a 1-inch drill, 22 holes 2 inches deep and 10 holes 8 inches deep in 5hours, This was
at a rate of about one-fourth of an inch a minute with 82 changes of work. The drill does a work equal to that of

12 men with ratchets, as men ordinarily work, or the work of at least 6 men working at their hest.

Boring.—In boring an 18- by 42-inch Corliss engine-cylinder twenty-four hours are required for two cuts, the
finish being slower than the rough cut. The finish fead is about one-eighth of an inch. We may noto here, as
remarked under the head of locomotive manufacture, that the Seller’s machine bores cylinders, faces flanges, and

counterbores cylinders equal to the largest locomotive size in three hours and a half, the usual time having
previously been over thirteen hours here, and twenty to forty hours in foreign countrics. The Wheelock apparatus
for reboring cylinders, without removing the back .cylinder- bead, will rebore sizes of 8 to 24 inches in diameter in
from eight to twelve hours.

The boring of a specified pair of large cranks is described as follows: After-slotting {he cranks to profile,

‘they are put under & vertical boring-mill and the eye. is bored for the crank-pin, A 43-ineh flat drill is first run

through the eranks. This permits 4-inch boring-bars to be passed through them. The upper ends of these horing-

‘bars are keyed in to the vertical spindle-socket and the lower ends run in collars in the bed-plate of the mill. The
“boring- tools are double-ended, and each end takes a cut an inch deep, with a slow feed, The tools are kéyed into
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the borix}g-bar. By three through cuts the hole is bored from 4% to near 15§ inches, The finish cut is made dr
the previous cuts having been made with soapsuds. The shaft-holes are bored in an entirely different mal;ner il’
slotted cross is used, with stave-shaped tools, which make an annular cut, and take out a solid core of metal / ‘Th
finish boring of the shaft-seat is not made until after the crank-pin is shn;nk in ' - ’

Jl[ach:in'ing small parts~In this work milling machinery is sometimes used. The small parts being required in
comparatively small quantities, are not produeed with any’ching like the cheapness of small gun and sewing - machine
parts. Keys, which, if made in large quantities, might be cheaply made, as made, are usually quite expensive, and
other.snmll parts, straps, link-blocks, liners, and the like, if manufactured as small hardware, in quantities \\:ould
cost, in spme cases, no more than one-eighth of their cost by slow machine-shop methods. A small l;ey for
example, is rated at §1 50, as made in the shop; that is to say, it costs ten times as much as a butt-plate or a l’ock-
plate, and three times as much as a.complete bayonet—parts of a gun as large, or larger, than the key‘ more
elaborate in form, and requiring as much and as aceurate machining, Such comparisons c,onvey an idea ,of the
advantages of uniformity of design and large manufacture, whieh is not without its lessons. A wvalve cross-head
for a small engine consists of a cylindrical piece of steel bored through in two dimensions, there being a step in the
bore, and on the side of the piece is a boss or hub, with a drilled hole. One man makes 20 of these in three days
spending one and a quarter hour on each. The work is done on a lathe, and consists of facing and roundingé
ends, drilling 2 holes, and drilling and counterboring 2 holes for each piece. . -

In some cases highly economical resnlts are obtained Ly finishing machine parts by grinding instead of filing
This is done upon the surface-grinding machine, which appears in some respects like a planer, the work being.f
Tastened upon a reciprocating bed and passing under an emery wheel which has a cross-feed and vel"tical adjustment
and is driven by a dram ab the back of the machine, like the spindle of an edging-machine. As a substitute for
filing it saves the files and is claimed to save three-fourths of the labor. The machines, as made by the Brown &
Sharpe Company, will grind 36 inches long, 14 inches wide, and 134 inches high.

BOILER-MAKING.

Tistimates.—Thoe following estimates of time, labor, and material are derived from actual practice under the
-arious conditions stated, and are Lelieved to cover very fairly the various kinds and circumstances of work. They
are reduced to averages of weights handled per man per year as the most available unit of comparison , although a
number of men are employed in the coustruction of every boiler,
In making stationary (horizontal tubular) boilers one man may be said to use in a year 94 tons boiler-plate,
3% tons tubes, two-thirds ton rivets, about 27,330 pounds material per year, and about 90 pounds per working day.
Again, the average ontput per nian per year in another case is 7§—+*8 horse-power,” 3,600 pounds boilers, or 5—
420 horse-power,” 6,000 pounds boilers. The following is a more specific estimate of the material and labor in
building a standard form of return tubular boiler without fire-box:

Pounds.

Weiglt of 50-ineh ghell, 14 foob Tong, abotb. .o en o inane e ieeear e imns e eie s remee ccv s 3,000
Woiglit of 50 3-ineh tuboes, 10 feet long, ALt wiivveeiiiairurin saiscren srnesee i smrveeineneanaeaean 1,500
Woeight of 1,000 rivels, aboutic caaunn cmianninniiiiiinnieiiiaa e b reasansewabe seennbaeeaEssesn tnmantaonns 90
Weight of eastings in the holler, nbont. cee e iiui o mrin i e e i rade e aice e mnrrea s 210
ML OBIL v mere mene smemmnacmanesnsansnsiasson annasansesnnnns s e s emsene tmamenaiaanancmaart e amnaas 4,800

The time of labor upon this boiler is forty-eight days. Iour or five men were employed continuously in
building it, and it was completed in ten days. The pneumatic power riveter of the portable type wds used in the
wrork. : ' : ‘

In making ten “10-horse power” horizontal portable boilers, three hundred days of actnal labor were expended
upon the ten boilers. Their aggregate weight with tubes, fire-boxes, and water-bottoms was 37,000 pounds. The
average wag thus about one boiler per man in 80 working dagys, or about 123 pounds handled per man per working
day. The pneumatic portable riveter was used. .

 Itis said that, while with hand work only, it is a good day’s job for three men and a boy (rivet-heater) to drive
35 pounds, or 250 rivets per day, with the portable power-riveter one man and a boy can drive as many as 105
pounds (from 750 to 800 rivets) in a day, while rivets are sometimes made at the rate of 8 per minute.

Let us now turn to marine work., An engineer engaged in building marine boilers states that they cost about
10 cents per pound for all but the smallest sizes, which cost more, of this 6 cents being rated for labor and 4 cents
for material, ‘This estimate, it may be noted, makes no mention of investment and profit, which are taken with
the labor, the actual manual labor upon the boilers costing 2 or 3 cents per pound. The following is an estimate
of the weight, work, and cost of a marine boiler:

Per cent, of Cents,
. welght. ! Tstimated cost of labor per pound......oi.c.... 2%
12,260 pounds 1)lu:tfng, ol 4 cents per pound..... 57 || Zgtimated cost of material per pound. .......... 4
3,860 pounds castivon, at 3 cents por pound ... 18 1} Jastimated cost of investment per pound ........ 34
1,850 pounds forgings, at 44 cents per pound.... 9 ‘
3,540 pounds tubes and rivets, ab 43 cents per Total cost PerPotnd vusmveeeonee receenaa 10
POII teme rs wavsvmnns vamms savmn Seas e 16

yor 22——30
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About two huudred and thirty days’ labor were involved in building this work, upon portions of which power
riveting-machines were used.

The following is an estimate of the cost of construction of a rectangular compound marine boiler of 60 tons,
government work, hand-riveted in place and requiring much flanging :

Material, 60 tons, at 7 cants per pound. co. .o nvrran o ra e e e e e §8,400
Labor, 20 dags, DY 28 DMICIl anaaa v e cieie e ceeae camams b s i coae mme oot waenaneas ammmne e aon smmmme ann 9, 600

* The work involved redoces to 4,400 days per man, The daily 1abor by crafts and wages paid was as follows,
the average rate of wages for skilled and unskilled work being about $2 20 per day:

2 boiler-makers or fitters, at $3 Por Aoy «oveermaaams carica e i e ideenes daesramecrrnamesnmamnssaaarrannns £6 00
2 flange-furners, At 3 PEr da Y cvn e amenae i i it cian e taiecneec e mneemcareuama aaas amesmaner anrann 6 00
B riveters, at §2 25 Per (LAY .o oot it it iaen nree e arae ee e e me e cemeeec e aeam e an ey e cnen na 13 50
3 rivet-heaters, ot SL50 POL AAF cuve caeuais auscacamtmessneanm e cnarensesmttatamns taanes aren panmnr maan 4 50
6 caulkers, at $2 25 per day....uvveeannn s et ameeacesieseshraaa. g 13 50
3 hielpers, b $1 50 DOT (AT veur wmee cran eumme st cra e e baanca rene vmr o caessm s sasennns e ranas bamaus 4 50

B i ) £ g - I LU

The total cost of boiler being 15 cents per pound; the cost of labor was 8 cents, and of material 7 cents per

pound. '
- Machine plant and machine methods.—In boiler-making the number of pieces of power machinery are not
numerous as compared with the machine-shop plant, In one establishment a 25 horse-power engine operates 4
blacksmith-shop tools, 4 tumbling-barrels, 1 blower, 8 boiler-yard tools (punches, shears, riveter, and rolls), 1 air-
compressor for riveter, and 2 hoists, Sowme of this
machinery is, as will be seen, for foundery and
general purposes. A boiler-shop with an annual
nutput of two or three thousand horse-power of
gtationary boilers has the following principal ma-
chinery: 2 punching-machines for boiler-plate, one
with spacing-table and apparatus attached; 1 ma-
chine for scarfing or planing boiler-plates on the
edges; 1 set rolls for boiler-plate, Hand-riveting
is the practice in this shop.

Another shop with a considerable number of
operatives has 2 punches, 1 pair shears, bending-
jaws, and straightening-rolls. Most of the opera-
tives are employed in setting up, holding iron
plates for punching, ratehet-drilling, marking oub
and riveting (all of which is done by hand).

Many large shops, especially in the south and
west, rely upon hand-riveting, but steam, hiydraulic,
prewmatic, orother powerriveters ave being rapidly
_ ; introduced, and with such manifest advantages
“mmm‘:. i (L g aus) e— . that their general employment is only & question

— O G of time, A size of riveter made by Wm. B. Bem-
ent & Son for large work is called a 72-ineh riveter,
the distance from the center of die to the bottom
of opening being 6 feet. The stake or anvil mem-
ber of the riveter is made of a superior quality of
wrought iron in order that it may be made small
enough to permit the riveting of small flues. The
riveter has a balanced steam-valve, and the steam which drives the rivet is made to return the piston to beginning
of its stroke Lefore escaping.

A gtationary riveter employed at the Globe Iron Werks, Cleveland, Ohio, under 50 pounds steam strikes &
40-ton Dblow. i '

For work on stationary and portable boilers the portable pneumatic riveter is becoming a favorite tool, being
approved by some of the most reliable manufacturers, such as Lowe & Watson, Lane & Bodley, Griffith & Wedge,
the Atlas Engine Works, and many others, as faornishing better work and a productiveness greater (by about 4 to
1) than that of hand labor. The Allen pneumatic portable riveter usually operates with the boilers in-a horizontal
position, instead of being hung vertically from cranes as with the fixed riveters. It is claimed that with hung
work the portables can be operated by fewer men than the fixed machines, that they maka tighter work, and drive
with equal rapidity. An illustration (Fig. 8) is presented of this riveter, showing it suspended from an overhead

Fi1d. 8.—PORTABLE PNEUMATIC RIVETER.
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track, It may De shifted to various positions, and is often used in eonnection with a peculiar saddle of rollers so
that the boiler may be turned readily in waking eylindrical joints. The rollers are turned by a gear-wheel, and
have holes or ping by which they turn the boiler working either with the rivet-lieads or the punched holes of the
boiler. (In hand-riveting steh work the boiler rests upon the long Leak of an anvil extending within the shell,

S umil‘u“nﬁlll T
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while an endless ehain from a crane above passes around the outside of the boiler and enables the workmen to
shift its position from rivet to rivet.)

The operation of the pneumatic portable riveter may be Lriefly described as follows: The riveter consists of
two long levers held at their axis or fulerum in a ring with & worm-wheel so as to work in any axial position. One
end of the apparatus has & pressure-cylinder between the lever-arms, the other end a pressure-cylinder with
piston and riveting-hammer on one arm and a die or anvil on the other. The machine first closes upon the plates,
flattening the Lurr before riveting, and it then presses them with about 1,200 pounds pressure while the rivet is:
being driven. The rivets are formed, not by & single blow, but Ly a succession of blows, as in hand-riveting. The
riveter malkes from 150 to 200 strokes a minute; it forms tho head of a three.qnarter-inch rivet in six seconds, and
easily finishes two rivets a minute. A rivet-boy places the rivet and lobs the pressure into the large eylinder
which closes the lever upon the plates. Then an operative admits pressure to the hammer-cylinder and the rivet.
head is formed. The machine saves the labor of two moen, one riveter and one for holding the work.

In the air-compressor used with this riveter, the steam- and air-cylinders are in line and have the same bore and
stroke, 7 by 7 inches, The valves have a positive motion and the reciprocating parts are made designedly heavy.

So far as I can ascertain, the use of riveting-machines is no more advanced in England than in this country,
some machines of American manufacture being used in Bngland.  Both fixed and portable machines are, however,
in use in the north of Bngland shipyards, ‘ ‘

The multiple plate-drilling machine of Thorne and De Haven is employed for drilling boiler-plates and mud- and
fire-box rings., This machine is deseribed under the head of locomotive mannfacture, but the general introduction of
such machinery is prevented by the fact that work is not of a sufficiently large and uniform character to warrantthe
expense. The British board of trade allow such advantages in the inspeetion of drilled over-punched boilers that it
is made an objeet to incur the extra cost of drilling, and in the large marine shops in England boilers are commonly
drilled in place. Considering that in 1his age of steam a person traveling or dwelling in a large community is
scarcely ever out of the range of liability to injury from a boiler explosion, anything which attords greater security is
an object of general concern. In this country boilers are usually punched, but for convenience and rapidity of
execution American drilling machinery is nnsurpassed and will undoubtedly work its way into more extended use.
On some classes of straight work itis claimed that with the nse of multiple drills holes can be drilled about ag rapidly
as they can bo punched singly, but under ordinary conditions (although it is not casy to make exact comparisons)
drilling boiler-plate may be said to cost about five times as much as punching,

Spiral punches have been used which do not strain the iron as much as an ordinary punch, and to obviate the
well-known loss of strength due to punching, holes are often punched small and reamed out to full size; or after
punching holes full size, the plates are sometimes reheated and eooled slowly, annealing the iron and restoring its
strength. In connection with punching machinery many shops have improved labor-saving facilities in the wayof
shifting- and spacing-tables. The more primitive method of handling pieces of boiler-plate was to rest them upon
an ordinary table or hang them from a crane, while half a dozen or more laborers gathered around to move the plate
under the punch. :
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Flanging machinery is more generally used in England than here. Itis costly, and operating as it does by means
of formers, it is only applicable to a uniform character of work, But its employment is very desirable, for hand-
hammering even to a former (common practice) strains and corrugates the iron. Iron of a grade which cannot be
safely flanged by hand-hammering may be easily handled with a flanging-machine which turns the edge by an even
and uniform pressure. :

Ten or twelve years ago the steel manufactured was too brittle and treacherous for boiler-plates, butit is now
made (low steel) of a quality ductile for langing and admirably uniform. Its use ordinarily gives an advantage in
the neighborhood of 10 per cent. in lightness for the same strength as iron, At present we even lhear of cast-steel
boilers and boiler parts, and the next decade will probably witness some important modifications of present practica
in the use of metals in both engine- and boiler-making.

WEIGHT OF ENGINES,

In stationary engines for manufacturing purposes there is great variation in weight both for similar powers
and for similar eapacities of cylinder., Some long-stroke, automatic cut-off engines weigh twice as much and
cost about three times as much as throttle-valve engines of the same cylinder capacity. -

It might be expected that for the same cylinder capacity engines having the greatest cylinder surface would
weigh most, but there are many exceptions to this rule, even in engines considered of similar strength and design.
A long-stroke engine, having a longer crank than one of short stroke, has usually a higher bed, which requires
increased weight.

A table is presented showing ranges of weights usual in stationary engines. Many heavier engines are of

. course built, but the table exhibits the ordinary range of weight. In column A are given a series of cylinder

capacities in cubic feet; in column B the ratios of length of stroke to diameter of bore for the several cylinders..

In column O are stated the ratios of number of square inches interior cylinder snrface to each cubie foot of cylinder
volume. It will be seen that these ratios of surface to volume decrease so rapidly with the increase of eylinder
capacity that the difference due to proportions of cylinders is often obscured. In the columns D, E, F, G, H, J, K,
and L are given weights of engines in pounds per cubic foot of cylinder capacity. Columns D and B give these
sweights for antomatic cut-off engines, the engines alone, and columns G and II for the same engines, with the usual
weights of fly-wheels added. Columns I' and J give the weights per cubic foot of cylinder for a plain slide-valve
‘engine, without and with the fly-wheels respectively. Columns X and L show the weights per cubic foot of cylinder
for two designs of slide-valve engines with pulley fly-wheels.

In some engines the progression of sizes is arranged so as to get a large number of sizes with a small number
.of patterns by repeating the use of particular parts in several sizes. This, of course, causes a slight redundancy
of weight in some of the sizes. But, even where there is a separate design for every size, the weights per cubie
foot of cylinder often vary from any uniform rate of progression. I note one case, in a series of slide-valve engines
of similar design, in which the cylinder capacity of one size is increased by one-fifth in the next with scarcely any
increase in weight.

A, B, c. D, | E F G | I J. X, L, A, B. C | D R pot G, | B, | J | K| L.
0.09 | 1.60 1.81 { L.66 748 | 5,640 {..eu.. 4,278 | 8,708 |....... 6,183 |veuru.s 4,002
0.13 | 1.38 1,57 | 2.00 720 | 4,004 |..euun. 8,008 | 7,452 [...cnn.. 5, 860 a,zéo
0.1 | 2.00 1.78 | 1.43 11+ 8 IO IO 3,204 |ceeenn. m——— 5,168 |..... veliaernans
0,28 | 2,83 | 1,802 0,280 |-eeuunfernrnnn 19,478 |everns]ennenns PN 1,99 | 2.00 609 | 4,822 [coeesifounnnn. 6,834 |ivevurelerennsefuneras]earee
0,27 | 171 | 1,257 |uwnre Jovennnn 4,852 |iovannafenranns 6,296 | 8,518 |,vncunn. 2.13 | .72 630 | 4,780 |....... 5,081 | 7,840 |....... 5,023 | 6,808 |sesv.n .-
0.81 ] 2,00 | 1,241 | 7,742 joemceifoionne 11,018 {+eruneefoamnmeafonnscuseloncnenns 2,36 | 8,00 871 [veenne o 5,085 |eeeian]oemenns 7,027 [ovarenefraennen
084 1 1,50 | 1,182 |vaunens]iamannefacecner|esnnmns SR R 8,235 | 5,412| 2.48|2.00 620 ( 4,430 |...... vevean T YT |eaeann ceennas PR
0.41 | 1,75 {1,108 | 7,078 Lo iiernnnnn 10,075 [oveunns|eemmraclane SN 278 | L60| 576 |ierecis|innanns 2,801 |-eueens|ianaens 4,837 | 4,838 {..venass
0.46 | 2,00 | 1,002 |....... comeee ] 5,622 Jenenen [ amans 7,500 |vcevvenifevmerenall 8,08 2,00 | 577 | 4,846 |.cenarfernnnn. 8,884 |veeanolimenne Lovnmecc|ivnns
~ (] 1.88a| 1,000a 8,48 | 187 | B40 [cavaarsfovucrne 2,520 |evaenifunnanns 4,288 {eremnefrerren
nfﬁag |§G,846b U SR 9, 808D, cuun.- enene] 6,088 | caaen..

1,56b { 1, 004b 8.53 | L33 627 |iceeeir|onaann. 3,050 |euenver|vannnee 5,241 |ovenenn
0,50 | 1.77 1111 R P venee ! By 218 [eevaane]eeanns T8 eeeeeens| 6,424 || 872 2,00 540 4,082 |oeeenifuneaens (1017 O PRUORRORN SURRN YO
0.63 | 1.40 047 | 5,873 [cevnae|oenens. L EE: U (R IR venadfi 8740 800F B76|....... 4,210 |..... D I (L0055 T P,
0.66 | .08 882 Ldd| 517]4,188 |.eeiiifionain. 6,801 [mennsfimnnen.
0.72 | 1.00 3,08 L7686 5298 |iceacnifovenene]ieennifinain O ORI RN I X ) PR
0.81] 180 802 | 6,584 |ienunenfonnnen|10,244 |uiiiiiienne. 6,018 |oeownoo | 485 120 401 |ieeiiiolinennes 3,149 {ucvuenefnnnnns 4,736 [ormruns)een
0.91] 2,00 803 | 6,153 |....... 4,022 {0,450 |.vauoun) 6,264 | iust] 6,044 || 4420 1.66) 490 [caeerii|iennen. 2,020 |eeveneefiuennes 4,038 | 4,525 |---veaas
0.09 ] L.04 810 |ecomiaifianennn PO ORI 6, 667 g 42| a0 | 479 4,287 [ceeienificnnnns [178:1:11 8 PO SN SO
1.18 | L.50 L3 I U SRR (RTINS ORI PO PP 6,610 |..... wof| 488 20080 617 [veane.. 4,508 |.nueresfronnnne 0,762 fuamiunufocmannsfoune
1,20 | 2.00 TOL | 5,280 |cvecencliennnn 7,018 |eenenn- TN SRR I veens|l 5,801 2,001 479 18,685 .leiennens 5,472 [eaceaeinencecdinivanilicninans

———
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A B |l |D]|E R 1 O I A I K l L. A B . 0 ' | B | PR l G. l o | 7 | K L,

BoAS | 150 | 401 [ceeeneieennen. 8,284 lovevn boiont. £004 |evnnersa]ianeenns 0990 1,00 | 807 |eeeun. 8,470 |.oenens emeeee] 5,900 [evenenfvrenaesfoearenns
610 | 283 | 450 |..o.... 8,037 Jivvneesfinennas 6,087 [eurunee]eenneenelvnnreens 0,066 | 200 ] 803 [ 8,105 Leeunesfonenees 4,068 [eenemns|orannns evnees|ieeraes
653 LB0| 442 leveeeifivenres|ormmanebomenansfirumnnloneenss 3,820 e 10.54 | 218 | 887 |... 8,416 |oeecnasfananes 5,123 |.oeen.. eeerrdeenees .-
7.06 | 2.66] 48 6,49 |oannnns ST O 1267 | 200 360 8,174 | 8,182 Loonen.. £, 773 | 4,773 [eereneeleneneelionsnans
7,95 | 2,00 | 433 | 8,448 | coneefunvener] 5,208 Jereceeifionnnns S I w4 es) g8l ... 9002 [eoenedennnnen NI & 3 IO rens
7.62] 2.10] 428 leee. 8,074 [vveneer]omannns I L3N R N I 15,700 250 | M5 |eeen... 2800 [eavmnas]eenenes 4,550 {vevene-
871 | 240 | 418 [eeeer foenanes]icnenes SO VU PO PSSR AU wad | 2an| el 2,057 [eveeeiuennes H175 |renenn.

i

CYLINDER CATACITY AND COST.

The following diagram exhibits comparntively the relations of cylinder capacity, weight, and cost in steam-
engines of the horizontal plain slide-valve type, rated at from 8- to 100-lorse power,

CYLINDER CAPACITY AND COST,
CYLINDER Type of Bugine.— Slide Valve.—Short Stroke.
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The column of figures at the left represents the eylinder capacities of the engines in eubie feet. Onoline
ghows the fall in price per cubic foot of eylinder capacity from $1,010 per cubic foot for 0.19 eubic foot to 3459 per
cubic foot for 5.44 cubic feet.  Another line represents the decrease in weight per cubie foot of eylinder capacity
from 4.342 net tons per cubic foot to 2,482 net tons per cubic foot, A third line represents the deerease in price as
rated by the pound, being from 22 cents for a 0.19 cubic-foot engine to 9 cents for a 5.44 cubic-foot engine.

TFor ready comparison the three curves are started ab one point, the three Dase lines corresponding with the
values stated. ' ‘

The prices of the engines, as per the following table, are seen to increase less rapidly than the eylinder capacities:

Capacitics.| Prices. | Capneities.| TPrices,

0,10 $362 00 1,790 $1,133 07

0.27 arh 8t 2.14 1,217 GO

0,460 511 08 2,79 1, 3R0 63
059 G6L 68 3,48 1,565 48

0.72 G637 84 3. 63 1,796 77 R

0. 60 74 10 4,41 1,976 08

1.81 0 17 . 4. 35 2,248 05

1. 58 1,0L7 62 5. 44 2,406 06
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It is obvious that no formula can truly exhibit the relative decrease of price and capacity which does not
congider the actual sizes of engines compared. The examples cited present an unusnal degree of uniformity, a line
of engines rated abt uniform piston speed, and of similar excellent workmanship and finish, Between different
styles and qualities of engines there can be no very definite comparison. ‘

After we have passed the limit of equality of stroke and diameter, long-stroke engines usually weigh more, but
short-stroke engines usually cost more by the pound for the same eylinder capacity and workmanship. For the
same cylinder capacity, a finely-built closely-fitted engine may cost twice as much as an engine of inferior
workmanship,

In attempting to diseuss in general the most profitable ratio of expansion, based upon the size of eylinder and
cost of engine, as well as upon the cost of fuel, it is very easy to make formulas, but these may only serve to
perplex the tyro by opening for him a road of scientific investigation which leads to no useful principle or result,
The longevity of an engine of the best present workmanship and material is unknown; neither material nor quality
of work can be adequately expressed by formula, and the cost-of repairs, an clement inereasing with the age and
service of the engine, can only be gnessed. The exact determination of the so-called point of economic cut-off could
be of utility only at one time, viz, in the selection of an engine, while cost of fuel and rates of interest are subject
‘to variations from time to time, and the worlk required to be done varies considerably in overy case. As these
variations more than cover the difference in economy between an engine of the greatest efficiency and one of less
efficiency at a cost so much smaller as to more than compensate for the loss, the determination of the minimum is
nseless, If is useless to the manufacturer, for e must Luild many sizes of engines; useless to the owner, for his
investment is already made; useless to the buyer, for it ean not cover the flexibility of his future expenses and
requirements.

Thers is an inberent fallacy in introdmeing commercial cheapness into a formula upon the same basis as
engineering efficiency. Iiconomy is a question of absolute costs and not of the relative costs of fuel and machinery.
For example, the lower the cost of the engine the greater becomes the relative cost of fuel, and the earlier within
limits it might be argued, may be the cut off economically employed. Bué, as amatter of fact, we find the best engines
of fine workmanship, liberal capacity for the speed, and of high cost for a given eylinder capacity, in sections where
fuel is dearest, and cheaper and poorer engines in sections where (uel is cheapest. A minimum of expense, based

F1e, 11.—81zes or Hicir aAND LOoW SPEED SHAFTS,

. on cost of engine and ratio of expansion, can not be practically established on account of the neglect of the element
of quality, an element which enters into both terms of the cost, being directly as the first and inversely as the
running cost, and definitely assignable in neither. Costalso depends so much upon differences in antomatic valve-
gear details and general finish that such variations are often enough to obscure considerable differences in eylinder
capacity. The manufacture of one of the best and most economical engines ever designed (the Babcock & Wilcox)
bas been abandoned on account of high cost of construction, and some of the most recent forms of automatic
engines have no more parts than plain slide-valve engines.

——g
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TIE SPEED OF ENGINES.

Fifty years ago American mill-work was modeled after the foreign practice of that time, the shafts being of wood
and square in section, with cogs wedged fast, and barrel-pulleys or wooden drums clamped upon the shafts. The
earliest iron shafts were also made square, but these were displaced by round iron shafts, to which cast-iron pulleys
were keyed on, (@) the pulleys being sometimes halved. IIeavy, slow-moving shafts have been gradually displaced
by light, bigh-speed shafts, the number of revolutions per minute having advanced from 30 in 1822 to upwards of
200 in 1880. * “The practice of high-speeded shafts and the entire snbstitution of belting for gear-wheels belong
egsentially to this country”.—(Sellers.) The substitution of belting for gearing in the transwinission of power enables
aligher speed and smoother motion to be realized and at Iess expense. More rapid velocity permits the use of
lighter shafting, To give an idea of this, & small skotch is presented (IF'ig. 11), showing approximately the relative
eross-sections of shafts transmitting a given power with a given factor of safefy (which for mill-shafting is necessarily
ahigh one). The larger shaft may be taken as rouning at 30, the smaller at 300 revolutions perminute. The change
in speed being tenfold, the weight is reduced to considerably less than one-fourth.

The following is an account of ono of the earliest cases of the introduction of (then) comparatively high-speed
shafting displacing the old square shafts: Colonel Roswell Lee, superintendent of the Springfield National Armory,
obtained the services of some very good mechanies from Nortl's pistol factory in Middletown, Connecticut, among
them, Nathaniel French. In 1831 and 1832, shortly before Colonel Lee’s death, a new shop was crected at what
are known as the Springfield water shops, and Mr. French was intrusted with the duty of designing the motive
machinery. In place of the cambrous square shafts then in vogue, he pubin everywhere small round shafts and
spindles (about half the previous diameter), to the great concern of old mechanies, who predicied that some of the

smaller shafts would *wear out in a month?, o predietion which, it is needless to say, was by no means realized,
‘ The improvement in the saving of power by the use of light transinissive machinery can hardly be reckoned,
In the aggregate it is cnormous, and advances are still being made in this direction, Ounly within a few years it
was the general cusiom to sell pulleys by the pound, with every inducement to the maker to load shaflts with as
much cast ivon as ho should think conscionable, When some enterprising manufacturers started out to pat upon

tho market a form of cast-ivon pulley designed to bo as light ag was compatible with the necessary strength, some
argument was required to dispel tho prejudice in favor of superfluous weight. Now, however, greater lightness is
secured by making pulleys with wrought-iron rims. These pulleys, as wade by the K f\rttord Iingineering company,
havo cast-iron hubs and spokes, the arms or spokes being straight, light, and more numerous than usnal, and with
bracket offsots at the onds, about which the sheet-iron vims are bent, and to which they are riveted after drilling.
They are faced and finished on grindstones, specially arranged with automatic feeds, so that the work is rapidly
done, and the greater expense of turning is obviated, The resulting pulley is very light, and a development in the
direction of higher speeding, It may also be noted that iron pulleys with wood rims are being introduced in some
classes of service, for the sake of lightness.

For mill purposes the {irst double-acting engine in New Jingland was buﬂL in 1808 by Philip Allen, and in 1833
Z. Allen introduced, at the works of the Wadsworth Steam Iingine company, the engine with variable cut-off valves
governed by arevolving ball-regulator for the expansion of steam. The Oorliss engine works were started in 1848,
1t is not liere proposed to enter upon so wide o sulject as the history of the steam-engine, buf in noting these
early changes in shop practico the influence of the introduction of types of engine is important, and Rhode Island
appears to have been the pioncer stato in this mareh of imperovement. Higher speeds first resulted from improved
engines and machinery, and the tendency is still strong to push to the utmost the advantages of high rotative speed
in engines. Some of the more conservative builders maintain that with the present weight and strength of
materials high speeding is not in many cases economical.  But; on the other hand, it is claimed that the tendency to
use smaller eylinders and more rapid movement promises to go to mueh greater lengths in the future, and since the
velocity of engine travel is still far within the veloeity due to the pressure of steam, there is no practical limit to
speed within that due to thoweight of parts., The question of speed i8 a relative one, the low speeds of to-day being
equal to the high speeds of earlier times, and clearly illustrating a tendlency which has not reached its limit.

In engines of the Corliss typo a certain speed is advantageously reached, and the excellence of this engine is

such as to challenge a halt in the advocacy of higher speed. The Corliss engine, compound condensing, and with -

steam-jacketed cylinders, if run with tight valves, at the mediaom speed available with a drop cui-offy at this time
may be justly considered the criterion of high economy in steam consumption. But speed is a highly economical
factor. It reduces the weight and cost of machinery very greatly for the same power and economy of steam, Its
value as equivalent to that of high pressures and compounding is well expressed by Mr. H. A. IIill (Boston):

Lxperiments with three boats of tho same size by the United States Government gave about 32 per cent. of steam condensed per

¢

hour ot an initial pressure of 40 pounds in & single cylindor en gine ; about 26 with 70 pounds initial in a smgle cylinder, and about § per-

cent, in the high-pressure cylinder of a componnd engine, while tlm low-pressure cylinder of the same engine showed about 27 per cent.,
an average of about 17 per cent. in tho two eylinders of the compound engine. Now of theso methods of economizing, one atleast, that

a Wooden pulleys are still in use at Springfield armory, Massachusotts, and in some drop shops, aud are again bccommv an arlicle

of manufacture for special uses.
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of the higher pressures, gets its results mainly from the fact that it puts the required porer into o smn}]er cylinder with less condensing
surface bIncre'lsa of séeed does precisely the same thing. It doesthe required work with a smaller eylinder, and so less aren to condense

the steam.

We naturally credit the low-speed engine with the greater durability, but high speed results in such & 1'(?ducti0n
of stress that it is easy to provide bearing surfaces much more ample for the same pressure than those '\Vhl(}'h may
Dbe provided for a low-speed engine, By the laws of solid friction the advantage would ‘ghen appear to ho ‘Y”’h the
high speed; but the advantage of low speed, even with a grgater pressure per sqmu‘e inch, is tl'mt th.cre is ;11f)1*0
time for conducting away the heat of friction. To reap the advantage of high speed the lubrication of the bearing

- surfaces must be well maintained, and if methods of cooling fail, the disastrous effects como more quickly under

high speed. But with proper engineering precautions the durabi}ity of high-speefl engine’s is surpriging, M. dJ. W
Spangenberg, Warren, Ohio, has called the attention of the writer to t}le service 'of direct-attachment suw-m‘lll
engines. These constitute an exceptioh to the low speeds of early practice, and pains have been taken to v.erxry
from several sources the statements of the remarkably high specds of engines for saw-mills as used many years since,

The following account of one of these engines is given by Mr. (. Btrom, Bristolville, Ohio:

The engine is 9-inch Lore, 12-inch stroke, running a direct-attachment saw-mill, Woe ma it u}l thoe way from 400 to GOO (1,200 feet
lineal) and perhaps 700 revolutions per minute, Werun some of the time a 60-incl savw, part of the timoe aswaller one, W'.o ean eut 1,000
feet of 1-inch Doards in one hour, and think the engine with 75 or 80 pounds pressure will do moro than that, The engino has bewn in
use over 16 years, and has been run the greater part of the time, in fact almost continuously. The cylinder was bored once only in this
time, aboub 7 or 8 years ago, and since then one sct of now piston-rings has been put in. Tho bearings aro all in good order, with all the
original brasses except those on the cross-head and on the main wrist of the erank, Thesoe two have been replaced ng they got worn looge
in the straps. These brasses ave lined with Babbitt metal. The slides or ways are not worn ai all. Tho eross-head is lined with Babbite
metal, which has to be replaced occasionally, perhaps once a year, The engine is governed by thoe sawyer with o sawyer's or butterfly
valve. Wo use now o half pint of good eylinder oil per day, with an automatic oiler. Before this we used w comumon old-fushioned viler,
the eylinder running dry half the time,

The engine has always run smoothly, but runs more easily with the automatic oiler.

A (10-inch bore by 12-inch stroke) saw-mill engine used by Snyder & Son, of Piqua, Ohio, hag ran over 8 years,
averaging a million feet of hickory sawed per year. It has turned out 15,000 feet in 10 hours, It runs ab 600 to
1,000 feet per minute with the saw in the log, 200 to 300 feet gigging back. It requires 1 quart of eylinder, 1 quart
of engine, and 1 quart of Llack oil per week, In the 8 years the only repair has been one new set of piston-rings,
the engine continuing to run smoothly without reboring of the ¢ylinder or replacement of the connecting-rod hoxes,

Apart from these exceptional cases, high-speed engines driving the main shaft direct at 125 to 175 revolutions
per minute were used 18 or 20 years ago (1860), and for saw-mill muleys, as stated by Mr, J, W. Thompson, over
30 years ago (1850), Most flouring-mills and saw-mills were formerly run by throttling-engines of long stroke and
low rotative speed, and these were largely superseded by short-stroke throttling-engines, which are in thuren giving
place to automatic engines.

Apart from all question of antomatic cot-off, comparing throttling-engines, the advantages of high speed are
immediately shown in reduced fuel consumption and boiler capacity required, so that a high-speed throttling-engine
well governed and proportioned for its load may exhibit a good showing compared even with an automatic engine,

Abont 1850 the Corliss engine began to be introduced with great results in the economy of fuel, duo to its
automatic control of the admission of steam. The invention of George IL Corliss, its valve.gear prineiple becamo
adopted by numerous builders of engines both in this country and in Burope. No other device hay given greater
prestige to American engineering. The engine is more extensively used for stationary purposes than any other
type of large automatic. '

The next move was to secure higher speed by the use of positive cut-off valves for automatic control of steam
admission. This, like the Corliss cut-off, was a distinctive development of American engineering skill, The Dorter-
Allen engine was brounght into prominent notice at the Paris exposition (1807), and the Buckeye engine was o design
developed a few years later. At the Paris exposition high-speeding received another aid in the introduction of
Richardy’ improved indicator for testing the power of engines. The Porter-Allen engine derives its nameo frow the
combined inventions of John If, Allen and Charles T. Porter, the admission valves being the invention of Allen,
and the general design of the engine due to Porter, whose name is associated in particular with the governor and
the framing or bed of the engine, both of which have been largely copied. The Buekeye engine was doveloped
mainly under the patents of J. W. Thompson, The device of a ¢ shaft-governor” is attributed to J. O. Hoadley;
but the Buckeye engine, employing a design of shaft-governor in connection with balanced or rolieved flak valves,
commansled a commereial success which has made it a representative type.

.A DlStOﬂ_ speed of over 1,000 feet o minute has been employed in large sizes of both of the positive cut-off
engines men.tl.oned. Large Corliss engines are rated to be run ag high as 720 feet a minute. Usunal speeds are less
even fo‘r bositive cut-offs. H. A, Hill gives as the present statns of good high-speed usage 300 to 200 revolutions
for engines of 50 horse-power and under, 160 to 125 revolutions for 50 to 150 horse-power cugines with 20- to 30.inch
strokes, and 120 to 90 revolutions for 200 to 800 horse-power engines with 30- to 48-inch strokes.

- In 1869 the Novelty Iron-Works, of New York, commenced the manufacture of & new slide-v

. alve engine with
the Horatio Allen style of bed (Fig. 14), These were made in standard sizes from ;

5 to 350 horge-power in two
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series, with long and shovt strokes and various ranges of speed. Thae short strokes were less than two diameters
of eylinder and the long strokes over two diameters, The speeds of engines from 25 to 50 horse-power were rated
at from 131 to 45 revolutions per minute for the long and 212 to 78 revolutions for the short strokes. The speeds.
of engines from 60 to 150 horse-power were rated at from 104 to 40 revolutions for long (24- to 48-inch) strokes and
168 to 63 for short (13- to 30-inch) stroke, The speeds of engines from 175 to 350 horbo -power were rated at from
87 to 83 revolutions for long (36- to 60-inch) strokes and 42 to 142 for short (21- to 48-inch) strokes.

"The latest development is in the usage of what are known as single-valve automaties. These govern by aid of
variable compression acting jointly with variable admission. This prineiple was first dwelt upon by Mr. Harris.
Tabor. The compression goes far toreduce loss by clearance and internal condensation. Asameasure of economy
“there is nothing so promising which comes with so littlo cost”. (Tabor.) The single-valve automatics are not so
much desigued to produce absolutely the most cconomical results as to got “the most for the money? with thie best
uniformity of speed. Itis argued that it is “the attempt to save the last per cent. of fuel” which involves a cost
overbalaueing the slight advantage gained.

The Richards indicator was introduced in 1867 as a practical deviee for determining the power of engines
speeded so high as to render worthless the indieations of instruments previously used. The requirements of high
speeds have now so advanced that the Richards is held suitable only for the indication of low-speed engines,
numerous devices, such as those of Thompson, Brown (Crosby), and Tabor, having been invented for the indication
of powers under higher speed.

The following tables malke an exhibit of the range of speed as practiced in various kinds of work. They are
gleaned from data furnished Ly the Buckeye Engine company, Salem, Ohio, of he nsage of their engines, There
is first o table showing fastest, slowest, and average number of revolutions per minute for various classes of work,
the corresponding power ov weruge power bein g cited ag developed in each case, This conveys a good idea of
the average size of engines to whiclh the speed Dbears reference. The usual rated power is as developed with a
mean elfective pressure of 85 pounds from an initial pressure of 80 pounds cut-off at about one-fifth of the stroke.
Of course different classes of work embody different conditions and different engine powers, in the light of which
the figures have to bé interpreted. A seecond table shows, in a similar manner, the ranges of piston speed in
various classes of service:

Tanrn L, Tanne 1L
Rovolutions. Spoed in fuot por minute.
Fastest. Avernge, Blowoest. Faatost, Averagoe. Slowost.
v I . i’ i) a
Kind of sorvico, a a § Iind of sorvieo, g a E
I PRI R - O L IR T I T
I
gl e e & | &) A E & |8 | &8 | A
Cotton and woulen mills ... 215 20 150 183 100 600 § Trint WorkS «ussnnseercarnnrons 060§ 1,200 788 714 500 120-
Electrio Hehts oovavviernnnnn. 215 150 159 i1 100 150 | MInIng euevenanacorneviveinnans 800 400 b77 178 360 G0
SH0V0 WOTKE cevirninmnnnsnns 200 25 161 40 100 100 | Wire milla. e e e rcsiee vercanaans 600 175 5066 157 633 140
MMachina-shops.. . 225 80 142 2 5 40 | Graln clovafors vevanean [P 760 | 1,200 b86 420 420 90
Taper millgeeeescines canann 216 80 137 ‘00 83 126 | Papormilly, ceeecseescnaccnenas 800 126 b27 15 400 80
AMalleablo iron works «ve.eus 150 [if}] 132 (. b9 100 50 | Cotton and woolen milla........ 620 600 E0C 133 450 40
Tlowringanills ...... [P 225 a5 129 80 83 160 } Rloctric Hghts vaesaansene [T G20 80 6506 a5 460 40
Iron works (rolling, ote.).... 150 200 120 08 100 80 | Flouringmills weveeneenmrannnnn. (it} 200 493 a0 400 [ili]
Print works evnees sesernana f 160 1,000 127 714 102 250 ] 8ille millg . eevnriainacnenian, 600 150 485 128 840 80
Wook-working. cvesenesnanans 160 §0 120 50 70 150 1 Malleable iron works .... - 40 80 4791 | . 875 878 30
MiInIng cevsvvneeriennrrnnennn 176 0 104 178 83 350 § Wood-worltingeeenra e conmennnn. 600 75 460 89 873 %
Wivemills........ venennan 100 175 100 167 100 140 § Tron works (volling, ofc.) cees.. 84 70 408 93 850 40
Sille mills oo ei e v e 110 g0 95 80 80 80 ] Machine-shopa. 066 200 461 62 250 40
Grain elevators couaeiveecane, ] 200 02 422 80 00 1 Stove Works .uu... . 400 100 441 46 850 30
Brass works .vonvnnen,. R 120 65 01 72 75 00 § Brags works weeeveenveccsnnans 480 55 418 7% 350 60

A graphic exhibit of the effect of speed and automatic cut-off upon the size of engine is shown in a diagram
comparing four sizes of engines of nearly the same power between 100- and 125-horse power.
A and B represent the cylindoer sizes of automatic engines with steam at SO pounds initial, cut-off at one-fourth

" stroke. A is speeded at 78 revolutions and is a drop cut-off. B is speeded at 150 revolutions and is a positive

cut-off, . .
O and D represent the cylinder sizes of tlirottling or plain slide-valve engines. O is speeded at 70 revolutions,
D at 600 revolutions (as tested by the speed- md]mtor)
All of these are practical serviceable engines in competltlon on the market to supply like powers, although not.
equally suitable for different purposes, D represents a direct-attachment saw-mill engine, of the durability of
whicli, despite its small proportions, we have had some evidence. As compared with B, an example of a high-
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speed automatic for electric lighting, it is seen to be far in advance in point of speed, although antedating the
high-speed antomatic. Comparing A. and O, it is plain that steam is so throttled: and wasted Ly C that A, with
steam cut-off at one-fourth of its stroke, develops equal power, though a smaller bore of cylinder. A is also higher
speeded, and shows the advance in speed made by the drop cut-off automaties over the early types of throttling-
engines. .

With D the economy is very much better than with O, for the steam is used quick and lot, the best regulation
of speed is attainable and throttling becomes less injurious to efficiency. The piston.speed of A is 556, of B 600,
of O 420, and of D 1,200 feet a minute. With the same mean effective pressure per square inch the pressure
coming on the crank-pin would be in the proportion of about 6,000 for A, 5,000 for B3, 11,000 for C, and only 2,500
for D.  In fact, C uses steam so much throttled that the mean effective pressura i3 less, and the averago pressure
upon its crank-pin would be about 8,000 pounds,

1. 18, —COMPARISON 01 LNGINES OF LIKE PowER,

Mention has been made of the use of belts, instead of gears, as an American improvement, but a still greater
innovation is in progress. Tor low speeds a pulley fly-wheel with belt is used, but for high speeds of engine, belts
are discarded, and by means of a coupling and balance-wheel direct connection is made to the ond of the line-shaft.
Both positive and drop cut-off engines are used in this way. The practice is mainly employed in rolling- and in
flouring-mills, but the tendency is to make it more general for other classes of work. A notable example of {he
employment of this practice in shops is afforded by Colt’s armovy, Hartford, Conneecticut, in which the principal
power is furnished by four Porter-Allen engines coupled to the main shaft, As this is one of the most notable
instances of direct connection employed in alarge machine-shoyp, an illustration is presented of two of thesoe engines,
which conveys a very good idea of the valve-gearing, and of the general arrangement for this class of service, One
sectional elevation is shown, the section DLeing {hrough the center of the eylinder, There is also shown a side
elevation, taken so as to exhibit the governor and its connection with the link-motion. The cylinders are beneath
the level of a platform of the factory floor, which permits the use of a good length of connecting-rod, and the
location of the crank-shaft near the ceiling at the usual height of mill shafting, The shaft makes 130 revolutions
per minute. The cylinders are 12} inches in diameter by 24 inches stroke, and are rated at 75 horse-power each, or
300 horse-power for the four. The engines were built in 1867 from the designs of Mr, Charles B. Richards.

The first Porter-Allen engines which were applied to rolling-mill service were put in the Albany and Rensselaer
Steel works on the recommendation of Mr. A, 1. Holley., This was in 1876 or 1877. The engines had 18 by 20
and 22 Dy 36-inch cylinders; and in 1880 a 22 by 86-inch engine was put in to drive a rod-train, and this was driven
at 200 revolutions per minute, or the great piston speed of 1,200 feet & minute, the piston going a mile in less than
4% minutes. The operation of these high-speed en gines has been very satisfactory.

There are examples of Corliss engines counpled to line-shafts at from 50 to 110 revolutions, principally in the
flouring-mills of the west. With the high-speed engines, from 100 to over 200 revolutions per minute are usual
for this class of service, and it is stated that, owing to the reduced weight of engines, fly-wheels, and framing,

the cost is sometimes reduced as much as one-half from the cost of belted engines of the same power. This is’

& characteristic American practice, and it is justly regarded as a great advance in economy.

Among the various types of automatic cut-off engines, competition has heen so active that there is not one of
the leading designs which has not been perfected so as to exhibit a high degree of economy, and the matter of
selection is often reduced to a question of wear and workmanship rather than to the exhibits of close results in
competitive trials, whose conditions may not be maintained in practice.
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Into the conflict of trade opinions we cannot enter. The nature of service will often determine the selection
of o proper speed. “Ag Letween the standard automatic engines of to-day, the inherent differences as to economy
are so small as to belong rather to expert investigation than to practical account” It is truly said that the counses
of fuel waste are more often to be found in the conditions under which the engine is compelled to work than in the
engine itself,

’ 4 140
1 5
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Fi16. 14, —NoveELTY IRON WORKS IINGINE,
PYPES OF STATIONARY ENGINES,

Talve-gears—*The description of an engine naturally commences with the valve-gear and the valves” (Dorter),
for these are the most distinetive features of an engine,

Nearly all engines employ an cceenirie, secured upon the main shaft either flexibly or rigidly, as may bo
doetermined by the requirements of the valve.gearing, The eccentric is a well-approved feature. It furnishes
large bearing surfaces with smallktress, and generally gives little trouble, although it is sometimes caused to heat

by the attempt to drive valves of heavy resistance at too high a speed. The action of the eccentric is precisely
similar to that of a erank with a radius equal to the eccentricity, and its motion is usnally communicated to the
valve by means of o strap and rod.

In foreign practice a return crank is often nsed instead of an eccentrie, more rarely here, although the Warren
engine (g, 17) shows this usage. It bringsthe steam-chest on the front of the eylinder and permits unlimited
length for the main bearing.

It is sometimes desirable to use small eccentrics which cannot be 1)1<Lced upon o large shaft, and an auxiliary
shaft is nsed geared from the main shaft. The object of this is to lighten the valve-geaving and to effech certain

- motions of closure with a short quick throw., Such auxiliary eccentric shafts are used on some types of Couliss
cngine and on the type of Cummer antomatic engine shown in Fig. 26,
The bearing joint between the eceentric and its strap is usually cylindrical and stepped having 1)10]_)01‘ grooves

for Tubrication. In the Buckeye engine the joint is made spherical, so asto be capable of easing and adjusting -

itself in any direction,

The eccentric is double-asting. Even in the Westinghouse engine, with its claims of single action avoiding the
loosening of connections, the eccentric-rod is an exception. In a few cases cams are used in place of eccentrics, or
“lay shafts,” geared {rom the main shaft, carry cams, which operate the stems of valves of the poppet type.

In engines of the throttling- or plain slide-valve type the governing principle is not applied to the valve-gearing
at all, variations in speed serving only to vary the opening of the throttle-valve in the steam-pipe. Iigs, 14, 15,
16, and 17 are illnstrations of this type of engine.

A variable cut-off engine is one in which the valve.gearing may be adjusted by hand while. the engine is

ranning, The adjustment may be applied to the valves as in Meyer’s gear, in which riding cut-off valves moving

upon the face of a main valve are changed in position by a right-and-left screw varying the cut-off. In Rider’s
gear the valve is cylindrical, with admission-edges at such an angle that the eut-off is varied by turning the axis
of the valve. A like effect may De obtained with flat valves and inclined port-openings, as is done in the Watertown
engine, in which it is used automatically; that is, the cut-off is determined by the position of weights in a governor.
Rider’s and Meyer’s gears are also cmployed mtomatlcmlly .

Hand adjustment is applied to connectin g-links between the eccentric and the valves in many cases, notably
in locomotive practice, where it is universal; and in traction, hoisting, and other engines, which may be speeded up
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to their load with little or no dependenee upon cenfrifugal governors. Hand adjustment may be also applied in
varying tho cut-off by shifting the eceentric or by altering the throw of the valve through the operation of cams,
gears, and levers, as in various devices, some of which are used upon traction engines, In some large compound
Corliss engines, the cut-off is made automatic on the high-pressure cylinder with the nsnal releasing gear, while on
the low-pressure cylinder the cut-off is merely setat a given point, which may be readily varied by hand adjustment.
In such a usage the bit may be said to be in the mouth of the leading cylinder only, whiclh guffices for the automatic
government of the speed of the entire engine.

Automatic valve-gears may be defined as of two types, releasing and positive. These are characterized by
several important differences, upon the merits of which there is mueh disenssion. The gears in both types are
positive for the main movements of the valve or valves governing the admission and exhaust of steam, The lead,
that is, the movement of the valve from its position corresponding to that with the crank on its center to its
position when it begins to uncover the steam-port, is usnally unchanged. In Corliss engines and in positive cut-off
engines with set cceentries moving o main valve it is nnchanged. In an engine such as the Armington and Sims
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(Tig. 23) the same effect is secured in a combination of two eccentrics, one encireling the other. The lead in all
positions of the eccentrics remaing constant and praectically unchanged. In the Straight Line engine, with what
may bo called a position eccentric-rod projecting upwards at a slightly variable angle (Fig. 25) from the center line
of the engine, the connections are such as to maintain a practically constant lead for all points of cut-off from § to
0; this with asingle valve and eccentric. In the Porter-Allen engine the tipping motion of the curved link properly
adjusted imparts a slight difference of lead at the ends of a eylinder, corresponding nearly with the difference of
motion of the piston, due to the angular vibration of the conneeting-rod. The Porter-Allen engine cither uses a
geparate eccentric (Fig, 13) for its exhaust-valve or operates both valves with one eccentrie, as in the engine shown
in Iig. 24,

In the positive cut-off engines governing mechanism is applied to shorten or lengthen the throw of the cut-off
valves, or to alter their distance apart for the same throw. It isapplied in moving a block in a rocking-link in
the link-motion eng,mes, and in moving an eccentric in respect to the center of a shaft from which it derives its
rotary motion, as is usual in the “shaft-governor” engines. In either case the outcome may be well expressed by
using the sailor’s term, and saying that we take a reef in the valve travel. The governor is said to be ¢“saddled
with actuation,” that is, it must vary the cut-off and move the valve.gear under stress. This involves power in the
goveruor, and the power must be derived from the centrifugal force of heavy weights driven in rapid rotation by
the engine itself,

But little work is involved in driving these governors. In the shaft-governors the weights operate as so mueh
fly-wheel weight, which long-stroke releasing-gear engines would require in larger proportion. In “actuating”
governors the inertia which is acquired conformably with the speed of the engine has only to be changed from time
to time by very small increments, so that there is no lhesitancy in effecting any change of cut-off that may be
required. In-the Buckeye governor all the joints are spherical, and kept continuously, though. slightly, working by
the rapid succession of small resistances. The action of such a governor may be compared with that of a large
ball in motion rolling over small inequalities upon the ground. The resistances are there, but they seem overcome
with scarcely appreciable effort.
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In point of sensitiveness, any effort required by actuation is probably more than compensated by the more
frequent opportunities for cut-off afforded Ly short-stroke engines, and the great power of governors, such as those
of the Straight-Line engine and the Ball engine (Fig. 27), is obtainable at no more first or running cost than that

FiG. 16.—CINCINNATI SLIDE-VALVE ENGINE.

stress upon whlch is slight, and in some of the latest improvements in engines of the thss type may be said to
amount to nothing, It'has practically no
i ll | work to do, and is free to respond with the
greatest delicacy to slight pulsations of
speed. The movement required for disen-
gagement is slight, but it is snflicient.
‘ | Hard steel blocks and catches are em-
| n | ployed, by which great accuracy and dura-
. | [ bility are obtainable in these light working
M be applied to flat gridiron- and poppet-
i valves as well as to the usual taper or cyl-
, ‘ indrical valves. The details of mechan-
' ism employed by builders in this coun-
\ 1 il try and abroad are too varied for full
s consideration here, and we shall confine
ourselves to a description of some of the

salient features of leading types.

Motion is communicated from the ce-
rod) to a rocking wrist-plate, from which
small connecting-rods communicate mo-
tion to four (sometimes in case of compound
engines to eight) rocking valves. The ex-
haust-valves have positive connections, as
do also the steam-valves for their adnis-
sion and up to the point of cut-off, Then
a toe, usually upon a bushing concentrie
with the hub of the admission-valve rock-
valve-stem with a rod leading to the piston
of avacuum or spring dash-pot. This has
been drawn up by the previous motion,
creating o vacuum, The piston now re-
turns to fill this vacuum, rocking the valve
backward aud effecting a prompt cut-off,
as Corliss engine dingrams will generally

- show. Upon the return movement of the
wrist-plate a small spring causes the con-
admission of steam. ‘

George H. Corliss has himself devised
numercus modifications of his invention,
of which the mammoth engine for the cen-
tennial exposition at Philadelphia is a

design familiar to many. Of the earlier
designs for stationary and factory purposes
& well-known arrangement employed a wrist-plate rocking a heavy spring-arm forward of the cylinder. A light
curved spring wrapping upon the back of this arm assisted the vacuum- -pots in cutting off steam as soon as the

of so much fly-wheel,
In the releasing-gear engines the governing mechfmlsm is applied merely to locate a tripping toe or block, the
parts.

The Corliss principle of release may
centric through rocker-arms (required to
sustain the necessary length of eccentric-
arm, disengages the connection with the
wrist-plate. Another arm conneets the
necting-rod to the admission-valve rock-
arm to re-engage positively, ready for the

point of release was determined by the governor, The type of Oorliss gear now in most common use in this country
embodies an armngement substantially of his device, but more favored in practice by others than by himself, '1‘h1s
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has a wrist-plate in the middle of the eylinder, as showw in Figs, 18, 20, and 31, the engines of other builders. In
Fig. 18 the so-called crab-claw of the releasing gear is placed on the end of the conuection from the wrist-plate.
In TFig. 31, showing a desigu by Iidwin Reynolds, the ¢ crab-claw” depends from an extension of the rocker-arm
above the valve-stem. .

In the Atlas-Corliss engine the employment of an auxiliary shaft with two eccentries permits o steam-admission
cut-off beyond mid-stroke, at whicl the range of admission of releasing-gear cut-offy with single eccentrics is limited.
In the Wright engine the admission-valves are gridiron slides, but the principle of release is the same.

An “indicating” eut-off gear of an entirely different type is shown in Fig, 32, which illustrates & heavy rolling-
mill engine buils by B, P, Allis & Co., of Milwaukee, Wisconsin, Its action is thus described by Mr. Hoppin:

The raising or lowering of tho governor-balls moves small valves, which admit water nuder pressure iuto one end of a small oylinder
and exhaust it from the other end. Thero is inthe eylinder a piston, connected by a rod to the valve mechanism in snch manner that the

- movemont of the piston advanees or retards the time of elosing of the eut-off valves, Tho eylinder is at all times full of water, and

when the engine is at its correct speed the governing valves are all closed, thus locking the piston in position. Any movement of the
governor allows water to euler ab one end of the eylinder and to escape ab the opposite end, :

This devicoe is essentially different from the Corliss in that there is no disenga gement, and different from most
forms of positive cut-off in that the governor does not do the work of shifting the cut offi The valve motion is

positive, the connection is unbroken, but water-pressure is called in to do the work,

The method of securing the eccontric is determined by the character of the valve.gear. In throttling-engines,
in Corliss automaties and link-wotion antomatics, and in the main eccentrics of double-eccentrie shaft-governor

Fre, 17.~Warrey (Ouro) ITicir Serrep ExaiNg ror DiRrer CONNECTED SAw-MILLs,

engines, it is made fast to the shaft sometimes by a key, move often by set-sorews. The Porter-Allen engine has its
eccentric in one picee with the shaft and in the saine position as the erank, instead of at right angles to it, as usual.
The link is of the Fink type, formed in one piece with the strap, and capable of movement upon rocking trunnions.
The main eccontric of the Buckeye engine is secured to the shaft by a wedge-bolt and toothed block, permitting of
ready adjustment. '

The Joose cceentrics of shaft-governors are most commonly pivoted upon a pulley or dise secured to the shaft.
Theso eccentrics are formed with an elongated eye, through which the shaft passes, permitting a play which furnishes
the desired range of cut-off. Tho throw of the eccentric is so designed that the lead is only slightly changed in
the whole range of cut-off, and in some cases causes the valve motion to be “timed with the piston motion, giving
a quicker admission for the*port at the head end than for that at the crank end of the eylinder.” (Joshua Rose on
the Ide Engine,) An eccentric merely turned upon its shaft, as is the ease with the Buckeye cut-off eccentrie,
would vary the lead, but with the Buckeye the lead is governed by the main eceentric, and the rocker of the out-off
eccentric-rod is 80 mounted. on the main rocker as to produce a combined eut-off movement, securing quick closure
and a travel favorable to uniform wear., The Armington and Sims engine also has an eccentrie turning upon its
shaft, but here the encircling eccentric compensates in such o way as to preserve uniformity of lead. The d.evices
employed in ghaft-governors are very numerous. Instead of the swinging motion upon a pivot some designers
employ compound slides, Watt or other parallel motions or traversing-gears, to move the ecceum:ic straigl}t aCross
the shaft, as may be determined by the revolving weights with their controlling springs, which constitute the
governor,

Governors.—Of the governors employed in regulating throttling-engines the Judson was a type at one tm}e
almost universally used upon small and medium-sized engines. In thisa pulley drives a pair-of Level-gears in
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the yoke of a frame, operating a sleeve-spindle, in an enlargement of which the arms of balls are pivoted, The
balls, being thrown ontward and upward by revolution, depress a central rod by means of sockets in which the ends
of the ball-arms work, and {hus close a valve, Inthe Pickering governor the balls are held by slightly curved
‘ springs, and there are no joints. In the
Waters governor—a very popular type—
the balls are fastened upon ecurved
springs. The Gardiner governor is mucl
used, and the Tabor governor, recently
introdunced, is more complex in construe-
tion, but makes claim to great nicety of
regulation, Upon the details of these

have been perfected Ly much study
and experiment antil results have been
reached which place the throttling-engine
on a much better footing as compared
with antomaties than it could have held
afew years ago. A small engine running
under a constant brake load with one of
these governors did not vary speed 2 per
cent. in a fall of boiler pressure from 100
to 50 pounds. Under 100 pounds steady
boiler pressure the load on the brake was
increased from 10 to 50 pounds without
causing the variation of a revolution, to
100 pounds with a variation of spbed of
less than 1§ per cent., and to over 300
pounds with a variation of 5 per cent.
Upon large engines the Watt type of
revolving pendulum governor is com-
monly used, being often modified by
springs or dash-pots to increase sensi-

Porter governor, in which the sensitive.
ness of regulation is increased by a weight
encircling the spindle and not subject to
centrifugalaction, is very much employed.

Inrecent years tho chief development
has Dbeen.in the introduction of shaft-
governors, which have given character to
many new types of automatic engines.
The weights are commonly hinged upon
the arms of pulleys or npon dises secured
] i to the shaft. They revolve in a vertical
i plane, with a tendency to fly out by cen.
1‘ |l| trifugal force which is restrained in part
] by powerful springs, These are in most
h il cases of spiral forn, and subject in some
m l designsto extension,and in others to com-

Fi6. 18.—CoRLIsS ERGINE, WITH CAST-IRON FRAME (CmNcINNATI, OHIO)

pression, The foreces of weights and
springs are unbalanced to an extent nee-
essary to overcome the friction of the
valve mechanism, the preponderance
being sometimes as much as 10 per cent.
in favor of the weights, althongh it may be madein favor of the springs. The springs are commonly attached to the

same hingedsarms to which the weights are secured, and in many designs the initial tension of the springs and

their points of attachment may be adjusted to sceure the best results. The weights may also be moved so as to
alter their leverage and their power relative to the resistance of the spring. With these arrangements it is feasible
to secure substantially isochronal government, although this is by no means obtained in many designs. Many of
the springs used do not give like increase of stress for different eqnal inerements of extension, and the leverages

small governors we will not dwell, They -

tiveness and prevent vibrations. The
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commeonly vary for the different positions of the weights. It is feasible to make these variations tie with the
variation in the resistance of the cut-off valves for different points of cut-off, and also to cause the engine to speed
up under a heavier load,

" The methods of conveying motion from the weight-levers to the cccentries are various., Links are commonly
employed attaching to ears upon the eecentric or upon a disk ovr wing-pices which so gears with the eccentric as to
cause its movement around (relatively to the
position of the crank) or across the shaft. In one
design (Giddings’) compound slides are uged, which
ingure a certain degree of stability against vibra-
tions, without whicl, and with a close balance of
weights and springs, there is a tendency to
“race”. In avother design (Ide’s) a small dash-
pot filled with glycerine secures freedom from
these oscillations without sensible impairnrent of
gensitiveness. Theuse of the dash-potis to cushion
ghock and distribute vibration, as oil smooths the
surface of troubled water, It is sometimes criti-
cised, but from a purely mechanical standpoint its
use is as legitimate as that of a fly-wheel. In
another design (Bogert’s) the system of weight-
connections is made to constitute a Watt parallel
motion, the system being balanced by a single
apiral spring. In still another (Bigelow’s) the ily-
ing weights have toe extensions, which operate
against the resistance of springs a sliding block
to which the eccentric is secured., The block is
made to s&lide npon round rods, and balance is
maintained by three springs in equilibrium. In
the well-known design of Professor Sweet in the
Straight-Line engine o single weight is used,
balanced by a powerful spring, which is slightly
curved and formed of flatted leaves like an elliptic
car-spring. This makes a powerful governor, and
is probably the simplest of all, the eccentric being |
of the pivoted type, and swung across the shaft
by an ear attaching to a point of a link which
connects the end of the curved spring with the
end of the weight-lever.

There is scarcely a mechanical movement
which is not capable of application in the arrange-
ments of a shaft-governor, and the efforts of in-
ventors seem 1o be becoming more and moro
prolifie, and will not be followed at great length,
Mr. F. H. Ball is the inventor of & governor in
which a new principle of regulation is claimed, A
pivoted eccentric is nged with the pendulum motion
across the shaft, obtained Ly the movement of a
disk which has an internal eccentrie ring engaging
with a stud in the eccentric. The disk is maved by
connection with weights hinged upon the arms of
a pulley and balanced by spiral springs secured to
the same pulley as is usnal. But the pulley is not,
as nsual, keyed to the shaft, but is mounted free to
revolve upon a hub keyed to the ghaft with wings
or arms connected by springs to the weight-srms ‘
pivoted upon the pulley. The pivotal stud on which the eccentric swings is also placed upon one of these wings.
The power of the engine is exerted through the shaft, hub, wings, and spring connections, and weight-arms to the
pulley upon which runs the driving-belt. The load is the tension upon this belt, and any variation in it acts upon
the governing system of weights and springs before the changed resistance taxes or relieves the power which is
being exerted by the engine at the previous point of cut-off, : ‘
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The power depends upon the regulation of steam supply, and if this depend.s, as usual, upon variatim} in slweefi
our premise precludes the possibility of reaching uniformity of speed. This it does not appear to do in tct'm's if
our steam supply is made to depend upon variation in load, but, in fact, as speed and load aro related, variation
in load {s variation in speed so far as the driven mechanism is concerned. Fly-wheels in the power train near the
driven mechanism cushion pulsation and se.
cure smoothness of running as well as those
upon the engine-shalt, Ordinarily the pulsn.
tion due to change of load is gradually taken
up by the fly-wheel and gradually felt by the
engine in gpeed and in adjustment of steam
supply to meet load with power and restore
the former speed Ly a new equation, In the
Ball engine the first draft upon the engine by
increased logdd changesthe provision for steam
supply before the engine speed ig vetarded in
compliance with the unalterable laws of iner-
tia. Theaction is prompt, the governor may
be said to weigh the load, and the peoetical
outcome is a guarantee of less than n revo-
Iution variation in specd between an engine
running loaded and empty. '

But the advantage guined is slight in
fact. It is only an advantage in time in a
transmission of power which is almost instan.
taneous. With the Ball engine inerensed load
must do the work of slightly extending the
‘connecting springs, and then the added load,
with all its retarding effeets, iy upon the
engine, unless the lost motion gained in the
adjusting springs happens ot tho eight instant
to extend the impulse of full steam for the
stroke of tho engine that is taking place, and
unless thoe inerdia of tho reciproenting parts
is overcomo before the pulsation of speed
reaches the shaft, We have not coma to snch
a refinement ay shall smooth the vaviation of
effort during a stroko except in the matter of
regulating the inertin of the reciprocating
parts, but the advantage of the Bull gystem
of regulation seems to full within the limits
of these variations,

The ehief object of a smooth-running en-
gine is to obtain smooth-running maclinery.
This is done as far ag practicable in the bess
types of antomatic engines of various designs,
Where shocks and suwdden variationg arise
from the operation of the driven mechanism
fly-wheels may absorh these shocks, but the
closest obtainable government of engines can
not prevent them.,

The Commer governor exhibits the appli-

: . cation in shaft-governors of a principle similar
to that of the Porter governor among revolving pendulum governors, Thoe sensitiveness is increased by a dead
weight act%ng in conjunction with lighter weights, which only are subject to centrifugal force, The Cummer may
thus be said to occupy the position in respect to other shaft-governors which the Povter occupies in respect to the
Watt.governor. This feature involves some peculiarities of construction, which require an auxiliary eccentrie shaft,
ESDGCl’fLHy in cases of a coupled or extended main shaft. The revolving weiglits have links attaching to Loll.cranks,
by which they are connected to arod in the hollow center of the shaft, The rod extending out from the end of the

Fic. 20.—Corriss EXGINE, wiTH EXTENSION-RoOD.

shaft connects with a bell-crank rocker, on one arm of which hangs the dead weight, as shown in Fig, 26. A spring

also attaches to this arm, and it affords a ready means of adjustment for speed. An engine of this type fully loaded

£
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in driving electric lights may have its entire load thrown off at once without any variation of speed that is perceptible
to the observer. The best types of high-speed engine, such as the Armingion and Sims, the Porter, the Buckeye,
the Ball, the Straight Line, the Ide, and others (the variety in meritorious designs is constantly inereasing), show
similar close results in regulation. With correct adjustments any of these engines ave capable of results sufficiently
fine to meet any practical requirements even in
electric lighting, and some of the most satisfactory
plants for electric lighting, especially in the matter
of fuel economy, employ large engines of the Corliss
type. The employment of a large engine of any
type (if the load requires a large engine) is more
conducive to economy than the employment of small
engines, but the convenience of having & small
engineg for cach dynamo may outweigh cousidera-
tions of fuel economy. ‘
Valves—The poppet-valve of the double-heat
type has been described as a perfect valve in theory,
opening a large area for a small movement and, if
balanced, closing with a touch and without rubbing
movement. They are sometimes employed upon
stationary engines, but practically the conditions ot
high speed increase the difficulties of balaneing, and
cause o hammering upon the seats, which the uso
of dash-pots does not perfectly corrcct. Thoy are
therefore not o feature of any leading type of
American stationary engine, and tho thres forms of
valves whose employment is most common, and
whose merits are most under disénssion, are tho tab
slide, the piston-valve, and the rocking valve,
‘Whichever of these valves is ewployed design-
ers havo been alive to the importance of seeuring a
large avea of admission for a small movement. In
sliding valves, whether flat or eylindricnl, this end
is reached by having two, or four, or more edges of
admission, A flat valve, with several slots for
multiplo admission, iy ealled a gridiron-valve, With
piston-valves the nwmber of admission-openings
may be increased to any desived extent by using
hollow valves slotted through, and working in bush-
ings perforated in a similar manner. The rocking
or Corliss valves have usually single adwmission
edges, but the ports are wide and the valve travel
ig made quick at the point of opening, The arvange-
ment for quick valve travel ab certain acting puints
is @& consideration belonging more truly to valve-
gearing than to valves, bub the quick wristmotion
obtainable in a proper design of Corliss valve-gear
makes a single place of admission sufficient, The
merit of thig feature is recognized by Mr. Porter in
the form of “Corliss wrist-motion”, introdueed into
the connections of the admission-valves of the Por-
ter-Allen engine, making a “differential valve move-
ment”, by which the opening of the wvalve ig increased, and.its lap may be reduced, permitting the use of
narrower seats and smaller valves for the samo stcam-opening. _ _
The wear of Corliss valves is slight, and ig compensated in most doesigns by springs, which'lwld the acting portion
of the valve to its seat, In some engines the valve-stem, instead of passing throngh the valve from end to end,
terminates in a Llade or T-head, fitting into a slot in the end of the valve. These rotary valve-stems aro packed
in various ways, sometimes by regular stuffing-boxes with glands, sometimes by grouwl joints without stuffing-
boxes, a simall area under steam pressure keeping all tight. The valves of the Wheelock engine have at one end
a hardened steel trunnion and at the other a hardened steel bushing, valves, seats, and bushing-bloeks being made
tapering one way, and steam being allowed to pass back of the lwrg'w oud of the valve to hold it to its seat and to
take up wear.
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* In throttling-engines of the old type there is less need of balanced slide-valves, because the pressure of the

steam as throttledis reduced. Inwell-governed throttling-engines proportioned for their loads there is less throttling,

and balancing is more important, and in antomatic engines with slide-vacves some relief from the full pressure on

the back of the valve is almost nccessary  An exception may he noted in favor of the Ball engine, in which the
power of the governor is sufficient to actuate plain
slide-valves, but even in this the work of moving the
valves is to be considered as a cause of wear and a
dedunction from the power of the engine, The builders
of this, as of most other automatie engines, recommend
a balanced or relieved valve. A relieved valveis one
which we define ag partially balanced, enough press-
ure being permitted to hold the valve properly to its
seat. ‘

Builders of engines having flat valves will nat-
urally refer to the locomotive, in the trying service
of which ‘‘nothing else¢ has been found to answer”,
The Porter-Allen engine las flat valves, the admis.
sion-valves being separate from the exhaust. The
admission-valves have four places for the inlet of
steam. The line of draft is central, which is condu-
cive to long wear. Adjnstable pressure-plates hold
the admission-valves to their seats, being capable of
movement on inclines to take up wear and yield for
water relief.

The walve of the Straight-Line engine is arectan.
gular iron plate, with a back plate and side strips, in
which, as a framing, the valve moves ““practically
frictionless”. The back plate permits of compensation
for wear and yields in case of water in the cylinder,

The Ball engine has a flat valve in two parts, be-
tween which is a packed piston, The arrangement
partially relieves the pressure on the back of the valve
and permits of antomatic adjustment for wear. The
valve-seat is rescraped during the testing of the en.
gine until thereis no leakage under full boiler pressure,

The Cummer engine has o flat main valve with o
flat riding valve. These are small valves, with short
movements, and the designers prefer such valves un-
balanced to the complexity involved in balancing
arrangements, relying upon the power of their gov-
ernor to handle the valves easily, as it appears to do.

The Buckeye valve is pecnliar in many respeets.

It is a relieved valve with a riding cut-off, and its sue-

cess is attested by long usage. The main valve isof a

box type, the interior of which is supplied with steam

through open pistons, furnishing pressure areas, by

which the valve is held to its seat, The cut-off valves

" arelight plates working inside of the box-valve. Their

stem works through the hollow stem of the main

valve, To secure anearer approach to abalance steam

& is admitted and exhausted from relief chambers in

the valve-seat. Theengine may be ran with steam-chost covers off, and the tightness of the valves may be assured
by inspection under steam, ‘

- The exhaust-valves of the Porter-Allen engine are self-tightening by steam pressure from the cylinder acting
-on a copper diaphragm, which holds the valves to their seats by a frame attaching to the diaphragm. This device
is the invention of C. B. Richards, :

The piston-valve farnishes the nearest possible approach.to an absolutely balanced valve. It moves with little
frietion, and for its size and weight may be made to open larger admission areas than any other type. Itis easily

Fi6. 22.—BUCKEYE EXNGINE WITH TANGYE OR PORTER BED.

thandled by shaft-governors, and has been adopted by many builders of engines so governed—tho Westinghouse, the

Ide, the Armington and Sims, the Beckett and McDowell, and numerous others. It isemployed in the large rolling-
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mill engine shown in Fig. 32, which hasg separate valves for admission and exhaust, These valves are liable to
wear leaky, the hole, as is said, wearing larger and the valve smaller, but the valve has no less proved itself a
practical working success, Some builders use packing-rings to maintain the tightness of the valves, These are
cmployed in the Westinghouse valve, as shown in Fig. 30. The Beckett and MeDowell engine nses Baxters
piston-valve, in which & wide bearing-ring may be sct out uniformly by means of a follower with bolts drawing up
circular and concentric wedges. The valve used in the Armington and Sims engive has no packing-rings nor
adjustments for wear, Itworks in a bushing, which, like the valve, is replaceable at slight expense, and both are so
finished and hardened to endure wear that they will last without leakage for years, such valves having been found
to be perfectly tight after over 10 years of use.

Piston-valves and some types of balanced valves malke no provision in themselves for the velief of water in
the cylinder. To provide for this contingency the Ide engine employs diaphragm-eaps serewed upon the cylinder,

F1g, 23 —ARMINGTON AND SIMS ENGINE.

the diaphragms bursting before o dangerous pressure is reached. The Westinghonse engine employs a replaceable
pop-out head seb into the cylinder-head. In other engines pop-out plugs or water-relief coeks closing by springs
are employed for the same purpose. A

TFrames.—If the valve-gearing embodies the most essential differences in the working organism of engines, the
frame may be considered “the backbone of the engine,” and gives it & characteristic appearance, Most large and
long-stroke horizontal engines have modifications of the givder-frame. One of the carliest examples of this is
shown in Fig. 14, the design of IMoratio Allen. The framing is based on scientific principles and exlribits in its
form the distribution of strains and the economical disposition of the material. The spreading web-footed stands,
the curving bridge-like contour of the girder-spans, the stiff support under the guides, and the termination off
main framing at the front eylinder-head, these may have some appearance of oddity to eyes familiar with later
designs, but they are more correct than many of them, The comparatively slight support uecessary for the eylinder
is shown in the light stand, but for which this parb of the engine would overhang. In Tig. 18 is shown a Corliss
engine with cast-iron girder-frame. This is an ordinary style of framing, but of more than ordinarily graceful
design.. The stout post or foot supporting the end of the cross-head ways is a feature to be a ppr oved for r:guhty
in so long a girder, although it may be dispensed with in a shorter girder, as shown in Tfig. 20.

In Tlgs. 19 and 20 wronght-iron frames are shown, The overhung-crank engine may be cousidered a one-sided
construction, the strength of the frame being on one side of the main line of exertion of power, for which reason
it has to bo made the heavier. Butin the construction shown the pillow-block support is extended in a large box-
frame of cast-iron with heavy bosses for wrought-iron stretchers, extending to similar bosses on the cylinder-head
and keyed at both ends. The resultant resistance to draft is central, and the stretchers arve squared to serve as
slideways for the cross-head.

. In Fig. 82 we have an example of a cast-iron frame for heavy service, the usual girder being brought to the
base in one continuous flanged foot.

The Straight-Line engine (Fig. 25) is a center-crank engine, deriving its name from the framio g, which “runsg
in straight lines from the cylinder to the main bearings and exactly central with the line of strain, the frame
resting on three self-adjusting supports, thus securing a constant true alignment”,

Most of the early types of throttling-engines nsed a substantial raming, of which Fig, 16is a good illnstration.
It may be called a box-frame. With sufficient weight of iron it is a good framing, steady, and with resultant

‘resistance to draft central, but lacking beauty of outline, and not economical in its disposition of material, Fig. 15

3
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shows a modification of this type, conforming more to the plan of the engine, but still with a solid box support
under the cylinder. This engine had a very large sale at a time when a frame permitting the eylinder to overhang
would have met with no favor, : o

For short-stroke engines, throttling and antomatic, the Porter bed is the type coming into most general use,

This is sometimes called the molded-rim bed, from the base being in one continuous rim from which the hody of

the frame ascends in gracefully-molded contour,

but it is more often called the Tangye bed, from

//// / / the English manufacturer, who followed the design

/// /// j exhibited by Mr, Dorter at the Paris exposition

i / (1867). The name is ecommonly used perhaps he.

cause ib has a certain tang of foreign flavor, but

the merit of the design belongs to Mr, Porter, Tigs,

17, 21, 22, 23, 24, and 27 show engines with Dorter

beds, Theseframes are usually well stiffened with

interior cross and Jongitudinal ribs, and the mate-

rial is disposed so as to take (he stresses and form

a substantial base for the povtion of the frame on

which these stresses come,  The eylinder is left to

overhang, having only its own weight to support,

whichis little in comparison with thie power exerted
between the piston and the eranlk,

The Westinghouse cugine, shown in Figs, 98,
29, and 30, 1s a peculiar type of vertical trunk engine,
having an inclosed frame covering all the heavings,
which are constantly bathed in a lubricating mixt.
ure of black West Virginia oil and water, The
protection of beavings iy particularly necessary in
the. surreundings of dust and grit under which
engines are obliged to work in soms manufactures,
Watehes have dust-proof cases, and the bearings of
engines would often show bettor serviee if it were
practicable to apply any such protection, The high
speeds at which the Westinghouse engine casily
works may be explained in pavt by the ample pro-
visions for cooling the bearings, and the further
progress of high speed may he thought to depend
upon better facilities for Iubricating, cooling, and
even refrigerating the bearings, such as inclosing
Trames may permit us to employ,

Bearings—In some cases the mauain bearving is
capped at an inelined angle, but the hest prevailing
practice Is to use four-part buxes, the caps hovizon-
tal, and the ¢hoek-picces adjustable by wedges and
serews. A rigid support is obtained by making the
bearing in a massive jaw in thie bed, and giving
broad surfaces to the c¢heck-picees and adjusting
wedges,  In the Porter-Allen engine theso wedges
are located on either side at the edges of the bear.
ings: s0 as tosecure the greatest vigidity of support
for the erank shaft, the forces applied to which tend
to. deflect it.

’ In a main bearing provision has to be made for
N '| i the resistance of forces and for wear in at least three
I {/({ ,T' “ i * L dircetions: horizontally either way and vertically
' AR downward, The horizontal forces being greater
thz'm, those due to gravity, the cap is sometimes placed vertically at. the end of the bed to supply the greater
adj HStI{leDt;. Great rigidity is, however, secured Ly bedding the bearing with substantial cheek-pieces in a solid
111')Iolok%ug Jjaw of the frame, and the adjustment for wear meets every practical requirement. In girder-frames,
with slideways for vertical cross-heads, the top of the girder is brought mueh higher than the center of the shaft,
as appears in Figs. 18 and 26. This permits )

: and almost requires for good appearance a very deep and rigid cap,
large enough to furnish a reservoir for lubrication,

R // 5

F16. 24.—PORTER-ALLEN ENGINE.
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Brass boxes are sometimes used, but the nse of babbitt is much more general and in every way satisfactory,
if the metal be made from tin, antimony, and copper in correct proportions.

The main bearings of the Westinghouse engine are not made with boxes eapped in the usual fashion, but
sleeve-shells are used, babbitted, and firmly seeured by taper sleeves and bolts, These shells are replaceable for
wear, or may be rebabbitted, The method of ‘ '
making these babbitt linings is thus described:

It was ob firgt our practice to bore and ream the
BLabbitt lining to an exact fit on the taper. Bxperiance
das, howaver, demonstrated that better resnlts are ob.
tained Ly retaining the natural skin or surface of the
‘Labbitt metal, which is found to have better anti-friction
and wearing qualities than tho softer metal beneath, But
a lining of Dbabbitt, which is simply poured around o
mandrol, owing to shrinkage, may become loose in the
box, and from the same canse may fail to show a fair
bearing surface,  To insure o hard, solid, and perfoctly
true hearing, the motal is poured around o mandrel,
which is a little smaller than the shaft, When soet, o
taper ateel mandrel, whieh is ground exactly true to the
{ull size, is foreed into the bearing up to a shoulder by a
hydraulic press, which yields a not pressure of about 156
tons to cvery aquare tnoh of the surfaee of the babbitt, The
shell being held in by o massive ehueking ring, the metal
is thus oxpanded into it with enormous forece. Nothing
can oxcoold the beauty and absolute truth of n bearing
surface o obiained, and we feol justified in regavding it
a mechanical process of groat elogance,

The slide-bearings, forming the cross-head
ways, depend in form upon the type of cross
head., Torvertical cross-heads, commonly used
with girder-frames, and of a height permitting
the oscillation of the connecting-rod between the
webs which support their ways, the bearings are
sometimes bored outy, but are more often flab
slides, or slides converging at an obtuse angle
for purposes of lnbrication. Iflat slides, with
proper channels, seem to furnish every reguisite
for good Iubrication and enduring service, Ro-
placeable steel strips are sometimes used, but
lard, fine-grained east-iron is very durable, and
can hardly be bettered Dy steel. Frames are
sometimes cast of iron which is very strong but
porous, so that the guides planed in the metal
show a surface which wears out cross-head shoes
very rapidly, In such a case strips of steel or
of smooth cast-ivon are almost necessary.

Tor high-speed engines the locomotive type
of eross-head, with its flat bar guides, is com-
monly employed, and in point of durability noth-
ing more could be desired.

T he power-train—The moving parts, throngh
which the pressure and work of steam ig trans.
mitted to the main shaft, may be defined as the
power-train, comprising in most steam-engines :
approved by large usage several standard parts: the piston with its rod, the cross-head, the connecting-rod, and
the cranlk.

In pistons the tendency seems to be in the direction of liberal depth and simplicity in packing. Long-stroke
engines commonly employ some form of jointed segmental rings pressed out by springs, of which there are a
number of approved types, the Babbitt and Harris packing being large’y used. With the high-speed engines,
small snap-rings are almost universally used, as in the Porter-Allen, the Straight-Line, the Westinghouse, the
Armington and Sims, the Ball, and other engines. In the Westinghouse cugine, as is usual in trunk-engines, the
Diston, serving also as a cross-head, is made of extra depth, to provide sufficient bearing-surface. In the pistons of
long-stroke engines followers are used, but the high-speed engines have usually pistons that are solid or cored out
hollow and plugged after removal of the core.

“HXIONT HNTT-LHSTVIIS— Cf DI
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The standard method of securing piston-rods in the pistons is by means of a taper fit, terminated with a screw
and nut. In some engines the rod is screwed and shrunk into the piston,

In considering the cross-head we are first bronght to the question of equalization of effort upoun the crank-pin
by giving weight to the reciprocating parts, clneﬂy the cross-bead and the piston. Two entirely different principles
of design prevail, of which, in this respect, the Porter-
Allen engine aud the Straight-Line engine may be
considered representative types. Referring to the
Porter-Allen engine, we quote: ¢ No amount of testi-

of stationary steam-engines in England, after he had
come every day for a fortnight and watehed one of
these engines in the Paris exposition of 1867 running
with 24-ineh stroke at 200 revolutions per minute—
‘1o amount of testimony would have made me believe

- that a steam-engine could be made to ran at that speed
with sauch absolute smoothness”. ¢The secret of it ?,
adds Mr. Porter, “was the inertia of the reciprocating
parts between the steam aund the erank?,

This is explained as follows: At the beginning
of the stroke of an engine there is full pressure of
steam on the piston. This pressure has to meet the
continuous resistance of the work upon the engine.

It has also to overcome the inertia of thoe reciprocating
parts, which must be brought from rest to the speed
of the erank-pin between the beginning and the mid-
dle of the stroke. When mid-stroke is reached, the
steam having been cut off, the pressure of steam in
the cylinder has fallen by expansion, and as this press-
ure continues to decrease, the reciprocating parts, in
slowing from the speed of the crank-pin to no speed at:
the other dead-eenter, by their inertia exert a pressure
which helps the decreased steam pressure. DBy mak-
ing thereciprocating parts of such a weight that their
initial acceleration requires a pressure about half that
of the initial steam pressure, the effort at the cranlk
is made nearly uniform throughout the stroke.

Thefacts of the action of inertin are unquestioned,
but the desirability of produeing a vniform effort upon
the crank-pin throughout the stroke does not meet
with universal coneurrence. Engines which are con-
strueted with the reciprocating parts as light as con-
sistent with durability and strength are ran with great-
smoothness at -high speeds, and not a few builders,
even some who mention thevirtue of a *reciprocating
fly-wheel” in their advertisements, in design take a-
middle ground, giving the parts a weight with which
the uniformity of effort obtainable is only partially
realized. The beneficial effect of inertin in the recip-
rocating parts in the earlier part of the stroke is sup-
plemented in the latter part by asunirable compression,
which cushions the effort upon the eranlk-pin down to:
little or nothing asit approaches its dead center., The-
maximunm effort upon the erank-pin may be mueh ro-
duced by properly loading the reciprocating parvts.

F1¢. 26.—CoMMER ENGINE.

1

The practical ontcome of the advantages deseribed may be overrated, for, on the other hand, we have light.
parts working with less friction. The variations in successively reversed impulses have less to do with smooth
running than the fact of high rotative speed itself, which not only greatly increases the regulating power of the
fly-wheel, but secures uuiformity, by substitnting for a few long and heavy impulses, in the same time, a great:
number of short and light impulses. As this subdivision increases, the character of the strokes in respect to the
gmdna,tlous of eifort during their brief continuance becomes of less and less moment.

mony ¥, said Mr. John Hick, theu the leading builder

R
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Cross-heads ave chiefly of three types: the vertical, having bearing-surfaces above and below a eontral eyo;
the slipper, having a bearing-surface below the eye of the eross-head pinj and the horizontal or locometive type,
having double bearings on either sidle, with the eye of the cross-head pin in the middle. Fhose most commonly in

ra, 27.—Barn ENGINg,

-uso are the vertical cross-heads for girder-beds and the locomotive type of eross-head for Porter beds. The vertical
cross-heads are either turned or planed, and arve usually provided with means of adjustment by serews and set-nuts,

or by wedgoes with screws and set-nuts, The wear ig very slow,

In the Ide engine the only compensation thought necessary may.

be obtained by laying a thin strip of paper or metal between the
body of the cross-head and the lower shoe.

Equilibriam valves of the rectangular piston type will wear
more or less variably from steam flow or other causes, but cast-
iron cross-heads of the locomotive type, with large bearing-surfaces
and kept clean (though similar in form), are said never to wear,
Thig may not be absolute, but there are engines which have been
running for a quarter of a century which are declared to have had
no adjustment of snch wearing-surfaces. An engine with running-
gear of the type shown in Fig. 17 has been in active service over
16 years with “no wear at all 7, that is, no appreciable wear, upon
the sliding surfaces, and the eross-head travel at high speed has
covered a prodigious distance in this time. In the Iorter-Allen
and other engines using this type of cross-head it is not thought

*necessary to provide any adjustment for wear.

The lubrication of cross-heads is accomplished by the use of
oil-cups upon the upper guides, with ways for carrying the Inbri-
cant from the upper to the lower sliding surfaces and distributing
it upon both. The oiling of the pin may be accomplished in the
same way, or a separate oil-cup may be used, reciprocating with
the cross-head or mounted upon the head of the connecting-rod.
Continuous oiling from a stationary cup is secured by the use of
wipers, which pass a drop of lubricant at every stroke.

The standard method of securing the piston-rod in the cross.
head is by means of a key, but a serew with set-nut is not unfre-

. ; LrARALEY.
T'ig. 28.—WESTINGIIOUSE ENGINE.

quently used, and the Buckeye and Straight-Line engines have pecnliar methods of securing the 1:0(1. In the
Buckeye the crogs-head (of the vertical type) is in halves, which are pinched upon the thread of the piston-rod by
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bolts. The construction is neat and safe, hiding the thread, and requiring no set-nut. In the Straight-Line engine
two sides of the rod and two sides of the nut in the cross-head are slabbed off, so that a quarter turn will releage
the rod after removing two clamp-bolts, which pass close to its flattened sides and hold it securely in place,

The cross-head pinis generally placed in the eenter of the length of the eross-head, to avoid any tendeney to
spring the piston-rod, The pin is commonly fixed in the cross-head and is a center-pin, upon which the end bearing
of the connecting-rod turns. The Straight-Line engine is peculiar in having the pin-bearings with adjustabls boxes
in the cross-head, the pin being fixed in the end of the rod, and a modified design dispenses with these boxes by
making the adjustment in the pin itself, in which the bearing sides may be spread apart by taper wedges operated
Dby bolts. Cross-head pins are sometimes turned solid, but are more often of steel let into the cast-iron head and
secured by bolts. They are flatted top and bottom, the wear coming upoun the sides. The Ide engine is exceptional
in using a round pin, which may be turned to equalize wear. This is secured by a split taper sleeve and screw and
nut on one side drawing up against a taper of the pin in the opposite cheek of the cross-head. ‘

The standard form of connecting-rod end is that in which brass boxes are secured by a steel strap with gib
and key and set-serew. In other types the stress is taken by bolts with a key for adjusting the boxes. A typein

!

Fra. 20, —WustiNGHoUsE ENGINE, SBECTION THROUGH CYLINDERS.

W e TR

gro?ving favor is styled the *solid end” rod, in which no strap is used, the brass boxes being let into an opening
in the lhead of the rod, with adjustment by broad flat wedges lield in position by screws or by through-bolts. »

The greater v1br'1t1on at the crank end of the rod increases any liability to loosen a key at that end. We
therefore often find the usual str ap, gib, and key at the cross-head end, while at the crank end the solid type with
wedge is used, or the marine type, in which a bearing-cap is bolted down over the half boxes of the pin endwise.

Where keys or wedges are used at either end of the connecting-vod they are so placed that the wear of boxes
at one end will compensate for that at the other and preserve the length of connection nearly unchanged. Single
. action, asin the case of the Westinghouse engine, avoids the reversal of stresses. This requires ordinary connecting-
rods to be carefully keyed up, licating resulting if the boxes are set too tightly and pounding if they are left at
all loose.

The connecting-rods of American engines are usually of liberal length, being commonly more than five and
- often six or more cranks long, so that the stresses upon the gnides are reduced. The ratio of counecting-rod to
crank does not average as high in foreign engines. In the Westinghouse engine andther advantage of single
- action is realized in offsetting the shaft from the center line of c¢ylinder, so that the angular vibration of the rod is
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greatly reduced while under stress from the steam pressure, which acts only on one side.  This is tantamount to
using a connecting-rod about ten cranks long without taking up the space which would be occupied by such a
connection. ‘

In large stationary engines a usunl method of proportioning the crank-shaft bearings is to make them of a
diameter equal to half the diameter ot the eylinder and of a length ¢qual to the diameter of the eylinder. Increased
stiffness is commonly secured by giving the shaft a greater diameter between bearings. As engines are speeded
higher the overhang of the crank-arm and pin become proportions which it is desirable to reduee as far ag possible.
The crank-pin may be made larger and shorter, and the crank itself may spread into a counterbalanced disls, as in
the Porter-Allen engine, The plain disk-crank is used in many engines, especially in plain slide-valve engines
running at high speeds, but in the antomatic engines of low rotutive speed the ordinary single crank is used, Tor -
high speeds there is only one step beyond the disk, and that is the double’crank or the double disk. This we see
in one form of the Armington and Sims engine, and it is akso '
feature of the Straight-Line engine, in which the eranks are made
to play the part of fly-wheels,

Crank-pins are variously sceured: by bolting, shrinking, or
riveting, and cranks are commonly keyed upon their shafts, An
ingenious method of centrifugal oiling was first introduced ag a
feature of the Buckeye engine. A hole is drilled lengthwise of the
crank-pin and a smaller one radially outwards to the bearing. A
tube extends from the former hole to the center of rotation, and oil
delivered into a stationary hall at the end of the tube is earried by
centrifugal force to the erank-pin bearing, Tu the Straight-Line
engine a centrifugal feed is also used, the oil being delivered into
an annular recess in the cranle-linb, from which it is carried to the
pin.  In the Porter-Allen engine stationary lubricators are used,
all moving parts being lubricated by wipers without the use of
wicks, Reference has already heen made to the inclosure of work-
ing parts in a lubricating-reservoir as employed in the Westing-
house engine.

In packing piston-rods and valve-stems there is substantially
no variation in the usage of fexible packing material set up by
elands except in the case of the Straight-Lineengine, in which the
piston-rod is ground and works through o reamed hole in a very
long bushing of compressed babbitt “without contach and steam-
tight”, The bushing is spring supported and fres to move, and the
ralve-stem i also ground and works in o long babbitt bushing, the
aim of the designer being to produce an engine which shoukd re-
guire no packing.

Tvidence of design—TBefore leaving the consideration of engine
details, whicli might Lo dwelt upon at much greater length, it is § Fe
worthy of remark that the novel features introduced in American | !
practice are more than simply ingeuious. They show a distinct BRI f I [.!
avoidance of complexity and a careful adaptation of the means to  ¥ig. 30 —WrsTINGHOUSE ENGINL, SECTION THROVGIL
the end. The most radical departures from previous practice are VaLvE-Crus,
found to be based on the conelusions developed from the study of seientific principles, and they have been pushed
to suceess in opposition to a great deal of prejudice based on the pre-existing condition of things. '

Much thought Las been devoted to the design of engines which will lessen the necessity for gkillful eare and
with features which will not permit of tampering. One builder elaims his engine as “remarkable for what the
engineer cannot do to it”. Another gnards against the mischief to which such machinery is liable from “the
indiscriminate use of the monkey-wrench”, Anather casts upon his valves the warning words: “Let me alone.”

'f\’-"ﬁ‘_’iﬁ

“One builds an engine which requires no packing, and another, one which requires 1o keying-up, and not a few

provide methods of continuous lubrication. Yet with all these precautions intelligence in the management of
engines remains so important a factor, that the lack of it causes vastly more loss of power than the inherent defects
of engines. ;

Tlconomy in the use of steam.—There ate some usages in the employment of steam for power which if inte.lligentl %
applied would result in an emormons aggregate saving. While the marketing of engines of various designs has

~been actively furthered, the application of methods of economy, more or less available with all designs of engines,

has not received due attention. These are chiefly superheating, steam-jacketing, tho use of condensers, and
compounding.
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Steam-jacketing “increases the economy of an engine by supplying snch an amount of heat to the interior
walls as to prevent the condensation npon them of the entering steam,and although the amount of steam condensed
in the jacket is very great, it is far less than that which it prevents, The best experiments show a saving of from
8 to 10 per cent., with well-loaded engines, and 15 per cent. or more with engines having @ light load and excessive
expansion”. (H. A. Hill.) : ‘

FiG. 31.—Coarouxp CoxnLiss ENGINE (MILWAUKEE, WISCONSIN).

T o e

Steam-jacketing is a less radical and less effective means ot preventing eylinder condensation than superheating
the steam. To the praetical value of superheating and its proper application Mr. Charles T. Porter has given
particular attention, and Mr. J. C. Hoadley has invented a form of boiler which affords a safe and reliable means
of obtaining the moderate degree of snperbeat which is beneficial. Excessive and uncontrolled superheating will
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<destroy packing and ruin an engine, but in {he Hoadley device the degree of superheat is tempered and limited.
It gives a temperature of 371 degrees to steam of 90 pounds Dressure, which satnrated has o temperature of 331
degrees. :
Compounding, or the employment of more than one cylinder in whicl to utilize thie ¢xpansion of steam, has'a
decided value. It lessens internal condensation by limiting the changes of temperature in any one cylinder. It

T-ORTTIOY AAVAH~28 ‘OILT
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also permits the use of such a ratio of expansion as will not render the clearance space &0 great relatively to the
full admigsion as to cause a loss which cannot be easily remedied by compression. The transfer of steam from a
smaller to alarger cylinder in the course of expansion involves aloss, Mr. Porter says: ¢There being no boiler
to furnish an unlimited supply (note—as in ordinary high-pressure cylinders), but the supply being only the

n
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quantity discharged from the first cylinder, this loss from the condensation of the entering steam stands revealed.
This fall of pressure is hardly ever less than eight pounds. I have known it to be as much as twenty-five pounds,
representing & corresponding loss of heat”. The remedy for this loss is found in the use of an intermediate receiver
in which the water of condensation is drained off while the remaining steam is heated by a jacket.

In Fig. 31 is shown Mr. BEdwin Reynolds’s arrangement for compounding Corliss-engine cylinders, as built by
B. P. Allis & Co. Here the eylinders are placed in ¢tandem?” order, instead of being side by side with separate
crank connections, as in the case of the Porter engines, to which the above-described steam-jacketed receiver is
applied.

Respecting the Allis engines it is said:

Repeated trials and tests have shown thatwith a compound condensing-engine properly proportioned to the load and steam-pressure
a saving of 40 per cent, can Do effected over a non-condensing-engino and 15 per cent. over a condensing-engine in the steam and fuel
used to do a certain work., Tho steam is first admitted to the high-pressure eylinder, where it is expanded down to within 4 to 6 pounds
of the atmosphero; it is then released into the reeeiver; from the receiver it passes to the low-pressure cylinder, where it is expanded a
second time to about 9 pounds below the atmosphere, when it is released to pass to the condenser, thus forming a nearly continuous line
of expansion from the boiler pressure down to 9 pounds below the atmasphere,

The gain obtainable by condensing may be reached without so great an outlay for machinery as is required
for compounding., The air-punps necessary are sometimes operated by connection with the cross-liead or the main
shaft of the engine. With the Porter-Allen engine the air-pump is driven by a belt through gearing, and in
mid-summer, with the warmest injections, the power required to drive it does not exceed 1 per cent. of the power
of the engine. Indepeudent condensing apparatus with air-pumps operated by direct-acting steam-engines are
considerably used, the Worthington, the Deane, the Knowles, and the Blake being familiar types. These employ
jet-condensers, requiring under ordinary temperatures a weight of water 20 to 25 times the weight of steam
condensed. The recent invention of a surface-condenser (I'. M. Wheeler’s), in which the difficulty of leakage of
tubes is obviated, promises to be of advantage under some circumstances. The gain of power from condensing
alone may be reckoned at from 20 to 50 per cent. Yet an engine running under a light load and with high boiler
pressure may derive little or no benefit from a condenser, which would only serve to give it an earlier cut-off with
a very serious inerease of internal condensation.

The following account of trials of an autowatic engine in a flouring-mill (Gibsou & Co., Indianapolis, Indiana),
made by John W. Hill, M. E,, 1877, and published in Van Nostrand’s Magazine, affords an interesting comparison
of the performance of an engine condensing and non-condensing upon neatrly the same work:

Twelve run of 48-inch hubrs do thoe grinding ; these are driven by Lelts, the line-shaft being coupled to end of engine-shaft, and
revolving at same speed; the balance of machinery, cleaners, rolls, elsvators, conveyers, bolts, purifiers, and packers, are all adapted
to maximum capacity of grinding machinery. .

The engine is a Harris-Corliss single cylinder, 18 Ly 42 inches, speeded at 75 rovolutions, with a 12,000-pound fly-wheeal, 16 feot
diameter.

The boeilers were opened and cleared of seale and sediment previous to trials,

The coal fired is known as ITighland (Claysconnty), a species of the celobrated Indiana block coal,

During both runs the mill was worked at maximum capacity, quality and condition of wheat considered. I may not be oub of
place to remark that in this mill the Messrs, Gibson made what is known as patent process flour; thus of the 12 run of buhrs, 7 run

- oporated on wheat, and 5 ran on middlings, Lran, and tailings. In making flour by this process it is enstomary to grind 7 to 8 hushels of
wheat per Tont per run of buhrs (48-inch); during the trials 7.5 to 8 hushels of wheat were ground per hour per run (wheat stoues).

The record of worlt in the mill was based on the barrels of Jour packed; this being regarded as an approximate index of the amount
of work done by balance of machinery ; the amount of work done by storage elevator was greatest during non-condensing run,

Honrly reports of condition of machinery in the mill were made by the chief miller, and entered in the writer's notes. The following
table exhibits the amonnut of machinery driven and disposition dnring each run:

TRIAL CONbENSING. TRIAL NON-CONDENSING.

Started 7.30 a. m., August 22, Started 8.15 a. m., Aungust 24,
7 run on wheat ; 8 ron on middlings ; 2 run on red dog. 7 run on wheat ; 3run on middlings; 2 ran on bran,

Cleaner, Cleaner,

Rolls (2). Rolls (2).

Bolts (all). ‘ Bolts (all),

Purifiers (5). . Purifiers (5).

Elevators and conveyers (all). Elevatora and conveyers (all).

Packer (1). Packer (1).

At 9,16 a.m,, lightered 3 run on middlings.
At 10,15 8. m., changed 2 run trom red dog.

At 10.30 a.m,, storage elevator on (to) bran, -

At 10.30 a.m., lightered 2 run on bran,
At'1 p. m,,storage elevator off.
Stopped 3.30 p. m.

RemaRrks.~—Starting and stopping in above table merely denotes the time run was held to commence and end.. The engine an3

machinery ran without interruption,

Storage elevator.

At 8.30 a m., changed 2 run from bran to red dog.
At 9.55 a, m., changed 2 run from red dog to bran,
Storage elevator irregular.

Stopped 4.15 p.m,
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STATISTICS OF THE MANUFACTURE.

Performance of engine.

Condens- | Non.con- Condens. | Non-con-
ing, densing. ing. densing.
Duration of run.. .. ...hours.. 8§ 8 Extra friction horse-power due toload 4. 885 5,387
Pressure in the pipo........ ..poundls..| 58,50 76,87 || Wet eftcotive horse-power. oo veeiieeseas 02,831 | 102.385
Tomperature of injection .. L8O |..uiensans Par centum of indieated powor available 88, 014 £8. 084
Temperature of hot wolleaweeaeereninnan., 1200 L.iiennns Eeonamy.
Temporature of steam at terminal Pressure.cav.ciicaseauns 203010 foeeveinnn .
Barometer (8UMEN) e ueeennueaeeaarreniananssansanns inches..| 29,53 99,53 || et steam por honr £0 engio. v vmeniaiiinienns remenasnee 100108 ) 203114
VOCUUIN 111 CODNGTIECT +nnvsnmmnemsmems sommsn emesmmse s ns do. b snen o .. Net steam per hour per indleated horse-power.............. 18, 503 25,301
Revolutions 74, 768 73. €00 Net ateam per honr per indicated horse-powor by the dia- 10,58
O RTEIIIE rrrer s ema s sesen ha st sty e e - L 6. 687 21,983
];I“““‘“ speod 1 - it """" 1 """""""""""""""" § ')g' g}? m"; ;‘)22 Tor contum stenm acconntod for by inAIcatoT.eveeecanvnens 20,211 86,578
ArRE-POWOT A1te PISTON BPECL .« vvivaennvenrimnnnesnnmnaanan. , 054 HA
Qogt of the powes.
By the dagrams. Vther
. - R Coal por indieated horse-poswor per BOUT. ceaaeriviinnenaan, 4,085 5. 213
zmu"zfp"”“““:“ (‘;lm"“]“t'("nﬂpllmfgo') - ]’(‘) gi" Z: “’;; Conl per indioated horso-power per hour, evaporation 9 to1.| 2,078 2,833
ut-off in parts of stroke (stroke . L 637 B, 8 Relative efficieno .
) Y - e eevansnrtenn e abaaaranerns . 100.00 73. 30
Releaso in parts of strolke (strolke 100). 100, 000 00. 000 || 1 conomio gain by 1B OF FREWAM v 'eevresanenssunessnanes 36,41
Terminal pressuro {shsolute) . .vooeenns, 12,899 10, 581 * ) e
Connter-prossure (absolute) ab midstroko . ewsiarensians, 4, 004 10. 933 Cost of the flowr.
Bxbaust closure in parts of stroke....... wereasrannna s iranan 3.478 8,416 || Barrels ground and packed convevennen baumerenteusireatianns 89 93
Moan effecliive Presouro coevsuuseseieanscrrsroeacsnseassones 23, 028 20,471 || orse-power per barrel por howr,.ooveneien.. P N 9,480 0,947
Priction pressure (RISAMEL) caoeeerrcves e recasnsrrnns sanenn 1,002 1, 062 il Coal per barrel (newual) ... .oy Caetaduseadeunracissarsananas 88,93 51.76
The power Coal por barrel (ovaporation 0 to 1) serasnersensvenane 10,71 2811
. - e Relative officloney «oovvnuennes S 100,00 74. 820
;ndicntm;l L RIS TELTEPIPR 104, 4:_3 115, ‘1‘:". Leonomie gl DY 186 0F TRONMUN cvurreveveevarmennennes cone G128, S FR
Priction horge-power ... T.767 7. 685
Groas lond horse-power 07,716 107, 762

The following tables of engine performance are taken from o publication of the Buckeye Fngine company
g ) 1 ¥y

Salem, Olio,

They show for three points of cut-off under specified initial pressures the resulting mean effective

pressures for condensing and nou-condensing engines, the terminal pressures, and the steam or water consumption
with condenmn{: and non-condeusing antomatic- and throttling-engines. The steam consumption is given in
rates marked ¢ theoretical” are computed from indicator diagrams, thoso
marked “actual”, from experiment, in part, some of the fignres being obtained by plotting enrves throngh points

pounds per horse-power per hour. The

established by the known data:

CUT-OFF i 1 CUT-OFY . CUT-OFT {.
Mean effect- Il Mean offocts Mean offeots
ive pross- Rates, Lvo proag- Rates. ive pross. Tintes,
nres. . wres, ures,
Actual,  |[Theoretienl, Actunl,  |Theoretienl, Aotunl, [Lheorstical,
AEAEREIR IR IR R IR AR AR A IR AR AEAR AR RE R IR IR IR NEAE
SERE AR AR AR AR AL IR AR ER RE AR AR AR R INAE AR REAE AN AL RR AT
sl18|d|z2(8|2|8|ele|s|a|g|sS|&|s|ad]|w |8 |a|a|6|ma|8|8|A
9,05 10,05 | 0,07 5.0)]80.0{81.8]10.8] 04} 17.84 | 27.04 | 14,40 | 80,0 | 22, 0| 27.2 | 18.5 . 40 | 80.58 | 40.50 | 27.78 | 41,0 | 20.5 | 28,5 | 23.4 | 80 | 40
.82 o182 | 0.87 | 47.0 | 26,6 [27.7 {16.4| 56 || 20,80 | B0.30 [ 15,81 | 86,0 | 21,5 | 25,3 | 18.2 | 44 || 84,75 | 44,75 [ 80,33 | 30.0 | 28,8 | 27.6 | 221 | | 45
18,60 | 28,50 | 10,72 | 42,0 | 27,0 { 25.3 { 16.1 | GL || 2345 | 83,45 | 17,13 (88,5 | 21,0 | 24,0 | 17.0 | 42| 80,00 | 40.00 | 0288 | 87.0 | 28.8.1 2G.0 228 87| 00
16,80 | 25,86 | 11,55 | 98,0 | 26.0 | 23,4 | 15.8 | 47 || 26,50 | 80,50 | 18,45 | 8L 2 | 20,5 | 22.9 | 17,0 | 40 || 43,25 | 53,25 | 05,43 | 45,5 | 2.0 | 26.3 1 225 | 36 55
18,12 [ 98.12 | 12.08 | 84,5 | 25.0 | 221 | 15.6 | 48 |l 20.66 | 80,50 | 10,77 [ 20.0 [ 20.0 | 22,0 | 17.4 | 90 || 47,50 | 57.50 | 87.08 | 84,0 | 27.56 | 26,8 [ 22,21 35 60
20.30 | 30.80 | 13.20 | 92,0 [ 240 | 2l.1 | 15,4 | 40| 02,61 |42.61 {2100 27.0 | 10,5 | 21,8 | 17.2 | 88 | 6L75 | 0175 [ 40.62 | 82.5 | 271|258 ) 22.0 | 34 65
22,66 | 92,60 | 14.03 | 50,0 | 23,0 | 20.8 | 15,2 38 || 86.67 | 45.67 | 02.41 | 26.4 | 10,0 | 20.8 [ 17.0 | 87 || 66,00 | 66,00 | 48.07 | L0 | 26.7 | 24,0 | 2L.8 | 83 70
24,02 1 34,02 | 14,86 | 28,0 [ 22,2 | 19.5 | 15,0 ] 80 || 88.72 | 48,72 | 23.70 | 25.8 | 18.5 | 20.4 | 16.8{ 86| 00.25 | 70,25 | 45,01 | 80.0'| 26.3 | 2.5 | A6 | B2 75
27,10 | 97.19 | 15.60 | 26.0 { 2.3 | 18,8 [ 14.8 | 85 [l 4L.78 | 51,78 | 25,05 | 24.0 [ 18.0 | 20.0 | 26.6 | 85 || 6450 | 74.50 | 48.168 | 20.0 | 26.8 | 24.2 | L5 | 3L 80
20,46 | 80.46 | 16.51 | 24,5 | 20.4 | 18,4 | 1.6 | B84 || 44,83 | 54.88 [ 26,87 [ 23,0 | 17,7 { 10.6 | 16,6 | 84 |[ 08.75 | 78,75 | 60.70 | 28.0 | 25.4 | 23,9 a%] s0| e
8178 | 472 [ 17.54 | 2201 10,5 | 18,0 | 14.5 | 88 [l 47.80 | 57.80 [27.60 | 22,0 | 17.4 | 10.8 | 16,4 | 83 || 78.00 | 83,00 | 63.25 | 27.0 | 24,8 | 23.7 | 21,3 | 80 o0
83,03 { 43.03 | 18,17 [ 22,0 [ 187 | 17.6 | 14,4 | 82 [} 50,04 | 60,04 | 20,01 | 219 17.2 | 100 | 10,3 | 82 *77. 251 87.25 | 56,79 | 26,0 | 24.5 | 23.5 | 2.2 20 95
80,26 | 40.26 | 10.00 | 21,0 | 18,0 ] 17.3 | 14,8 | 82 || 50,04 | 64.00 | 80,83 | 20,4 | 17.0| 18.7] 16,2 | 81 8L 50| 01.50 | 68.34 | 25,0 | 24.0 | 233} 2L1 | 20| 100

The steam consumption for the throttling-engines is when running with the same boﬂer and mean

the non- condensmg engines of the same lines.

pressnres a8



60 , MANUFACTURE OF ENGINES AND BOILERS.

SIZES OF ENGINES USED IN VARIOUS MANUFACTURES,

The following figures show the average sizes of engines used in the specified industries in 1870, and are of
value in indieating the sizes and powers used in these various industries, and the relative cost of power entering
into the varions produets, The total power (water and steam) iu respect to the value of product is shown by taking
the total horse-power per hour by the number of hours for 300 days, divided by the value of the product in dollars,
The average number of operatives per establishment is also stated:

! = | = B -~ I
s |2 |g 8 1% |8 5 1% |8
o 4 o 153 o ) = 3] A
A B @ = oL ow & E.[&
B 3|5, T olE3 | B o |33 |8
g, 125 L8 ECERRY: 2 1%y |8t
By | T8, &'8 o | T S8 BE YR QE
Industry, g | & 43 & @\ Industry., g g ?‘Lﬁ 3 “ Industry. g g 8 E‘g
eR| D8 |23 g5l o8 |83 gB| B2 |52
N S ] 3 5% | 28 N 58 | 83
@ pE|RB BE | RY A | ER1AE
© R % @ el e ® efl o
&L Q8| e 2 R & 24 | &
g 12 g £ 8 i g g | B
] 4 g @ £ 3 [ 2 3
=4 3 54 3 3 B b 3 >
-4 H |4 - b - « =] <
PAZITOM ceeeeevaeeennrmneas reree 115 2,75 ] 71 || Blenched and dye 2008 .eerrrann. 491099 17 o |2es| 2
Cotton goods (see prints) ...... T.p 111 2.48 16 || Printed papor ccveeecnuenns J4087 2060 35 a8 11,00 13
Forged iron ,.eeeenus 104 | 2,22 | 121§ Woolen goods. ccvevancrioaniananns a7 | 109 40 || Ship-building o8 | 0.57 15
Nallg.weeeaeannsonas veen 106 {1, 60 B4 || Railvoad machinery.....cuaeivanes 86 | 0.05 | 133 || Sash, doors, and blinds .caene..., 97 | 985 12
Tudia rubber....... 00| .20 ] 108 || Tats ond ¢aps ceceennannin,. 330,28 93 1} FoSIory.ueeeaaeacainsnaes 97 | 0.03 00
Sugar, refined cano 81 [ 0.26 78 || Drugs and chomicals ....... 82 | 0,03 16 | Soap and candles ... 25 | 0.52 7
Copper, milled and smelted . ...... 75| 0.84 40 || Sugar, YAW 6ans .eveaaeeren J 81]5.20 20 (| Agricultural imploments ... PPN R I W) 19
{075 1101 R P 67 | 0.51 56 il Flour nud guist .aevvoiuannn . 8L]83.88 2 || Cotton and wool machinery....... 93 | 18 26
Lead and zine paing .. .covvaniiiin, 61 1.42 26 || Digtilled iquors .....ocvina -l 8L]L13 T[] Hardware .oovveeeeaniceasene Jo@nm 24
Cotton and woolen prints ....... 55| 0.54 | 212 || Planed lnmber.... 4 80208 12 || Stoves and onstings... aer 28 | 0.7 30
MiNBd qUATtZ. caveece wmrereronannn 47 1 2,00 10 || SEONe WOk ceevivnaieionniaasonaan 30 | 0.70 14 || Cooperaga .veu.. [ N 23 [ 0.70 5
Worsted goods....vaunnn weedl 471100 227 | Tead pipo..... D P LLLLTREPIPPOTY 800,10 9 || Engines and boilers ..cooveveen... 21| 0,88 HE
Bowing.machinesg.c.ovoiiiivanns. 461 0.80 1 248 || Sawed Inmbier cccivvniinrmenrnnass] 281817 8 [l Conleoil cunnennnen veenvraninnnty ool 211 0.47 1
Rallrond ¢ars..covveeivnnnnenaneen, 42 10,50 04 .

In cases in which the material used is already a manufactured product the value of power in the whols
manufacture is not indieated, but only that in the portion of the manufacture covered,

Cost of & horse-power.—The cost of a steam horse-power, like any other industrial value, varies considerably
in different sections, as governed by the cost of transportation of fuel; at different times, as goverued Ly the
fluctuations of market values, and in respect to usage, as governed by the use of large or small, cfficient or
inefficient steam machinery. .A fraction of the cost is always due to interest on investment, which may be assessed
in various ways aud with various allowances for the decadence of machinery.

In many classes of manufacture the employment of exhaust steam in sundry processes takes up the waste -
product of the boilers, so that economy of performance of the engines hecomes of minor consequence. This
is ‘true of bleacheries, wool and straw-hat factories, dye-shops, tauneries, woolen mills, and other establishments
using exhaust steam in the manufacturing processes. Tor example, at the Pontoosuc Woolen Mill, Pittsfield,
Massachusetts, it is considered that, a large amount of steam Deing requirved in the dye-bouse in any event, they
ean get 100 horse-power for the mill by an additional use of coal to the ameunt of six-tenths of a pound per horse-
power per hour, Xn northern factories, in which exhaust steam is used for heating, the exhaust of the engines does
not usually furnish enough for the coldest weather, and live steam has to Le nsed in part, so that the economy of
the engine is lost in other requirements.

Of the cost of power in 1830 a few examples are given based on data as stated by various manufacturers
interested. "

In a factory in Worcester, Massachusetts, for a 60 horse- -power engine the fuel used was mine pea, 270 tons, ab
$5 50==$1,485; the fireman and engineer was paid $500 salary; the cost of engines and boilers was $6,500, and the
cost of investment and repairs was rated at 10 per cent. The cost of a horse-power per day was thus about 143 cents,

In two factories at Hartford, Connecticut, the elements of cost per horse-power per day of ten hours were
found to he—

#®

Interest on boilers and engines ........ < $0 02 | $0 02
Cost of attendance Sims . 04 02
Cost of f16l evennvaronnsn emmsseesiiearsanianes 10 114

1410 7| VPP 16 1
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STATISTIOS OF THE MANUFACTURE. 6l

For afactory at Stamford the cost was, mvestment, 1 cent; attendance, 14 cents; fuel, 9% cents; total, 12 cents,
and for another factory of similar power the cost was, investment, 14 cents; attendance, 2§ cents; fuel, 7 cents;
total, 11 cents. Such examples might be indefinitely multiplied, and with a market of fluctuating prices not a
little depends upon the date at which the coal supply is obtained. In the west the cost of fuel is usually less, but

. as interest runs high, and the cost of machinery is often higher than in the east, the cost of steam-power does not

appear very much reduced. An extreme case is that of an edge-tool factory close to a coal mine in a town in
Pennsylvania. Here the fuel may be had for the taking, but the cost of investment is greater, as appears from the
following cstimate:

Interest on boilers and eDEINEE .« qume il it ittt tasats cmnnae camanranan aaassennntsnacagoanmas sanman $0 03
Cost 0f RLEENANNED « .t ot e e e it rt teiaa siune s cere ot nmeean e ws s ies cmes cniemy cmam e aenn neaman e 03
Repairs and contingeneies...... e s e mm tmamet smmnn wme e ke mAma e Aveeae amen A femmmmeannn v 03
Cont of fuel (Suply earbing) - oo crarne i i ittt e ce e et aiea i aren mracaar. m——n e 014
Y O 104

The fuel was culm or duff—fine and dust coal which is sometimes burned like pine slabs to get its bulk out of
the way. The steam machinery was inferior but costly, It is seen to have cost in two ways, in the first instance
and for repairs,

Throttle-valve engines are commonly used in the west and south. For lumber-working, where the furnaces
burn waste wood, and for cotton-secd-oil mills, in whieh the waste product serves as fuel, they are especially
adapted. In every scction the m'muhwturu', as is reasonable, tries to diminish the greatest element of cost, and
alike consults his financial interests in getting a high-cost automatic engine in one case or a low-cost throttle-valve
engine in the other.

Automatie engines first introduced as a superior product, covered by patum claims, of costly designs and with
costly attachments, have heretofore been rated at much higher values for the power obtained than the plaiu slide-
valve engines, The automatie engines of the drop cut-off type also ran at lower rotative speeds than the plain slide- .
valve engines, and with large ratios of expansion,required much larger eylinders for the same power. Uponthe lapse
of patent claims, and with the introduetion of high speeds and positive-motion antomatic engines of simpler designs,
there is no question but that ‘the sphere of this type of engine will be vastly enlarged, and that there will be a
much greater saving in the aggregate cost of steam-power in the United States than we have already wmleased
from this improvement of engines.

Portable engines—In themselves portable and semi-portable engines, being usually of the plain slide- and
throttle-valve typegpresent few features deserving of especial remark, The boilers used are of the locomotive and
vertical tubular types in most cases. Sometimes hovizontal return-flue or tubular boilers are used. For farm
engines locomotive boilers are most common, the engine sometimes being placed on top and sometimes for easier
access being bracketed to one side of the Doiler, but whether the boiler used be horizontal or vertical the engine
is almost invariably so placed that the main shaft shall be farthest removed from the fire-box of the boiler,

Boilers.—In the use of boilers, as of engines, we find similar degrees of economy attained by means of designg
which exhibit great differences. In engines these differences are mainly confined to the details of governing
mechanism, bat in boilers they relate mainly to proportions, the efficiency of which varies greatly with the conditions
of use, and as these conditions can not be known nor defined within a wide range, either by the builder or the user
of the boiler, we find an innumerable variety of proportions, This variety is due in great measure to the methods
of manufacture, which do not necessarily nor as an economic feature require uniformity of designs and patterns.

At the same time it can not Le said that a greater uniformity is not desirable, and for the following reasons;
In the first p]ace, in the work of manufacture, uniformity of proportion malkes more of what may bo called “straight
work”, that is, work which is done over and over again until the boiler-maker is so habituated fo it that he can do it
just as it should be done every time. This is especially important in riveting, for with new forms of work continually
taxing the ingenuity of the boiler-maker, there is more liability to discrepancy and to improper nmkeshlfts, such
as the use of the drift-pin. In the second place, a uniform design will be a good and safe desigi in order to
commend itself to general use. 'While boiler explosions may not infrequently be due to sheer overtaxing of strength
on account of too high pressure or of the violenge of sudden fluctuations of pressure, they are in many cases caused
by faults either of material or workmanship. It is also beyond question that the starting of cracks and flaws is
often due to the treatment of the Dboiler by the steam user, to burning out from inerustations, to corrosion, and to
unequal expansion. It is desirable that a Dboiler shounld not be so stayed or jointed that in getting up steam the
parts shonld be strained Ly unegqual expansion, or at least any more than is unavoidable. Uniformity would secure
the best arrangement in this respect. In-the third place, a greater degree of uniformity would furnish better
facilities, for inspection. The inspection of a bailer of peculiar design is a work of difficulty as well as of
responsibility, and even after the boiler has been carefully examined, a conscientious inspector may not feel confident
that it contains no lurking defect; but with a boiler of standard proportmns, he can turn to the weakest points at

once and feel reasonab]y,conﬁdent that his work is thoroughly done.
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62 | MANUFACTURE OF ENGINES AND BOILERS.

Boilers of special design, such as the Lowe and the Babceoek and Wilecox boilers, are likely to be made with
greater uniformity of method as well as of product. The first Lowe boiler was put up in 1867 and has since had
no repairs,

The farm portable boiler may be considered more liable to explosion than any other type. Itis racked by
motion. It is handled by men who are not engineers. Unlike the boilers of large factories, it does not have skilled
care, nor is it so often guaranteed by local and insurance inspectors. TUnlike marine and river-boat boilers, it is
not subject to government inspection. And although these boilers are employed in large and increasing numbers,
of portable boilers of all kinds, including boilers for the engines of threshers, hoisters, pile-drivers, and cotton-
gins, there were reported only 13 explosions in 1880, out of a total of 170 explosions of all kinds of boilers. It is
probable that in future years the rough usage of this class of boilers will find its ontcoms in a larger percentage of
casnalties, but some parties who build them largely have never had a boiler of their manufacture burst. Tanner &
Co., of Richmond, Virginia, make this elaim, though of course boilers however well made can not resist every
exaction of time, corrosion, and ill nsage. But the point which I wish to make is that these portables are built in
lots and of uniform and simple designs without much flanging, thus securing more uniformly reliable workmanshiy,

In respect to unequal expansion, stays intended to strengthen a boiler have been so placed that they have
operated nunder unequal expansion with a thrast or leverage tending to produce straing and eracks, Ilere again
a uniform and approved practice would be a safeguard. ‘ '

In the east, the return tubular boiler is the prévailing type for manufacturing purposes, but locomotive five-
box boilers are often used. In the west, return tubular boilers are used, but the return flue-boiler is the more
common type, both of these types of boilers being fired externally, In some cases, notably in iron works, flue and
plain cylinder boilers of great length (sometimes 50 or G0 feet long) are used. These are hung in supports, and
the expansion of the top and bottom of the boilers being unequal, the central supports have in some cases been
‘broken down, causing disastrons explosions, which rend the Loilers asunder in the middle. Expansion is always
more troublesome for great lengths, Mhus, in laying steam-pipe, it is difficnlt to keep a long line of pipe steam-
tight without,some form of expansion joint. )

In the west we find in practice no dividing line between flue and tubular boilers, the usage passing {rom
cylindrical Doilers to large flue boilers, and thence to boilers with 10-inch, S-neh, G-inch, 4-inch, and 3-ineh flues
or tubes. The flue boilers do not give as large a Leating-surface as the tubular boﬂem. but by reason of Letter
circulation their heating-snrface may he more valuable for the same area, and they are more suitable ior ordinary
usage, impure wazer, and a low grade of fuel.,

Heating-surface differs greatly in quality in the different parts of a boiler, and it is possible, under some forms
of construction, that surfaces so estimated may actually become cooling-surfaces, or, at least, heating-surfaces
whose good effect is almost nullified. In the journal ¢ Locomotive” an ingenious, but simple, experiment is
mentioned, showing the relative values .of the heating-surfaces of tubes at different heights in the boiler. A small
white pine stick is set up against a row of tube-holes, and becomes charred in bands opposite each tube; but when
the stick is charred and burned throngh opposite the top tube it is scarcely scorched opposite the bottom tube,
while the intermediate tubes illustrate, by charring the stick, a regular gradation of heat from top to bottom. The
inference is that it is better to leave out the bottom return tubes, so as to give more water-volume for the direct heat
of the furnace and combustion-chamber to act upon, Neither iy it wise to impair the circulation by overcrowding
the boiler with tabes,

In respect to the rating of boilers by so-called nominal powers, estimated in square feet of heating-surface, it
may be said that such methods give a commercial name to an article, and that is all. The cfficiency of o boiler
once set may be altered. by a change of fuel or method of stoking, by a forced draft, or even by a high wind, but
we do not find boilers proportioned by any exact methods to meet particular requuemeuts, becanse such requlremt_nts
practically vary enough to upset the results of nice caleulations. Boiler management may be considerad to be yet
in its infancy, so far as exact quantities are concerned, but a system of stoking which will secure some degree of
uniformity, and a positive, quantitative, and mechanical regulation of the draft, ave the conditions of the best
results posgible. If the steaming capacity of a boiler is known in pounds water per hour evaporated from 2129,

“under the ordinary pressure of 70 pounds, the steaming capacity sufficient to develop a horse-power varies from 16
to 40 ‘or more pounds steam, according to the use and character of the engine. By forced draft, boilers may be
madeto make more steam, but not economicallyFunless the grate-surface be reduced. Air admitted above the
grate helps to complete the combustion of the gases and of the particles of carbon in suspension (smoke), but it
also dilutes the hot gases, and thus heat which would have gone into the steam may be carried out at the chimney.

Boilers for stationary and manufacturing purposes may be divided into two principal classes, viz, those with
external and those With internal furnaces. The former, comprising nearly all return tubular, flue, and cylindrical
boilers, are most generally used. They are obviounsly cherer to build and involve less iron work than a boiler
which containg the furnace within its shell. They are not always the most economical of fuel, but in employing
them users are supposed to consult the consgiderations of first cost and expense of fuel, as one would do in choosing
between an automatic cut-off and a slide-valve engine for a speecified service. Some heat is expended in warming
the exterior walls of masonry in external furnaces, but this loss is slight.
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Boilers with internal furnaces are very largely nsed in New England and the east, These are for the most
part of two types, locomotive-tubular and drop-return boilers. In these the furnage is within the water-space of
the boiler, and the products of combustion are conducted back by tubes or flues directly through the boiler, and
in the drop-return boilers find their way to the chimney through flues at a lower level leading toward the front end
of the boiler and thence to the chimney. A form of drop-return boiler, highly approved for economy of fuel and
largely used in New England, is the Lowe Dboiler. This has a combustion-chamber above-the furnace, which
communicates with it by two circular side passages. Thence the products of combustion pass through tubes to
the back of the Doiler and thence drop and pass under the boiler up by side flues and back over the top of the
boiler to the chimney. v

In some large factories the practice prevails of having ample boiler power or capacity and keeping each of .
tho boilers ¢“resting? some of the time under the idea that it conduces to their durability, However this may be,
the attempt to get o large amount of steam by nsing a small boiler is certainly conducive neither to the durability of
the hoiler nor to economy of fuel. The economical rate of combustion is limited to about three-tenths pound of coal
per hour per square foot of heating-surface. A first-rate boiler, evaporating 3 pounds of water per square foot of
heating-surface per hour, will evaporate about 94 pounds water per pound coal. If it evaporate only 2 pounds of
water per square foot of heating-surface per hour, it will evaporate from 9% to 10 pounds water per pound coal, and
if it evaporate only 1 pound of water per square foot of heating-surface per hour it may evaporate as much as 104
pounds water per pound coal, These figures ave for dry steam and ordinary conditions, viz, a.feed temperature of
600, steam pressure raised to 70 pounds per square inch, and coal used a good quality of anthracite containing about
90 per cent. combustible.  Tf the boiler “prime”, that is, cause water to pass off with the steam, a great weight of
water per pound coal nsed may be made to pass through it, butit will be a weight of water and not of steam, and
will be wasteful and injurious in its effeet upon the steam machinery in whick it is used. Thirteen pounds water
per pound combustible is usually stated as the best attainable result with the most favorable conditions likely to
be found outside of the laboratory., Very often not more than half this result is realized. In the direction of -
cconomy and durability there is no more notable movement than that of the introduction of feed water-heaters
and purifiers, the use of which, in a great variety of designs, is largely on the increase.

Water-tube boilers.—Various forms of seetional and water-tube boilers have been introduced, designed to secure
greater safety without sacrifico of economy. The most prominent among these is the Babceock and Wilcox boiler.
In this there aro a series of inclined water-tubes, sloping from the furnace front downward and backward, and
connected with g mud-drum at the back and a horizontal steam- and water-drum at both ends, this drum being
located above the tubes, The tubes are set “staggered” in end connections (in which they are fixed Dy an
expander), while opposite each tube is an opening, closed by a hand-hole, plate-jointed, and rendered steam-tight by
means of aceurate milled snrfaces, The boiler is largely used in the east, and is highly efficient. Thereis acontinuous
civenlation of water deseending from the upper dram thirongh the back connection and passing up toward the
furnace through the inelined tubes.  In durability, ease of cleaning, freedom from priming, and rapid steaming, its
good qualities have been demonstrated Ly some fifteen years of use. The space for combustion is ample, and the
Dboiler is so hung fron wrought-ivon girders, independent of the brick-work, that there can be no serious strains due

.to unequal expansion

. Nafety of boilers—Inspections—The following statistics are furnished through .the courtesy .of the? Ha}‘tforcl
Steam Doiler Inspection and Insurance company. This company was chartered in 1866 and 1ts~o}).]ect is 'not
insurance primarily, but safoty through inspection, {he insurance being a guarantee of the work of inspection.
For the entire Unitod States the following explosions were reported during the years 1879 and 1880:

Kind of works and service. " 1870, | 1880,
Sawing, planing, and wood-working mills..ooovvnereacinenrnenan e 41 47
Ttailroad locomotives and firo.engines. ereenerrernearnresaasanaann 16 18
Sienmbonts, tugs, drodgos, and dry-docks .- 13 15
Paper, flouring-, pulp-, and grist-mills and elovators ceeae essrasiiomiaaine wreannn 10 19
Tortables, lolstors, threshers, pile-drivers, and cotton-ging 9 13
Tron works, rolling-mills, furnaces, founderies, machine- and boiler-shops ... 10 13
Panneries, Lelt and leathor W(ﬁ"kﬂ, ghoe and hat factories ... 2
Cotton, ‘woolen, knitting, and other textile works 2
Distillories, breweries, malt- and sugar-honses, soap and chemical worka 10
Mines, ofl refinaries, and ofl Wells. covrersaconnsciumramsruerasremearanesnresarisers 8
Bleaching, digesting, dyeing, print-works, slanghbering, eto. .. cceveraenemansnaen 3 (
Steom heating and drying. dwellings, sehools, stores, and public brildings .. 2
AHscellanoons and mills not designubed.eee covorenmerasromnenssenrareenanresnennn 18
Total venvennee Learmnanemans TR eveenmecesieassemcssasesonsianens 132 170
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Between October 1, 18567, and: Jannary 1, 1830, records of 1,209 Doiler cxplosions in the United States wers
obtained at the office of the inspection company, these including nearly all, and all of the more serious explosions
in the country. They are classified as follows in respect to the character of service of boilers and the injury and
destruction of life resulting from the explosions:

Number 'Number Number

boilers 'SON8 | persons

explodod. k led. | injured.
Saw, planing, and wood-working mills. . c.ouveenrnnrimnnicneeaniieneanienns 281 497 576
Steamboats, tugs, yachts, and steam-DArges ...cvivariiiiimernniciiianeiens 186 050 816
Railroad locomotives .. B T T TP POT PR P rewrstsatiseenennanny 185 249 238
Tron works, furnaces, fonderies, and machine-BHOPS +ueevansenres 92 47 £
Paper-, flouring., and grist-mills, bleacheries, and print-works... . 02 86 129
Tortable, hoisting, threshing, and pile.deiving. ovevrenervnereaans veme 66 143 137
Cotton-, woolen., flax., and other fabric-miils.... 65 72 131
Mines, quarrics, oil-mills, and refineries ....c..... 44 3 76
Henting and domestio bollers....... S N weer 29 10 83
Chemieal, rendering, and slanghtering works ..... ' 27 43 82
Distillerles, broweries, and sugar 1oNOTIES ccvrrracieir i e raerrannareans 25 18 HEY
Miscellaineons (52 kinds 0f BOIVICO) wanevraarareecivrorersesennvenmiamncsaanas 217 201 93
] Total vemrevnenncranneonns O remmenariaeenes 1,200 2, 505 2,012

Up to the close of the year 1879 the company made (in a series of years) 92,850 thorough annual inspections,
in which 31,183 dangerous defects were discovered, begide a much greater number of minor defects. But confining
ourselves to such defects as were csteemed to mvolve peril to life and property, they were by number and kind
as follows:

Fractures «...ceeemnen. veraarvinersancnnennenne 0,070 I Safoty-valve overloaded.. ...... Nmetan e e, 1,308
Cases of deposit of sediment...... Ceerianem . .« 3,230 || Coses of internnl GOITOBION. nuers ceesverenevens 1,124
Blistored plates......... enr e inann samme e 3,032 || Water-gauges out of order. ........ I T Ut
Burned plates -...oteeeeeneiineniiiaiiinn e, 2,845 || Purnaces oub of shape............. B, 1,008
Pressure-gauges out of order......vveeiinaanns 2,824 || Blow-out apparatus oub of order.......meesan.. £02
‘Cases of incrustation and seale.............co.. 2,766 || Cases of internal grooving....ovevevuuneennanas 444
‘Cases of external corrosion. ... ......eonoooe.. 2,006 || Caacs of delicioncy of wator.. .cueee veenes voeans 426
Broken braces and stays .coocavcncann e weeneee 2,171 || Doilers withont ZANZOS vevninnnnecnnn o PR 9236

One thousand four hundred and sixty.three boilers were condemned altogetber. The whole number of defects
discovered, including those esteemed to involve no present danger, was 142,032,

Whether from a humane or from a merely commereial standpoint, the mﬂuencc of aun agency which lLias obvmted
80 many perils must be highly estecmed.

=
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