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CHAPTER I

THE EARLY YEARS 1833 TO 1877

The initial reason -for the erection of a foundry at Christiana,
Lancaster County, Pennsylvania was the announcement by the Phil-
adelphia and Columbia Railroad that it would build a line that
would pass through what was then McClarronville to connect Phil-
adelphia with Columbia, Pennsylvania, situated on the Susquehan-
na River. The year was 1833 and William Noble, a local entrepren-
eur and the first to initiate business activities in the area, built a
foundry, a blacksmith and machine shop, a waterwheel house, and
a warehouse near the railroad route.' Between 1834, when Noble
commenced operations, and 1863, when Isaac Broomell purchased
the business, it followed a typical pattern of receivership, new part-
nerships and idleness. In fact, operations completely ceased be-
tween 1844 and 1846. From this latter year, however, the firm has
been in continuous operation down to the present day. The Civil
War and the entrepreneurial talents of the Broomell family were
responsible for bringing order out of chaos.

Isaac Broomell was born at Doe Run, Chester County, Pennsyl-
vania on November 23, 1813. He lived the first eighteen years of
his life on the family farm, and was educated at the Green Lane
Academy. In 1831, he left home and spent some time in Camden,
New Jersey, learning the millwrighting trade- He returned to Ches-
ter County and in 1838 married Rachel H. Wilkinson. The issue of
this marriage was five sons and two daughters. Two of the sons,
Edward and Henry, were to dominate the Christiana Machine Com-
pany until 1916. Isaac was not content with the millwrighting
trade; therefore, in 1852, he built a machine shop at Homeville,
Pennsylvania, where he manufactured agricultural implements such
as threshers.2

In the fall of 1862, James Boon, then owner of the foundry at
Christiana and partner of James D. Reed, owner of the tools and
equipment, approached Isaac Broomell about trading their property
at Christiana for his property at Homeville. After giving the propo-
sition "very careful consideration," Isaac decided to accept because
"the boys were beginning to want to spread themselves." 3 The ex-
act terms of the transaction are somewhat in doubt because the
deed of transfer has the sum of $5,000 listed for real estate, but in
a speech delivered in celebration of his fiftieth wedding anniversary,
Isaac quoted the selling price as $5,500. In addition to this, he
paid James Reed $1,500 "for all the tools. machinery and fixtures,"
making a total selling price of $7,000. The 1860 Census lists the



capital invested in the business for both the foundry and machine
shop as $6,000. 5 While it is impossible to tell from existing records
which figure, $5,000 or $5,500, is correct, it seems certain that in
either case Boon and Reed lost nothing on the transaction.

The depression in the early years of the Civil War did little
to encourage Isaac; and, as he himself states, "most of our friends
thought we were making a bad move this time, and it did look dis-
couraging indeed . . ." Upon arriving at the plant at Christiana his
hopes sank to an even lower ebb when he found "nothing doing in
the machine shop and only two men in the foundry. We brought
what tools we had in use at Homeville, added them to the few that
were here, and with our own force commenced on the same kind
of work we had been doing at Homeville."6

But the same Civil War which had made Isaac Broomell's move
to Christiana look so risky soon gave the new venture the financial
stability that the old foundry and machine shop had lacked since
1834. The three war-related factors responsible for this were the
expansion in the agricultural sector of the economy, the cutoff of
sugar molasses from the south, and increased demand for castings.
Isaac had been producing agricultural machinery at Homeville and
the plant at Christiana was also set up to produce this type of equip-
ment, especially threshing machines. The 1860 Census shows that
the plant produced twenty threshing machines valued at $2,500 and
fifteen sorghum mills valued at $1,500, out of a total output of
$9,100. 7 Thus when the demand for this type of equipment in-
creased because of the war, Isaac was ready to meet it. Even more
important was the loss of sugar molasses from the south because
this created a demand for a mill to extract juice from sorghum.
Isaac Broomell purchased the manufacturing rights for such a mill
from Samuel Lewis Denny, the inventor and one-time owner of the
foundry at Christiana. For these manufacturing rights Broomell
paid Denny $500 and then sold the mill extensively in Maryland
and Pennsylvania. Added to all of this was the fact that iron cast-
ings were in great demand because of the war, "all of which" ac-
cording to Isaac "helped us financially, and led us to conclude that
we had not made such a bad move after all. Money was abundant,
such as it was; it took 185 cents to buy a gold dollar."8

The Broomells were staunch Quakers but tempered their re-
ligion in favor of the northern cause during the Civil War. Ed-
ward, in fact, was out twice with the militia but only got as far as
Hagerstown, Maryland, before sickness forced his return. Isaac
took consolation in the fact that he probably "did not shoot any-
body."9 At the age of 23, the tunes of glory behind him, Edward
Grubb Broomell was given a partnership in the firm on April 1,
1864. Admission of a partner necessitated a change in the com-
pany name to I. Broomell and Son.

With the end of the Civil War, the demand for sorghum mills
suddenly ceased, leaving a number of machines to be remelted and
cast for other uses. After the war, and until 1868, the company



manufactured various kinds of agricultural implements, threshers
and plow castings being most notable. Among the best customers
of the foundry were the old forges on the Octorara stream from
which I. Broomell and Son drew its power. All of these forges had
been driven to the utmost capacity during the war and for some
years thereafter, thus each required many tons of castings yearly
to keep them in good repair.10 The order books for the period 1863
to 1877 have not survived, so it is impossible to tell the exact mag-
nitude of production over this period. But between 1863 and 1868,
the Broomells purchased real estate amounting to $3,000 for both
personal and business use. Also, according to Isaac, "the increase
of work" required more power; therefore, the old breast water
wheel was replaced with an overshot wheel eight feet wide and
eight feet in diameter. It was made mostly of iron and was "an
expensive job," Production must have been expanding because this
wheel met the firm's power requirements "for several years."11

In 1868, the Broomells made a major shift in production when
they contracted with Nathan F. Burnham to produce his turbine
water wheel. Along with this occurred an expansion into mill
machinery and power transmission equipment. The shift in pro-
duction required the following changes. First, the substitution of
two turbine water wheels (thirteen and one-half and eighteen inch-
es) for the overshot wheel. This made the power source more relia-
ble by eliminating the problem of ice clog in the winter. Secondly,
an outlay "of several thousand dollars" was made for new patterns
and machinery. Thirdly, in 1870 the Company constructed in addi-
tion to the machine shop, "consisting of a stone structure 70 feet
long, 28 feet wide and two stories high" (the first floor was for the
machine shop; the second floor for pattern storage). Fourthly, the
labor force was expanded from nine to thirteen men in April, 1869.12

Table 1 shows the changes which occurred in the company over
the period 1860 to 1880, as reported in Census data: capital invest-
ment increased five times, labor inputs two and one-half times,
wages four times, and the value of final output more than four
times. Falling price levels in the national economy between 1860
and 1880 make these increases larger in real terms than indicated
by the monetary values in Table 1. This is a reasonably good record
considering the situation prior to 1863.

On April 1, 1871, Thomas W. Broomell was admitted to the
partnership, and the firm's name was changed to I. Broomell and
Sons. But Thomas stayed only two years and withdrew from the
firm on April 1, 1873, at which time Henry Broomell took his place.
This arrangement continued until the fall of 1877, at which time a
partnership was formed between the Broomells and Burnham. For
six months the firm was known as Broomell and Burnham, but this
was changed on January 14, 1878, when the Christiana Machine
Company was formed with the purchase of half the real estate by
Burnham. An undivided half interest cost Burnham $5,500. He paid



TABLE 1

CENSUS DATA FOR CHRISTIANA MACHINE COMPANY
1860, 1870 and 1880

1860 1870 1880

Capital Investment $6,000 $17,468 $30,000

Labor Employed 11 14 27

Yearly Wages $2,280 $ 3,763 $ 9,000

Final Output 20 Threshing 50 Turbine water Value of
and Value Machines $2,500 wheels 	 $ 4,500 Product $38,000

15 Sorghum 44,000 pounds of
Mills 1,500 Mill Gearing 	 3,520

30 tons of 90 tons of
Castings 2,100 Casting 	 5,200

Miscellaneous 3,000 Repairs 	 2,000

$9,100 $15,220

Sources: U.S., Bureau of the Census, Seventh Census of the United States: 1860. Original Marshall's Re-
port, Schedule V, p. 1; U.S. Bureau of the Census, Eighth Census of the United States: 1870. Original Mar-
shall's Report, Schedule IV, p. 1; U.S., Bureau of the Census, Ninth Census of the United States: 1880. Orig-
inal Marshall's Report, Schedule III, p. 1.



Isaac Broomell $4,962.37, and the remaining $537.63 went for pay-
ment of a widow's dower against the real estate. 13 The Christiana
Machine Company retained this partnership structure until 1889,
with occasional changes being made relative to the individual inter-
ests of the Broomells. Edward was made Secretary and Treasurer,
and Burnham President of the company, at the time of its forma-
tion.

The existing records give no indication why the Broomells de-
cided to shift from agricultural equipment to hydraulic turbines, but
the decision seems to have been a wise one. Burnham had been
in the turbine business since 1856 and patented his first turbine in
1859. He had developed a system of millwrights in the South and
Middle Atlantic States to market his turbine. Thus, the Broomells
had contracted to make an established product with an established
market, which was readily adaptable to the plant's foundry and
machine shop technology.

Nathan F. Burnham has been born in New York City on March
13, 1822, of English-Irish and French descent. His father was a
millwright and Nathan worked with him in Orange County, New
York until he was sixteen years old. He then turned to a series of
occupations including watchmaker, mercantile clerk and bookkeep-
er. In 1856, he purchased manufacturing rights to the Van Dewater
turbine, and produced it for three years at Laurel, Maryland. On
February 22, 1859, Burnham patented his own turbine and later in
the year sold his interest in the Van Dewater turbine, and moved
to York, Pennsylvania. How he became acquainted with the Broom-
ells is impossible to determine. Burnham had two sons, Frank and
William, and together they organized Burnham Bros. of York,
Pennsylvania to sell the turbines manufactured by Christiana.

In addition to his half interest in the Christiana Machine Com-
pany, Burnham was founder and president of the Drovers' and
Mechanics Bank of York, Pennsylvania; was the largest stockholder
and a Director of the York Opera House; and the largest stockhold-
er in a local newspaper, the York Gazette. These other business in-
terests limited his active participation in the day-to-day managing
of the Christiana Machine Company; however, he did participate ac-
tively in the making of decisions concerning the manufacture of
his patented products, expansion of the plant, and the setting up of
branch offices.14

There is no record of the partnership agreement between Burn-
ham and the Broomells. The Broomells each had a one-sixth inter-
est in the partnership; together they held one-half interest. The
actual management of the business was in the hands of the Broom-
ells. Burnham never spent more than a week at a time in Chris-
tiana, but rather conducted his turbine business from an office in
York, Pennsylvania. His major function, therefore, was control of
the turbine aspects of the business. This included making estimates,
taking orders and planning advertising campaigns. His role in the



decision-making process was limited to major decisions usually con-
cerning products for which he held patents. Since he lived in York,
business was conducted through the mail. The point to be empha-
sized is that his products were manufactured by Christiana on the
basis of a written contract. With these products he exercised con-
siderable authority in the decision-making process. But for prod-
ucts for which he did not hold patents, his role was of less impor-

A picture of Nathan F. Burnham from a Burnham
catalog, circa 1889. Mr. Burnham died in 1890 and
it is probable that this picture is of him as a young-
er man, for he was seriously ill for several years
prior to his death. (Courtesy of Robert M. Vogel,
Smithsonian Institution)

tance. At the shop in Christiana the following duties were divided
among the Broomells: Edward kept the records, conducted the cor-
respondence, and did most of the actual day-to-day managing; Hen-
ry's functions ranged from draftsman to engineer to pattern-maker,
according to the need; and Isaac supervised the installation of tur-
bines and mill machinery when the company's sales contracts called
for this.

The Broomell family owned the foundry and machine shop at
Christiana for all but eleven years (fall of 1877 to January, 1889)
between 1863 and 1915. They purchased Burnham's half interest



in January, 1889, and the firm remained under their control until
they sold it to the Bond Foundry and Machine Company, Manheim,
Pennsylvania, in 1915. In the early 1920's, the Christiana Machine
Company became part of the Charles Bond Company, Philadelphia,
Pennsylvania.

CHAPTER II

NEW PRODUCT DEVELOPMENT, EXPANSION AND
DESTRUCTION-1878 TO 1883

This chapter deals with the firm's expansion of its mill ma-
chinery products and machine tools. The standard production items
before 1878 were hydraulic turbines and power transmission equip-
ment. Between 1878 and 1883 the Broomells decided to integrate
vertically by producing and selling a slide valve horizontal steam
engine, a circular saw mill with a sixty-inch saw capacity, and a
vertical flour mill. Boring and turning mills were also sold, but
their introduction developed from the production of machine tools
for the firm's own use. Burnham seems to have had a very limited
role in making the decisions concerning these products.

The first mention of the slide valve horizontal steam engine
came on February 2, 1880, when the firm offered to duplicate one
it was making for its own shop. This was a ten by eighteen inch
cylinder model with twenty horsepower, and "a new adjustable
cutoff arrangement" by which the exhaust valves could be more
closely regulated. Evidently the company needed more power and
did not want to spend the required funds for a new steam engine,
if it could be made more cheaply at its own plant. Wanting to save
capital on both a new steam engine and a boring and turning mill,
the company simply proceeded to design, cut patterns, and cast
them. Once this was done the patterns could be used to make sale-
able items. The next step according to Edward was to get "a few of
these engines in at prominent places" thereby stimulating demand
by a demonstration effect. The engine was to be priced as low as
possible consistent with a "fair profit."1

Once it was decided to make the engine commercially, patterns
had to be cut for a full line of sizes if an inventory was to be built
up and orders supplied promptly. This was very expensive, since
pattern makers were the company's most expensive labor input,
earning between $2.00 and $2.25 for a ten-hour day, compared to
the $1.80 usually paid to machinists and moulders. The sales pol-
icy, therefore, was to try to sell engines of the size of the pattern
already made, and not to make new patterns for other sizes until
an actual order was received. With no inventory build-up or outlay
for patterns, investment in the engine was at a minimum. A custo-
mer could expect prompt service if he happened to need a ten by
eighteen-inch, twenty-horsepower engine; any other size would re-
quire a lengthy wait. With an inventory, delivery could be made
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within a week; but if patterns had to be made, engines cast and
machined, and then assembled, the customer could expect a deliv-
ery date several months after the order. The engine was to be in
two styles, either automatic cutoff or plain eccentric slide valve,
and was to range between three and seventy-five horsepower, with
a price of $125 for the smaller and $1,750 for the larger engine.
In spite of the above plan, total sales reached only two engines, and
total production only three.2

One does not have to look far to discover why more of the new
engines were not sold. Orders had to be turned down for lack of
production facilities. The following letter, dated September 24,
1881, illustrates this situation:

From Everts and Stewart's 1875 Atlas of Lancaster County

We are sorry we are not in shape to build such an engine as they
will need, and will not therefore name price for it. We are so pushed
and have so much more to do than we have facilities for that we have
been compelled to decline some very good jobs, owing to this push,
we have not got our cut off engine (automatic) completed but our
H. Broomell is working on it and thinks he will bring it out. We
hope by another season to be better prepared for business. Thought
when we enlarged our works we would be able to do all that was
offered, but are just as needy for room and machinery as we were
before.'

Although only two engines were sold, Christiana could have
sold many more if it had had the productive capacity. Plant and
equipment were expanded substantially during this period but
Christiana still could not keep up with all the potential orders. With
only three engines made it is difficult to judge their overall quality,
but the correspondence contains no complaints from the two custo-



mers or from the partners about the one in the shop. In summary,
the slide valve horizontal steam seemed to have both a potential
market and a high level of performance.

The second new product of the period and one which fits in
well with the firm's concentration on turbines and milling machin-
ery was a circular saw mill. Estimates were given out for saw mills
in 1877 and 1878, but the records indicate the first orders were re-
ceived in 1879. The first mention of a new saw mill comes on April
23, 1880, with the following statement, written in reply to an in-
quiry about a mill: "Our circular saw mills have recently been
changed and improved and we have no cut of them prepared yet."4
This model was for very heavy work, using a saw sixty inches in
diameter and sold for about $325 exclusive of circular saw. Eight
months later a lighter version was introduced suitable for a fifty-
inch circular saw. According to Edward: "This mill has been gotten
up almost exclusively to supply the demand in southern states for
a light cheap mill.5 In total twenty-two saw mills, of both the light-
er and heavier models were sold between 1879 and 1883.

The third new product of the period, a vertical flour mill, can-
not be discussed in detail because little information is available
about it. From the order books it can be ascertained that eighteen
were ordered between 1878 and 1883; that it was a small farm type
mill used to grind flour; and that it sold for about $100 list price,
$85 net price, and $80 in lots of a half dozen. It was named the
"American Farm Mill," and Edward considered it "so much superi-
or" to "other mills of its class."6

Throughout the years 1878 to 1883, Christiana had expanded
both its plant and equipment. Various machine tools were added
and when these could not be obtained in the desired quality and
price, they were made at the plant. As in the case of the steam
engine, once the patterns were made any number of machines
could be cast. Thus, as an incidental benefit from the construction
of an eight foot boring and turning mill for their own shop, Chris-
tiana acquired the capacity to make them for other shops.

The Broomells' first approach was to try to buy machine tools
secondhand. Edward summarized their view as follows: "Our ob-
ject in asking for secondhand tools is this, to get good tools at low
price. We know there are many tools standing idle that are almost
as good as new and we think they can be had for less."7 This policy
lasted less than a week when, in response to their inquiry, they
were offered a lathe secondhand for just $2 less than "the very best
make in the country, of the latest improved design everything com-
plete and perfect and a new tool," price $795. 8 Edward conceded in
a letter to Burnham "no offer of boring mill (secondhand) at all and
very few shafting lathes, none that would suit us. All prices named
on secondhand tools are more than we can purchase same size for
new." Inquiries were sent to half a dozen machine tool producers,
including William Sellers & Co., Inc. in Philadelphia, and the Niles
Tool Works in Hamilton, Ohio.10 Finally, it was decided to build an



This shows the layout of a typical sawmill powered by a Burnham turbine
built by the Christiana Machine Company. Note that the turbine (lower left)
drives a vertical shaft. The power is transmitted to a horizontal shaft to drive
the saw, the blade of which is over five feet in Diameter. (Courtesy of Robert
M. Vogel, Smithsonian Institution)

eight-foot boring and turning mill, because "we could find nothing
that suited us in both machine and price."11

An eight-foot mill was finished in March 1897, and was an im-
pressive tool, weighing 19,000 pounds and capable of trimming a
pulley ninety-nine inches in diameter with a sixty-inch face. In a
somewhat ironic decision, the Broomells opted to buy rather than
to produce the step cone pulleys and back gears, concluding that
"it will be cheaper to buy the articles than to make them." 12 In ten
years, however, the Christiana Machine Company would be selling
this type of power transmission equipment to the machine building
industry to the exclusion of almost every other type of endeavor.

Almost two years passed before Christiana had time to make a
boring and turning mill for an outside firm. As will be noted, the
company made more turbines in this period, than in any other years
of production. It was only after a doubling of plant capacity that
the mills were made for outside firms. In October, 1880, Christiana
had circulars printed of their mill, relating the necessary specifica-
tions to a potential purchaser. On January 22, 1881, Christiana's
boring and turning mill was the subject of the lead article in the
American Machinist. The pulley capacity of the machine described
was still ninety-nine inches in diameter, but face size had been re-
duced from sixty inches to fifty-four inches. 13 Most probably, how-
ever, the mill was essentially the same as that made by Christiana
in 1878-1879. A total of ten mills had been made, three for the
company's own machine shop, and seven for outside firms. The



mills were sold in two forms: complete, that is, cast, machined and
assembled, ready for installation; or alternatively, the rough cast-
ings alone on which the purchaser would do the machine work and
the assembly. Only two mills were shipped outside the state of
Pennsylvania, and both were complete machines.

At this point an attempt must be made to assess the quality of
Christiana's boring and turning mills. It is most probable that their
tool was equal to anything on the market. Although it was not a
perfect copy of the Niles mill, the similarity between them is sub-
stantial. The Broomells had seen a Niles mill in operation in Phil-
adelphia and felt quite sure they could make one comparable, but
less costly. Niles' mill was probably one of the best in the country,
since E. P. Bullard (a manufacturer who later became the leading
producer of such machine tools in the country) did not have his
mill in production until 1885. 14 One measure of a tool's quality is
its life duration under conditions of heavy use. The Christiana Ma-
chine Company used their eight-foot mill to bore and turn thousands
of pulleys. In busy periods it might run twenty-four hours a day, yet
it was only removed from the machine shop in 1950, and was still
operational after seventy-one years.15

Why the Broomells decided to sell mills two years after having
the patterns cut is understood from the dates of the orders: four
mills were ordered in the month of January, one in each of the
months of December and February, and only one in the month of
May. The mill was used to augment production in the winter
months, or the "dull season," as Edward called it. Turbines and mill
machinery were not in great demand in the winter, so in order to
keep their labor force of about thirty men intact, the boring and
turning mills were made. In the summer and fall, orders for the
mills were refused in favor of turbines and mill machinery. During
busy winter months the mills suffered the same fate as the steam
engine: "We are at present doing nothing in Boring and Turning
Mills and could not offer you one for some months. Have been un-
able to increase our facilities fast enough to supply all demands and
were compelled to drop off something for a short time."16

Even when orders were not declined outright, the price was
made so high and the delivery dates so distant that the order was
often lost on the first inquiry. For E. P. Bullard, Edward named a
price of $3,300 for the eight-foot mill, and $2,200 for the five-foot
mill, with a discount of 10 per cent, and he wanted a delivery date
almost five months in the future." Needless to say, he made no sale
to Bullard under these circumstances.

Some concluding observations on these products are in order at
this point. They were developed during a period of frenzied expan-
sion in the firm's productive capacity. All of them had one distinc-
tive characteristic, that of being divorced from the firm's regular
product line of turbines and power transmission equipment. The
steam engine never really proceeded beyond the planning stage. Al-
though the first engine was for their own shop, both Henry and



Edward evidently wanted to develop its commercial possibilities ev-
en before the shop engine was made. This was not so with the bor-
ing and turning mill: it was developed at first strictly for the shop,
and only after letters of inquiry were received did the Broomells
see its commercial possibilities. Both these items were viewed by
the Broomells as an adjunct or supplement to their regular product
line. When production could be optimized in their regular product
line, the steam engine and boring and turning mill were "dropped
off."

The years 1874 through the middle of 1879 were ones of depres-
sion. Business conditions improved in the latter part of 1879 with
continued prosperity until the latter part of 1883. Christiana
thrived throughout this period maintaining a high level of sales in
its regular line of products. It sold 640 turbines, more than in any
other six-year period for which data are available. Sales of other
products included 2,590 pulleys, 1,068 pairs and 799 separate gears,
273 hangers, and 20,613 feet of shafting. Substantial demand for
their regular products presented the Broomells with the problem
of having to turn down orders for steam engines and boring and
turning mills.

The saw mill and flour mill were complementary additions to
the regular product line, and both were developed to meet condi-
tions of a particular market. For the saw mill, motivation came
from the Southern lumber industry with its need for a "cheap light
saw," and for the flour mill it arose in the demand of "country
mills" for a mill to grind small quantities of flour for a local market.
All the patterns for these products were destroyed by the fire in
1883.

As already stated, both the steam engine and the boring and
turning mill were developed as part of Christiana's expansion be-
tween 1878 and 1883. Over this five-year period the list of im-
provements is impressive. The first new structure was an office
building with a fireproof vault, built in 1878. Debate over the sec-
ond building began in December of 1879, and continued through
the winter of 1880. The idea of building a new foundry seems to
have originated with Burnham. Isaac Broomell was evidently not
very happy with building prospects, as Edward's letter to Burnham
would indicate: "Father got your letter concerning building and
will give it attention think he is not much in notion of building now
if it is not absolutely necessary."18 But Burnham had the logic of ex-
cess demand on his side and Edward was forced to support him
against his father. In reviewing the order books, Edward noted
in a letter to Burnham on February 24, 1880, that they had among
other orders, requests for thirteen turbines with additional machin-
ery and concluded that ". . . we are going to be hard run when we
have so much at this season."19

On May 3, 1880, the firm awarded a contract for building the
stone work of a new foundry and machine shop. In order to save
capital the firm contracted separately for each aspect of construe



tion, with competitive bidding on stone, lumber, roofing slate, box
windows with sash, and even paint. Stone masons, bricklayers, car-
penters, and all other necessary labor were also contracted for by
competitive bids. A separate building account was set up in the
books, and each of the partners in the real estate, Isaac Broomell
and Nathan Burnham, paid half of building cost. Relations between
the Broomells and Burnham must have been very good at this time
because no formal articles of agreement were drawn up. On June
17, 1880, the last heat was run in the old foundry built by William
Noble in 1834, and it was promptly torn down. 20 In order to avoid
any loss of time for casting, the new foundry was built right around
the old. Isaac describes this process as follows:

On May 24th, 1880 the masons commenced on the walls of the
new foundry, which was to be 88 feet long, 50 feet wide , and 22 feet
high to the square, with a back building 54 feet long, 18 feet wide
and 16 feet high to the square. We build nearly all around and over
the old foundry, taking down the walls of the old and building the
stone in the new, keeping the old foundry going until we had nearly
all the walls of the new building up. Finished the roofing on July
13th, and the moulders commenced to work in the new building.
About 600 perch of stone walls laid up in six weeks."

The machine shop was begun on August 10, 1880. It was a
building made of stone, fifty feet long, thirty-four feet wide and two
stories high. In a month less four days the masonry was done. Both
the foundry and machine shop were finished before freezing weath-
er set in, and a smith shop was added in the spring of 1882, which
necessitated the purchase of more land. Total cost of plant expan-
sion was $3,500 for the foundry and machine shop, including a new
cupola, and $1,500 for the smith shop exclusive of the $1,000 for the
land. The total investment in expanded plant capacity, including
land, was $6,000.22

For economists, the index of entrepreneurial skill is profit;
and while the journal books for the firm have not survived, some
information on profits can be gleaned from correspondence among
the partners. Each partner received a salary, and any cash surplus
was divided among them in proportion to their interest in the
partnership. Burnham received $62.50 per month salary and the
records indicate a cash dividend of $300 on January 24, 1882; $2,000
on December 29, 1883; $2,000 on January 15, 1884, and $600 on
March 31, 1884. 23 This indicates substantial returns on his invest-
ment, and there is some evidence of the exact proportion. During
one of those periods of "unpleasantness" between the Broomells
and Burnham, they pointed out to him the following financial facts.
His investment in the firm over the six-year period averaged $8,500,
and his return was $12,796, which gave him a net profit of a little
over 25 per cent per annum. Most of this return, of course, was in
the form of an appreciation in the value of the business through
reinvestment of earnings. This includes $2,500 in cash withdrawals
but excludes a $2,000 insurance payment resulting from the fire,
and rent payments to Burnham totaled $2,034 over the six-year
period. 24 Deducting a 6 per cent opportunity cost, the rate of return



Edward Broomell and his wife Mary. Picture tak-
en in York, Pennsylvania, in August, 1913. Mr.
Broomell was a partner in the Christiana Machine
Company for many years. (Courtesy of Mrs. Ken-
neth P. Jordan)

to Burnham, by the Broomells' figures, is still 19 per cent. An op-
portunity cost of 6 per cent was used because this was the rate of
interest Christiana was charged when it borrowed from the local
bank. Also mill owners were charged 6 per cent when Christiana
financed the construction of a new mill or the installation of new
machinery. These figures are probably fairly accurate because Burn-
ham did not see fit to dispute them and quickly signed a five-year
contract for the exclusive manufacture of his turbine at the Chris-
tiana Machine Company.

If it is assumed that Burnham's share of the profit is half the
profit earned by the firm, then it would seem reasonable to double
his profit to ascertain the firm's total profit. This total would amount
to $25,592 for six years—a reasonable amount when compared with



the net profit for 1883, or $4,879.32. 25 As a rate of return on the
total sales of $33,727 for 1883, net profit reached a respectable 14
per cent.

The two most important points to be made here are: first, pro-
fits over the period 1878 to 1883 were substantial with 1881, 1882,
and 1883 being very good years; and second, all expansion and
technical changes over the period were internally financed with the
exception of an additional investment totalling $6,000 by Isaac
Broomell and Burnham in 1880. In his speech, Isaac makes the
point that "we must have made some money about these times, as
we paid for all of these improvements as we went along."26

At 3:00 a.m. on October 1, 1883, the Christiana Machine Com-
pany had its machine shop burned and most of its patterns destroy-
ed in what was presumed to be a case of arson." The fire would
have been much worse but for a fire pump driven by a turbine in
the basement of one of the wooden buildings. It had two-inch iron
pipes running out in various directions to plugs situated throughout
the plant. To each of these plugs a two-inch fire hose was fitted,
which was always ready for operation and could be started without
going into the building. This display of Broomell ingenuity prob-
ably saved most of the plant from burning to the ground. Although
the machine shop building was badly damaged, the machine tools
inside were saved by being drenched with water. Edward estimated
the cost of the fire as follows: "loss on patterns, $13,300; machinery
stock, $5,088; buildings, $5,000. Total $23,833." 28 As already men-
tioned total insurance coverage was $11,000.

Most of the pulley patterns and some of the turbine patterns
were saved by being in the buildings which did not burn, but Chris-
tiana was eliminated from the machine tool industry through the
destruction Of its boring and turning mill patterns. The reason why
these were not replaced will be the subject of the next chapter. The
machine shop was back in operation on a limited scale by October
26, 1883, and in full scale operation by November 11, 1883. It took
fifty men working on the building and seven pattern makers work-
ing fourteen hours a day to accomplish this. In the short run, the
effect on the firm seems to have been negligible and the Broomells
treated the whole incident in a very matter-of-fact manner, giving
the men "credit for their promptness in taking hold and working
through good and bad weather, to do what they could to help us
out of this difficulty." 29 It was in the long run that the fire had its
most profound effect on the firm and on the men who controlled it.



CHAPTER III

THE BURNHAM AUTOMATIC STEAM ENGINE

In the six years prior to 1884, the Christiana Machine Company
introduced four marketable products. All were destroyed prema-
turely in one fiery holocaust and were not reintroduced thereafter;
instead an automatic steam engine designed by Burnham was in-
troduced. Burnham, in a letter to Edward written two weeks be-
fore the fire, described his new automatic steam engine. Edward
replied that three considerations prevented the company from man-
ufacturing the engine at that time. First, the engine had never
been tested; second, the company had no reserve funds to increase
production facilities; and third, another member of the company
was working on a similar engine.'

Most of 1884 passed with only occasional reference to the auto-
matic engine. The main thrust of activity was directed toward mak-
ing patterns for an advanced version of the Burnham turbine. Not
until July, 1885, the depths of the depression, was it decided to ex-
hibit two of the engines at the Novelties Exhibition in Philadelphia.
Total cost for making and shipping the engines, including Thomas
Broomell's expense in supervising the display at the exhibition,
amounted to $297.33. 2 For this amount Edward could report to
Burnham that Thomas said ". . . the engine is performing admirably
and attracting much attention. All admitting that it gives the steadi-
est light of anything they have tried." 3 Perhaps it was this report
that convinced Edward that the engine had real merit; Burnham of
course needed no convincing.

Burnham suggested separating the production facilities and
having Edward manage the turbine shop, and Thomas the engine
shop. Edward advised Burnham that ". . . one man could easily han-
dle the men for all until the business grew to be much larger than
it would likely be for a year or two." 4 Burnham pressed the issue
and Edward finally agreed to hire an assistant foreman in anticipa-
tion of "a business of some proportions" in automatic engines.5

What makes this so difficult to understand is that sales were
declining in all of the company's products because of the depres-
sion. Total sales fell from $33,727 in 1883 to $22,287.14 in 1884,
and, although no figure is available, the drop in 1885 was probably
even more severe. 6 The obvious question arises of who was going
to purchase the automatic engine.

Edward's first move was to turn away potential work which
would have replaced engine sales. He had been approached twice
about manufacturing a water motor, a small device that could be
attached to a spigot from the city water supply to generate small
amounts of power, but decided against manufacturing it.

The second move involved preparation for production. A draft-
ing room was set up, and a steam coil was added for comfort. Ma-



chine tools were acquired with little regard for cost: a new lathe
was ordered from Bullard for $400; a thirty-six inch engine lathe
from Putman for $1,000; and a special combination plainer and
shaper from the Walker Brothers in Philadelphia which must have
been expensive though no price was mentioned. The third and final
move was production for inventory and the creation of a marketing
system for the engine.

With every contingency apparently anticipated, the partners
awaited the verdict of the market. Nothing can bring an entre-
preneur back to reality quite as fast as a lack of sales. Christiana
sold only seven engines, five of these between December, 1885, and
August, 1886. The first one gave so much trouble that eventually
it had to be returned to Christiana. By May, 1886, Edward seemed
desperate due to the lack of orders, but in June, when Burnham
was ready to concede that he had made a mistake, Edward reversed
himself and was not quite ready to give up. Edward's tenacity not-
withstanding, the engine proved a worthless invention, and by Janu-
ary, 1887, even he was ready to admit defeat.

Burnham had a contract with Christiana to make his engine,
although it may have been oral because no copy of it appears in
company records. A statement of his engine account indicates that
he did pay Christiana for the inventory made. In final settlement
of Burnham's engine account, Edward was more than willing to ac-
cept $1,028.94, in his words "as full settlement for the engine busi-
ness to eternity."7

The engine was a commercial failure, in part because it had
never been technically perfected. Edward's first argument against
the engine was that it had not been tested, but after he himself be-
came financially involved, he saw little need for testing. The only
report of testing is a casual mention of a two-week test of the en-
gine in the shop which proved inconclusive.

Burnham had been experimenting with the engine, at least on
drafting paper, in the early 1880's, and received a patent for a cut-
off mechanism on March 27, 1883. 8 Close regulation of the cutoff
valves would supposedly economize on fuel, and this was purport-
edly the purpose of the invention.

In February, 1886, Burnham filed for three patents simultane-
ously, all of which were granted on February 23, 1886. These three
together with the previous one were the components of the Burn-
ham automatic engine. The first was for an automatic centrifugal
governor, the second was the vertical engine itself, and the third
was a lubrication system. In Burnham's own words the engine was
"to provide a cheap, simple, durable and effective automatic cutoff
engine capable of running at a speed by means of a self-regulating
governor, to provide a continuous, effective and automatic lubricat-
ing and to prevent the escape and waste of the lubricating ma-
terials."9



As Burnham and the Broomells soon found out, the engine was
not cheap, simple, durable, or effective. The lubrication system was
central to the operation of the engine. Proper lubrication of the
crank shaft and bearings was essential because they were designed
to operate at a constant high speed. It was here that the engine
failed. After prolonged use, the bearings developed a loud knock-
ing sound and the engine eventually ground to a noisy halt. The
lubrication system was modified several times, and Thomas Broom-
ell eventually eliminated the problem, but by that time Edward
had had enough of the engine business to last him an "eternity."
A second technical criticism was the fact that the engine's mech-
anism was not, as Burnham thought, simple; it was, in fact, rather
complicated when compared with the horizontal slide-valve engine
in common use.

Besides technical considerations, there was an even more im-
portant reason for failure. Given abundant time and effort both
Burnham and the Broomells commanded enough technical knowl-
edge to make the engine work properly, but reducing the cost of
the engine to a competitive level proved to be the insurmountable
obstacle. Miscalculation of cost of production was a serious blun-
der; the margin of error ranging from $10 to $92 and even though
the estimated cost of the five by five engine differed from the actual
cost by only $10 ($150 estimated, $160 actual), Burnham thought
they would have to be made for $85 to $100 to be competitive. Ed-
ward saw this as impossible unless they reduced cost by "making
great numbers of them."10 After a number of the engines had been
made it became apparent to the Broomells that the cost was exces-
sive because of the engine's complicated design. Thus because of
its inability to produce the engine at a sufficiently low cost, the
Christiana Machine Company gave the responsibility for the en-
gine's production to Burnham, who in turn gave it to his sons,
and there it died.

The decisions concerning the Burnham engine were primarily
made by Edward because Henry had withdrawn from the partner-
ship in February 1885 and Isaac had retired from active participa-
tion in the firm in January 1885. Thomas still had an interest in
the firm but acted as the general foreman in the shop and did not
seem to take an active role in developing the engine. This situation
continued until Burnham's share of the firm was purchased jointly
by Isaac and Edward in January 1889. Early in the 1890's, Henry
again joined the partnership and participated actively until the firm
was sold in 1915.

At this point we must analyze why so many wrong decisions
were made by the company's management. Before the fire Edward
had been very skeptical about the automatic steam engine, but after-
wards he began to see its possibilities. The production facilities of
the shop were relatively undamaged and quickly repaired. Also,
the shop was equipped in such a way that it could produce a wide
variety of capital goods, from machine tools to hydraulic turbines.



The fire did destroy the patterns and a system of priorities had to
be established to get back into production. Patterns had to be made
immediately for those orders already entered in the order books,
and then for gearing and turbines, the mainstay of production since
1868.

The depression of 1884 made investment in any innovation look
very risky. Given Burnham's assurances that concentration on tur-
bines and steam engines would give the firm all it could do, manu-
facture of them seemed to be the easiest way to reduce or eliminate
the risk involved in reintroducing the earlier products. If the firm
were operating at maximum capacity, it would indeed have been a
waste of money to invest in patterns for a horizontal engine, saw
mill, flour mill, or boring and turning mill. Even if the four pre-
fire products had been emphasized rather than the automatic en-
gine, however, it is doubtful that the firm would have fared much
better in the short run, due to the adverse effect of the depression.

In the long run, however, the boring and turning mill would
probably have been a much better investment than the automatic
engine. With the end of the depression, inquiries started coming in
about the mill. In fact, two previous purchasers, Craig Ridgway &
Son and Edward Allis & Company, Milwaukee, Wisconsin, each
wanted another mill, a good indication of its quality. Inquiries con-
tinued to come in to such an extent that the Broomells seriously
considered reintroducing the mill. but the reason that this and the
other pre-fire products were not brought back in the long run had
nothing to do with lack of decision or with the insistence of Burn-
ham. Instead two shifts in the firm's market and product line ac-
count for the lack of interest in reintroducing the pre-fire products.
The first was a shift in market from the Southern milling industry
to the capital goods industries concentrated in the Middle Atlantic
States. The second, a concentration on a different type of power
transmission equipment. After 1887 Christiana's products were used
predominantly in the manufacture of machine tools, cement mixing
and brick forming machinery, and iron foundries and steel mills.

CHAPTER IV

THE BURNHAM TURBINE

The Broomells incurred substantial losses in introducing the
Burnham improved standard turbine in 1884 because of a fear of
losing Burnham's turbine account. To understand the basis for the
Broomell's fear, it is necessary to understand the importance of the
Burnham turbine for the firm between 1868-1884. The logical start-
ing point is Burnham's involvement in the company and its decision-
making apparatus. First, he owned one-half of the real estate, from
which he received quarterly rent payments. Secondly, he held an
undivided half interest in the company, meaning the partnership.
Thirdly, and perhaps most important, he held exclusive patent



rights for his turbine.

His turbine account was kept separate in the company books.
Burnham was charged for each turbine sold at a contracted shop
price but his selling price was a substantial mark up over shop price.
If the customer paid Christiana. which was usually the case, the
turbine account was credited with the shop price plus Burnham's
royalty. If the customer paid Burnham's office in York, Pennsyl-
vania, the turbine account was debited for the shop price. Quarter-
ly, the account was balanced either by a royalty check to Burnham
or a bill for turbines shipped. Burnham was not charged for in-
ventory. Although the company cut the patterns and manufactured
the turbine, the original design and patent rights were Burnham's
exclusively. Thus he could threaten to remove the firm's major pro-
duction item in order to get his way. Since he owned the patterns
and would not have to get new ones cut, this could be done almost
instantaneously in the absence of a legal contract to the contrary,
if he could find another shop to cast, machine and assemble them.

Christiana started manufacturing the Burnham turbine in 1868,
and the 1870 Census provides some information on its relative im-
portance. A total of fifty turbines valued at $4,500 were sold, in
addition 44,000 pounds of mill gearing valued at $3,520. Repair
services were valued at $2,000. Not all the mill gearing or repair
services were sold with turbines but probably a substantial amount.
Total sales amounted to $15,220; therefore, turbines and products
and services sold directly with them account for about one-half to
two-thirds of total sales.' Company records provide more exact in-
formation for the period 1878-1883. In all, Christiana sold 640 tur-
bines, but equally important was the large quantity of power trans-
mission equipment ordered with them.

The Broomells had a very strong incentive to placate Burnham
in order to retain his turbine account, thus when technical prob-
lems developed with the new turbine introduced in 1884, the re-
sulting losses from the technical problems were absorbed by the
company. Instead of trying to handle the risk arising from the un-
certainty of introducing a turbine of their own, they kept on produc-
ing, modifying and repairing Burnham's turbine. The depression of
1885 probably did much to make them emphasize the security of an
established product rather than develop one of their own.

Burnham had worked on turbines for many years receiving his
first patent on February 22, 1859 for a modification of the runner or
wheel itself, that part of a turbine upon which the water reacts.2
The turbine was a substantial invention and one which became
standard, with some modifications, on all the turbines produced by
Christiana. Not only did it increase the machine's efficiency when
operated with a partially opened gate, but also, according to one of
Christiana's later catalogues, "the water acting against it has a lift-
ing tendency thus reducing the friction on the step bearing." 3 The
step supported the runner, vertical shaft, coupling, and bevel gears
or pulleys. Given the weight of these parts, and the fact that the



step was made of "hardwood," Burnham's contribution becomes
obvious.

Burnham spent the next fifteen years developing and perfecting
this turbine, and incorporated into it not only his own improvements
but also those of other inventors. Five patents were issued to him
between 1859 and 1872, all of which culminated in the Burnham
standard turbine, introduced in 1874. This turbine attained a level
of performance comparable to the turbines of the leading firms in
the industry.4

First mention of a new turbine came in February, 1883, when
Burnham inquired if the shop was able to start work on a new
model. Plans were made to start work on it, but little was done
until after the fire, when introduction of the new turbine was
pushed ahead rapidly. It would have been senseless to cut patterns
for the old style (1874) turbine with a new one already patented.

Unfortunately the gate, which regulated the amount of water
flowing into the turbine, never attained the level of performance
the turbine itself achieved. This became the major field for Burn-
ham's inventive endeavors in the 1880's. Pressure toward constant
improvement in the efficiency and operation of the turbine was un-
ending not only from other firms but also from Edward Broomell,
who felt that the 1874 model turbine was becoming obsolete:

We know of course that the time is not far distant when your present
wheel cannot be sold at very high prices and are desirous of doing
what is best for all concerned . . . as soon as you have a wheel per-
fected that will give good results all through and not be worthless
on account of its many parts and liability to wear out in short time
we will be ready to join you in bringing it into use.5

Burnham received letters of patent for his new turbine on
March 27, 1883, and again the object of his invention was increased
efficiency, especially at part gate. 6 According to a Burnham Bros.'
catalogue, Burnham had tested the turbine's efficiency quite deli-
gently. "Whole gate" efficiency increased by 3 per cent and "part
gate" efficiency between 2 and 10.7 per cent, but the turbine's ef-
ficiency had never been in doubt.7 It was the performance of the
gate mechanism which needed testing, and this was not done.

Burnham wasted no time in getting his new turbine from the
drawing board to the production line, but while doing so he made
several serious mistakes. He started much of the "unpleasantness"
between himself and the Broomells by constantly pushing them to
complete the patterns for the new turbine and at the same time
insinuating that they did not appreciate the importance of his tur-
bine trade. Edward replied that he doubted if Burnham "appreci-
ated the immense amount of work we have had to do to get things
in good shape for business in so short a time."8

To make matters worse, Burnham complained bitterly about
the high cost of having patterns made at Christiana. Edward was
completely unable to understand Burnham's reasoning, as Burnham



was charged only for labor and lumber. Those parts made of iron
and brass were not charged to him nor were the plates on which
the turbines were cast. Edward had four pattern-makers working
on Burnham's turbines and was willing to add as many as the shop
could accommodate if Burnham would pay the extra expense. This,
however, he refused to do. An agreement settled the initial charge
to Burnham for the new patterns, but by establishing a contract
price based on completed patterns Edward unwittingly trapped him-
self. When problems arose with the gate in the new model turbine,
Christiana eventually had to bear considerable expense of pattern
modification.

As already illustrated, one of the reasons the automatic engine
did not succeed was the failure to perfect it technically before plac-
ing it on the market. In his haste. Burnham made the same mis-
take with the turbine. Managerial decisions were not very sound
during the depression of 1884, but the failure to test the new tur-
bine can be taken as the most serious entrepreneurial error.

Burnham's 1884 turbine was considerably larger than the 1874
model; it was made to be deeper and thus produced one-half more
power but with proportionately less water. Increasing the size of
the turbine made the problems with the gate much more acute thus
to combat this, Burnham developed a system of rollers to open and
close the gate. It was here that the turbine failed to perform prop-
erly. The old model gave Christiana very little trouble, but the new
turbine was so much larger that the gate became a major technical
problem. A second difficulty, arising from the increased size of the
turbine, was how to cast it without getting spiderweb cracks. These
two problems did much to dissolve the relationship between the
Broomells and Burnham.

By September, 1884, Edward had worked up a large inventory
of turbines with the rollers, but three months later the "bugs" had
still not been worked out of the gate mechanism. Christiana was
carrying an inventory of between forty and fifty turbines, all of
which had been changed twice at Christiana's, not Burnham's ex-
pense and still needed "further changes." To make matters worse,
the Broomells' system of customer payment made them, not Burn-
ham Bros., feel the brunt of any customer dissatisfaction because
they were often forced to extend credit to obtain the sale. If the
turbine's performance was not satisfactory, Christiana suffered the
loss not only on it and on any power transmission equipment or
mill machinery sent with it but also freight to and from the fac-
tory. 10 When the roller gate mechanism gave a customer trouble,
Edward tried to blame Burnham Bros., but to no avail, he could see
no reason why the company should bear this kind of loss. Need-
less to say, Burnham Bros. thought that bill collection was the
Broomells' responsibility, and here the impasse developed. There
was much heated debate over this issue, but in the end the
Broomells conceded the point by sustaining the cost of making the
wheel as good as it was guaranteed to be.



The technical problems involved in correcting the gate mechan-
ism were quite formidable, even the smaller turbines operated very
poorly, and all that were shipped had to be sent back to Christiana
for repair. Edward made the point to Burnham that the rollers on
the ten and one-half inch turbines "that came back were every one
stuck fast and took a good deal of work to get them so they would
turn at all." 11 Over the next three years several different systems
were adopted for a short time, including one system of staying
arms and another of posts to control the gate, but none proved
satisfactory. It was this problem which set the stage for Henry
Broomell's balanced-gate turbine.

Alienation of millwrights and mill owners must have been
serious, because Burnham Bros. emphatically reassured the milling
trade that the problem had been solved, while Edward wrote many
letters to millwrights reassuring them of the turbine's quality,
while at the same time disassociating his firm from it and from
the Burnhams:

How is trade with you we notice you send us no orders this summer,
has our work not -been satisfactory? We trust the trouble you had
with the Burnham wheel is not operating against us. We make the
wheels for them, but they are always made as directed. We never
liked the roler sic arrangement and said all we could (not to make
ourselves obvious) against them. We think the wheel as now made
will and is giving entire satisfaction. If you can't patronize Burn-
hams in the purchase of wheels, we would at least like to have some
of your orders for machinery.12

Burnham's final solution to the gate problem was a worm gear
housed between the cover plate and the curb of the turbine, which
was patented May 1, 1888. 13 This arrangement proved too powerful
for the mechanism involved:

We are very sorry to hear of the misfortune with the worm gate
gear. We had hoped there would be no more trouble with this ar-
rangement and that we could go right along and put up a stock of
wheels. Now it looks as though the arrangement is too powerful and
that if anything should get in the gate the gearing will be very likely
to be broken. A man's strength applied in such a way is sufficient to
either break something or shut the gate.14

The gate proved a continuous source of difficulty for Burnham
Bros. Nathan's illness and death in December, 1890, prevented his
technical skill being fully brought to bear on the problem. His sons,
Frank and William, did not possess their father's inventive skill;
thus it was left to the Broomells to find a reasonable solution. The
Burnhams eventually rationalized that the gate problem was the
Broomells fault and resulted from improper construction. Edward
assured them that this was not the case:

We are in receipt of your favor of yesterday, and note what you say
in reference to the probable reason of your gate working hard, be-
ing that the gate and stay arms do not fit properly. We assure you
this is not the case, we are very particular and every piece is turned
to gauge.15

Cost of the various changes in the turbine patterns was very



high. Edward estimated the cost of pattern changes from rollers
to staying arms, to guide posts, back to staying arms, and finally to
the worm gear mechanism, equal to "as much as the original cost
of patterns." 16 Christiana bore the cost of these pattern alterations,
but the point was finally reached at which Edward warned Burn-
ham "it will be impossible for us to stand all the losses of various
kinds, alteration as innumerable as in the past . . . we ask nothing
unreasonable but would like to do your wheel work so there will be
a little profit in it . . ." 17 Burnham's refusal to pay for pattern al-
teration, except as a part owner of Christiana, explains much of the
animosity between the two families in the late 1880's.

The gate problem is not only important in terms of the de-
velopment of an invention (Henry Broomell's balanced gate tur-
bine), but also as an illustration of incorrect decision making. The
period between 1884 and 1889 was characterized by too much de-
pendency upon Burnham's judgment. Edward allowed himself to
be maneuvered into a contract price for pattern work based on
Burnham's reassurances that the gate, as first designed, would work
properly. When it did not, Christiana bore the increased produc-
tion costs to insure retaining Burnham's account after the technical
problems were solved. Little is gained by dwelling on the point
and perhaps the increased costs can be viewed as the price Edward
paid for a "business education." Nevertheless it is worth noting
that Edward was not one to repeat his mistakes. After the partner-
ship's dissolution he was soon to learn that Burnham's opinions
were not missed and that his turbine was easily replaced.

In the light of subsequent events, the Broomells handled un-
certainty improperly with regards to the Burnham 1884 model tur-
bine and the automatic steam engine. The most rudimentary steps
to hedge against the risk of loss were not taken. Product testing,
cost control, determination of potential market, and others, were
precautions which could have reduced the substantial losses the
firm took on Burnham's inventions. The losses the firm experienced
during the 1880's resulted in dissolution of the partnership and
corporation. From the tone of the letters among the partners in
the last months of 1888, bitterness must have been running high.
At one point the Burnhams held a board of directors meeting with-
out bothering to invite the Broomells. Edward and Isaac, of course,
rejected the results of such a meeting: "Your favor of the 18th inst.
recd., and in reply we wish to say that any action taken by our
board of directors at a regular meeting will be duly considered.
Your communication signed by individuals you of course cannot ex-
pect to be regarded as the action of the Association."18

In spite of the petty "difficulties," or more accurately because
of them, the stockholders met on January 14, 1889, to work out a
settlement. During this meeting. Isaac purchased Burnham's shares
of the stock at par value, a total cost of $15,000, as well as the Burn-
ham half-interest in the real estate for $10,000. 19 To pay for this,
Isaac issued $21,000 first mortgage bonds bearing 6 per cent inter-



est. All of these bonds were sold to local people, except for a $4,000
block which the Burnhams took. There is no indication in the rec-
ords why the Burnhams took $4,000 worth of bonds instead of in-
sisting on cash. The company's books at this time showed an un-
divided cash surplus of $1,651; the accounts receivable and the ac-
counts payable about balanced each other, and the book value of
the firm, real estate included, equalled $51,651. Isaac completed
the transaction by selling half of the real estate and company to
Edward which made them equal partners. The corporate charter
was allowed to lapse.20

CHAPTER V

THE BALANCED GATE TURBINE

Thus far the dominant figure in the development of the tur-
bines produced by Christiana has been Nathan F. Burnham; but in
1889, Henry Broomell patented his own version of the Burnham
turbine. First mention of the new turbine in company correspond-
ence appeared exactly two weeks after the Broomells purchased
Burnham's half of the firm. Yet the development of the balanced
gate turbine, as it was called, had been in process for the previous
four years. In fact as early as January 1885 both Henry and Ed-
ward had seemed quite willing to share with Burnham their solu-
tion to the problem of the gate rings, at that present stage of de-
velopment. Edward wrote Burnham: "We have Henry's plan for
opening water wheel gates made to put on a 30" wheel and will have
it attached in a day or two and want you to come and see it when
ready. It is very simple and does seem to be the right thing and if
adopted would simplify the wheels very much . . ." 1 A second letter,
written three days later, confirmed the above statement and even
described Henry's balance gate invention.2

Burnham wanted no part of it. and within a month Henry had
left the partnership, while Burnham pursued as many inadequate
solutions as he could contrive. He evidently did not believe the
Broomells had the inventive capacity to solve such a problem. In
less than four years he was to learn otherwise.

Between 1885 and 1889 the Broomells were exposed to all the
data essential to modifying the gate mechanism and various other
features of Burnham's turbine. The Broomells probably did enough
testing to realize that Henry's solution in theory (which must have
been its form in 1885) would work in reality. They had been ex-
posed to Burnham's experiments and had the benefit of knowing
what would not work. The Broomells, as the actual builders of
Burnham's turbines, were in a much better position than Burnham
Bros. to understand not only what was technically feasible, but also
the requirements of the milling trade. The problem of the gate
arose because:

All wheels of that style have a side shaft, what is the gate is opened



by some device on one side of the wheel and the motion tends to
make the two large surfaces of the gate and curb rub together—to
alleviate this they are all made with gate and staying arms, intended
to centre the parts and keep them from rubbing, but very soon the
action of the water on the iron and the motion especially where a
governor is used wears the gate arms. And then the large surfaces
comes in contact and the result is that the gate is very difficult to
operate . . . The wheels are now made with a worm to open the gate
which makes a powerful motion but does not do away with the de-
fective principle of the side draft.3

To eliminate this problem a gate mechanism had to be designed
which would operate the gate by bearing on two diametrically-oppo-
site points with equal force during the act of turning. The mechan-
ism also had •to be "self adjusting in order to compensate for slight
irregularities in construction or those due to wear, thus maintain-
ing a balanced draft."4

The modification of Burnham's basic style turbine, which Chris-
tiana introduced in 1889, involved more than an adaptation of Hen-
ry's balanced gate mechanism. Several other changes were made
and proved of substantial value. The Broomells did away with the
packing-box formerly used "to prevent the water from gaining ac-
cess to the wheel through the shaft-space," and substituted for it
a collar called a splash ring.5

A second change was in the follower-box, which was mounted
above the splash ring at the top of the turbine proper and was used

Pictures showing details of the worm-gear gate on a Burnham turbine. This
type gate was one of several employed in an effort to overcome the gate prob-
lems that plagued the 1887 model Burnham turbine. (Courtesy of Robert M.
Vogel, Smithsonian Institution)



to steady the shaft between the runner and the coupling. Inside the
box were spacers, called followers, whose tension on the shaft could
be adjusted by three set screws extending through the follower-box
against the followers. The Broomells changed the followers from
wood to brass because "our experience is that few persons pay any
attention to tightening up the follower, hence the shaft gets loose,
and wears itself and box and follower."6

The third change is difficult to explain because the problem
which led to it had not appeared in company records before the
Broomells brought out their own turbine. Edward told a customer
that Burnham always had trouble with the water discharging from
the "bottom of the wheel." Edward explained the problem:

We also changed the form of the wheel proper and did not run the
buckets so near the center, and in order to get ample discharge, and
to avoid the objection urged by many, that the band catches grass,
etc. and clogs the passage, we extended the lower part of the wheel
below the gate, that is putting the band beyond reach of anything,
thus giving the water a wide and free discharge and instead of put-
ting the wrought iron band on the wheel from the bottom which we
found from experience, was not a good plan, owing to their dropping
off in many cases, we put it on from the top and rested it on a turned
shoulder and with the outer edge of the buckets curved, as you see
by cut, which makes a very handsome and strong wheel-7

The fourth change was in the design of the case. Those tur-
bines sold in iron cases were so designed that, after four bolts had
been removed, the entire turbine could be taken from the case. The
change involved making the "outer case with a deck plate" which
could "be taken off, and the wheel put in and taken out without re-
moving the case from the pipe." 8 This change facilitated main-
tenance and parts replacement. A reduction in the depth of the tur-
bine was the fifth change. Edward claimed that Burnhams':

. . . object in changing their patterns when they came to be' renewed
after our fire, was to compete with other wheel makers by giving an
equivalent amount of power for a given diameter wheel. You know
there has been a craze among wheel men for deep wheels, and they
thought necessary, or at least advisable to make their wheels deeper
than before, so they increased the depth one-half . . .9

The Broomells saw Burnham's increase in the size of his 1884
model turbine as a serious mistake. Given a chance to compare both
the 1874 and 1884 models, they realized the earlier one had given
much better service. They reduced the depth of the wheel "about
1/9, thus giving it 8/9 of the power and discharging 8/9 as much
water as the Burnham."10

The sixth, and final, change was not a change in technology but
rather a change in production policy. Over the course of years
Burnham had changed many times the dimensions, chute design and
gate mechanism of his turbine. Christiana, as manufacturer, was
faced with the problem of supplying replacement parts for a be-
wildering array of various Burnham turbines. When the Broomells
decided to produce their own turbines they were not going to repeat
Burnham's experiences. Edward outlined the new policy in October,



A vertical turbine with worm-gear gate as it appeared when installed in a
Penstock. Note that gearing to control the gate is at right of turbine. (Cour-
tesy of Robert M. Vogel, Smithsonian Institution)

1889, before many of their wheels had been sold:

All the wheels from the start will be made so any part can be dupli-
cated, this has always been difficult to do in the case of the Burnham
wheel for they have changed so often.11

Another important matter that we propose to see to from the
start is that any piece of one wheel will fit any other wheel. This
we were never able to do with the Burnham because of the numerous
changes and complications.12

In summary, the Broomells made five changes in the design of
Burnham's 1884 model turbine, not including the major change in
the gate mechanism. Besides these, a policy change was made in
the attempt to inject more uniformity of design and thus to facil-
itate parts replacement.

Previously, when Burnham had made a misjudgment, either of
a technical or of a business nature, the Broomells seemed to suffer
more than their share of the consequences. This time, however,
things were different. When Burnham had made his first sales offer
in 1883, it was with the provision that the Broomells neither make
nor sell turbines. By 1889, he evidently thought it unnecessary to
include such a condition in the terms of sale. Nine months later he
discovered his error! One can only imagine Burnham's surprise, if



not shock, as he sat in his Presidential office of the Drovers & Me-
chanics Bank, of which he was president, founder and half owner,
to learn that his $75 per month ex-partners had outmaneuvered
him. He evidently found out from one of his millwrights and hasti-
ly dispatched a letter asking for confirmation. Edward replied stat-
ing the Broomells' position:

You have been correctly informed in reference to our commencing
to advertise a Water Wheel in the Oct. number of the American
Miller. We have been working on this wheel quietly, for some
months and received letters patent on it, Sept. 3, patent referring
principally to the arrangement for opening the gate- We have at-
tempted, we think successfully, to avoid infringing on any ones pat-
ent, in getting up this wheel of which I think you will be fully satis-
fied when you have a chance to read the description of it, which you
can see in the American Miller above referred to. At present we
have no printed matter of any kind to send you, having used what
prints we had from cuts in arranging for circulars etc. Several things
have had their influence to induce us to bring out this wheel: one of
the particular ones being that we had no permanent arrangement
made with your sons to manufacture their wheels, and the price re-
ceived for them considering the fact that we have to carry as much
stock, and sell comparatively little, is not sufficient inducement to
tempt us to try to make a permanent arrangement with them- We
feel also that water wheels are directly in our line of trade and it
seems almost a necessity to have some one to build or sell.

Of course, when we start in on this new wheel, we cannot ex-
pect your sons to remain longer with us, but while they are here, we
will do everything we can to furnish the wheels promptly, and assist
them in every way possible in their business, until they are estab-
lished elsewhere. You remember that all through the earlier part of
the season the water wheel orders were comparatively nothing, and
it was quite discouraging in view of the fact that we had so many
wheels on hand ready to put up. Still we waited several months be-
fore we decided to go into the building of another wheel, but now
have our minds fully made up, -and while we do not expect to push
it very hard at first, we hope to build a trade finally. As soon as we
have some printed matter, we will send you a copy.13

It is impossible to tell how much of this letter Burnham actu-
ally believed, but it is possible to determine what parts of it were
for his benefit exclusively. In the first place, the attempt "to avoid
infringing on any ones patent" was aimed directly at him, since
Christiana's turbine was a direct imitation of his, with some impor-
tant modifications. Edward made this point to one of Burnham's
customers, "our wheel is not radically different in general features
from other register gate wheels. and is very similar, in many re-
spects to the Burnham wheel we have built for a number of
years."" Secondly, instead of their having worked on the new
wheel for "some months," Edward confided to 0. J. Seibert, that
the new wheel had been "planned for two or three years, but we
had no intention of bringing it out or putting it on the market while
Burnham's were in our Co." 15 Given Henry Broomell's patent,
granted September 3, 1889, there was nothing Burnham could do
but accept the fact that he had one more competitor.

If the Broomells had been planning to bring out a new turbine
"for two or three years" why did they wait so long? Again the an-



A Burnham turbine with worm-gear gate, circa 1889. This was one of the last
models of Burnham turbine manufactured by the Christiana Machine Com-
pany. (Courtesy of Robert M. Vogel, Smithsonian Institution)

Right: A vertical turbine with register gate, shown encased. (From the au-
thor's collection)

swer seems to be a security motivation as opposed to a maximum
profit motivation. The introduction of a new innovation in 1886
would have contained a sizeable risk factor because of general busi-
ness conditions. The Broomells' "general expectations" about busi-
ness conditions were such as to exclude breaking into an industry
already overcrowded with firms. James Emerson's testing records
indicate at least eighty-three firms. 16 These, of course, were only
the firms which had their turbines tested at the Holyoke testing
flume, Holyoke, Massachusetts, and many did not.

By 1889, business conditions had improved, Henry Broomell
had solved the problem of the gate, and the Broomells had the City
markets (discussed in chapter VII) as alternatives if the new ven-
ture did not succeed. Yet in terms of handling uncertainty, the
Broomells made several serious misjudgments. First, the technical
problems of gate mechanism seem to have been solved as early as
January, 1885; instead of dropping Burnham's turbine and concen-
trating on their own, they continued to produce his and take the
losses. Second, if they had developed the balanced gate turbine in



1885 and 1886, they would have been in a good position to take ad-
vantage of improved business conditions in 1887. As it turned out,
they did not sell more than thirty-six turbines in any year before
1898. Between 1889-1915 they sold 661 turbines, just twenty-one
more than the 640 Burnham standard turbines sold between 1878-
1883. This brings us to the final and most serious error in judg-
ment—the size and purpose of the balanced gate turbine.

Christiana's new turbine was designed to be a primary power
source in small milling firms. It had been reduced in size and power
by about one-ninth of the 1884 Burnham turbine. Yet the national
trend was in the opposite direction, as noted in the 1900 Census:

While the number of water wheels in use had decreased from 55,404
in 1880 to 39,182 in 1900, a loss of 16,222 wheels, or 29.3 per cent of
the number in use in 1880, the aggregate power of the wheels in use
increased during the same interval from 1,225,379 horsepower to
1,727,258 horsepower, a gain of 501,879 horsepower, or 41 per cent.
This very large decrease in the number of wheels and great increase
in the aggregate power points to the large increase in the size of the
units, which in 1880 averaged only 22.1 horsepower each, but which
in 1900 was 44.1 horsepower, or twice as large. This is due to the
abandonment of many small wheels of antiquated type and the sub-
stitution therefore of fewer units of larger size and greater efficiency.
In many instances, too, it has been necessary to abandon entirely
the use of waterpower, either because of failing supply or the larger
requirements of expanding industry, and this has removed a consid-
erable number of wheels, mostly of small size.17

The implications for the turbine for generating electricity at
the beginning of the twentieth century were literally unlimited.
By 1960, turbines drove "about 95% of all electrical power-produc-
ing generators in the world." 18 To take advantage of what has been
called the "second industrial revolution" would have required ex-
tensive and continuous changes in Christiana's turbine technology.
The Broomells made some changes in their turbine technology to
take advantage of the shift to hydroelectricity, but all their tur-
bines sold specifically to drive generators were comparatively small
units.

No record exists showing how many of the Burnham turbines
were used for this purpose, but Edward claimed a "number" were
used to drive dynamos. Christiana's records for the balanced gate
turbine permit a more exact estimate to be made. Christiana de-
veloped a horizontal turbine, so designated because the drive shaft
extended horizontally from the machine. It was designed primarily
for high water pressure and high speed to drive electric genera-
tors. The company made its first horizontal turbine in 1895, and
made in all 144 of them.

Yet in spite of this the Broomells did not want to expand their
production facilities to accommodate the larger turbines. Edward
explained the situation to Burnham Bros. in 1892:

We have some doubt whether we could handle a 42" Horizontal
Wheel made as shown by plate #3 on page 8 of your catalogue.
This is an awful heavy arrangement, weighing, according to our esti-



mate, about 18,000 lbs. The case would have to be so large in diam-
eter in order to get the necessary capacity or space around the' Wheel
that we do not believe we could turn it on our lathe. We have not
made an actual drawing to determine this, but have made a rough
sketch, and this is the conclusion we have reached. It would require
a Base Plate something like 16' long, and, of course, it would have to
be heavy in proportion to the weight of the Wheel set on it. If we
can make it at all the cost would be in the neighborhood of $900.19

This was a fundamental error in the Broomells' assessment of
the future demand for turbines. They were unwilling to handle the
uncertainty of expanding their plant and equipment to produce
large turbine units. Yet the firms which concentrated on the large
units for hydroelectricity underwent the greatest growth, i.e.,
James Leffel, Springfield, Ohio; S. Morgan Smith, York, Pennsyl-
vania; and I. P. Morris, Philadelphia, Pennsylvania. Each of these
firms started in the turbine industry by producing small units for
the milling industry, but because the dominant firms by concen-
trating on the larger units for hydroelectricity.

A vertical turbine with register gate, built by the Christiana Machine Com-
pany, circa 1910. (From the author's collection)



The balanced gate turbine represented an attempt to maximize
security instead of profit. It was designed to service a market that
Christiana had catered to since 1868—the milling industry concen-
trated in the Middle Atlantic and Southern States. But that market
was in decline and a new one, hydroelectricity, was rapidly taking
its place. The Broomells' failure to develop their capacity to make
large turbines probably accounts for the firm's lack of growth com-
pared with the industry's leading firms. Thus, while the balanced
gate turbine was a legitimate innovation for the firm, it did not go
far enough in meeting the economy's requirements for a larger,
more powerful turbine technology. The Broomells' timidity in de-
veloping this type of technology goes a long way in explaining why
the firm's growth was severely limited.

CHAPTER VI

DISSEMINATION OF CHRISTIANA'S
TURBINE INNOVATIONS

This chapter has a two-fold purpose: first, to describe the dis-
semination of Christiana's turbine innovations; and second, to
prove that Christiana's turbine development represented legitimate
technological improvements. The actual technical improvements
were discussed in great detail in the previous chapter. Here the
objective is to show how extensively those technical improvements
were disseminated, thus indicating their worth by the degree of
acceptance of the milling industry.

An innovation can be evaluated in two ways: first, on the basis
of physical distribution; that is, the quantity sold in a national or
international market, or within a particular geographical or indus-
trial sector of a national market; and second, on the basis of the
number and the importance of the firms which imitated the innova-
tion. Each one of these points will be discussed in turn; but initi-
ally it is necessary to determine the economy's aggregate demand
for water power, or, conversely, its demand for turbines, as well as
the total number of turbines Christiana sold.

The total production of horsepower by water "grew from 1,130,-
000 to 1,765,000 horsepower between 1869 and 1919," but this was
dwarfed by the increase in horsepower produced by steam, which
grew from 1,216,000 horsepower in 1869 to 13,840,000 horsepower
in 1919. 1 During the same period, water power decreased from 48.2
per cent to 6.0 per cent as a source of the primary-power capacity
in manufacturing. What this meant for Christiana was a continu-
ous decline in demand which eventually reached a point where tur-
bines could not be sold at any feasible price in relation to the cost
of production. In the milling industry, most flour and grist mills,
saw mills and textile mills, had shifted to steam or electricity. Since
this represented Christiana's major market, the effect on its tur-
bine trade is obvious. A review of the company s sales data illus-



trates the decreasing demand for hydraulic turbines.

The Broomells had started producing the Burnham turbine in
1868. For the next ten years they produced the smaller sizes with
Burnham having the larger ones produced in York. With the for-
mation of the partnership in the fall of 1877, Christiana began to
produce the Burnham turbine exclusively. In May 1878, Edward
wrote the Pennsylvania Railroad, inquiring if a crane could be
installed at the Christiana station, because "we have now ordered
a number of heavy water wheels, and they will be difficult to load
without a crane." 2 Christiana continued to produce the Burnham
turbine exclusively until at least 1889. It is impossible to determine
from company records when Burnham Bros. began production at
Glen Rock, or if the decline in Christiana's output in 1892-1893 was
the result of the move to Glen Rock or of the oncoming depression
of 1895. In any event, Christiana completely ceased production of
the Burnham turbine in 1893.

A total of 1,291 Burnham turbines were sold by Christiana be-
tween October 29, 1877 and December 31, 1893. The most Christi-
ana sold in any one year was 128 in 1881; it sold 100 or more in
four successive years, 1879 through 1882. The 1890 Census indi-
cates that 13,988 turbines were in use by flour and grist mills, saw
mills and cotton ginning. If all of Christiana's Burnham turbines
sold between 1878-1889 were in operation at the time of the Cen-
sus, then Christiana's share of the market would amount to 7½
per cent. 3 This seems an appropriate share of the market consider-
ing that there were more than eighty-three firms in the industry
in the 1880's. As for the balanced gate turbine the company rec-
ords indicate that 805 turbines were sold between 1889 and 1948.
In the four years between 1879 and 1882, Christiana sold one hun-
dred or more turbines in each year. Sales peaked in 1881, with
128 turbines sold. But from 1883 until Christiana sold its last tur-
bine in May 1948, the company never regained the level of sales
of the 1878-1882 period. After 1907, Christiana never again sold
as many as twenty turbines in any one year. The economy's shift
from water power to steam and electricity as prime movers in
manufacturing was the major cause of Christiana's declining sales
of turbines.

With the quantity of turbines sold by Christiana established,
it now becomes possible to discuss their geographic distribution.
But before proceeding, it is necessary to present, for purposes of
comparison, the distribution of water power in the national econ-
omy between 1869-1919. The economy's demand for water power
peaked in 1909 in all geographic divisions and declined slightly by
1919; in terms of importance the North comprised of New England,
the Middle Atlantic States, the East North Central States, and the
West North Central States was most important in the use of water
power increasing over the period from 81.9 per cent in 1869 to 84.4
per cent in 1919, with the absolute increase in horsepower more than
doubling for New England and increasing over 60 per cent in the



other areas which comprised the North. The South, composed of
the South Atlantic States, the East South Central States and the West
South Central States, increased its use of water power a little over
9 per cent, while its relative position in terms of total water ca-
pacity declined from 16.3 per cent in 1869 to 11.4 per cent in 1919.
By contrast, the West, composed of the North Pacific States tripled
its use of water power and increased its percentage of total water
capacity from 1.8 per cent in 1869 to 4.2 per cent in 1919.4

Based on these aggregate data of the economy's use of water
power, the major market for turbines should have been New Eng-
land and the Middle Atlantic States, but Christiana's distribution
contradicts the national trend. The principal reasons for the un-
usual geographic distribution of Christiana's turbines were the early
business activities of Nathan Burnham in developing a system of
millwrights to act as manufacturer's agents in the South; the high
concentration of the milling industry in the South before the Civil
War; and the development of a turbine technology to meet the spe-
cific needs of the southern milling industry. Contrary to the ag-
gregate national trend in the use of water power, Christiana
shipped 60 per cent of its Burnham turbines to the Southern States
—and an even higher percentage in individual years. By contrast,
New England and the Middle Atlantic States together received only
a little over 29 per cent of Christiana's Burnham turbines for the
period. The Middle West and North Pacific coast states received
only 7 per cent of total sales. The international market, which in-
cluded Europe, South America and Canada, received a little less
than 4 per cent of total sales.

To conform to the national trends Christiana would have had to
ship the bulk of its output to New England and the Middle Atlantic
States, which utilized about 83 per cent of the nation's water ca-
pacity. The South's use of water power, between 1879-1889, actually
declined both in its absolute and in its position relative to the rest
of the nation. Horsepower declined from 194,000 to 185,000, or
from 15.8 per cent to 14.8 per cent of the nation's total water power.

The situation changed after Christiana started selling its own
turbines. The South still received the largest percentage of any
geographic area-42 per cent; but this is a considerable decline
from the 60 per cent for the Burnham turbines. In the distribution
of Christiana's balanced gate turbine, New England and the Middle
Atlantic States received a little over 38 per cent, and the North
Pacific States increased slightly to 8 per cent of Christiana's sales.
The international market, comprising South America almost ex-
clusively, increased to 12 per cent of Christiana's total sales. The
most notable shifts in the data would seem to arise from a decline
in the southern market, especially after 1901, and a movement into
the South American market after 1900. There was also a notice-
able shift to the Middle Atlantic States. Of 1291 Burnham turbines,
Christiana shipped 271 to the Middle Atlantic States; but from 805
of their own turbines, Christiana shipped 268 to the Middle Atlantic



States. Proportionally, Christiana shipped 21 per cent of the Burn-
ham turbines as opposed to 33 per cent of its own to the Middle
Atlantic States. It would seem that the data for Christiana's own
turbine conforms more closely to the national trends in the use of
water power.

The unusual geographic distribution of the Burnham turbines
is explained by the early business activities of Burnham. In 1856,
Burnham, with S. P. Heath, a partner, purchased manufacturing
rights for the Van Dewater turbine in the State of Maryland. Burn-
ham Bros.' catalogue claims that Burnham and Heath operated at
Laurel, Maryland until Burnham sold out in 1858, purchased manu-
facturing rights for Pennsylvania, and moved to York. 5 The patent
records in the National Archives, however, contradict this by show-
ing Burnham's address as Laurel Factory, Maryland. Patent files
contain personal correspondence between Burnham and the patent
office dated February 2 and 7, 1859, with the Laurel address. 6 This
means that Burnham may have produced the first version of his
own turbine in Maryland, not in Pennsylvania as is stated in the
catalogue.

Burnham patented his first invention on February 22, 1859;
less than three months later, he sold "one of our 22-inch Improved
Jonval Turbines" to Brightwell & Davis of Farmville, Virginia.7 It
is easy to understand how Burnham became interested in turbines,
since his father, with whom he worked until 1838, was a mill-
wright. He was not one to miss an opportunity; therefore, draw-
ing on the millwrighting experience of his youth, he must have
been impressed with the turbine as a potential substitute for the
old style waterwheels.

The initial impetus for Burnham to start production of the
Van Dewater turbine at Laurel, Maryland is explained by the high
concentration of the milling industry in Maryland and Virginia.
By 1860, Baltimore was both a great milling center and flour mar-
ket. Approximately one million barrels of flour were marketed an-
nually, about half of which was milled in that city, with the rest
brought in from the surrounding counties. 8 In 1860, the state of
Maryland had 424 flour mills and, while the number of mills de-
creased, "capitalization grew larger, machinery more specialized,
technique more skillful." Kuhlman concludes with the statement
that "in 1825, it was claimed that Baltimore was the largest flour
market in the world. In 1860, it was second only to New York."10
Richmond, Virginia, ranked third in importance with 400,000 bar-
rels of flour milled annually. Among other things:

Her chief advantages were the water-power of the James River and
the wheat supplies of the James Valley and the interior valleys of
Virginia. Just before the Civil War, Richmond was drawing wheat
from eastern Tennessee, western North Carolina, and northern Geor-
gia. Her mills were the largest of the time and the first to illustrate
the advantages of large scale production.11

It was not coincidence that Burnham started production in



Maryland and sold his first patented turbine to a flour mill in
Farmville, Virginia. Burnham's decision to move to York was prob-
ably caused by the unsettled political conditions prior to the Civil
War. After the war, he continued to cater to the southern market.
Since the majority of Burnham's turbines were sold through mill-
wrights, a network of millwrights in the south explains why the
bulk of turbine sales occurred in that area. Burnham's desire to
cater to the southern market is well illustrated by his attempt to
set up a sales office in Richmond, Virginia, in 1878. Edward sum-
marized Burnham's plan as follows:

You propose to rent a store in Richmond Va., and make it head
quarters for the sale of your wheels. You propose also to keep in
stock wheels belonging to Christiana Machine Co., together with sam-
ples of various other articles manufactured by same Co., and that in
order to conduct the -business to advantage for the Co., as well as
yourself, you ask that the Co. furnish two assistants in the persons
of your sons Frank and Willie, and that they be allowed and paid for
their services by the Co., the same as though employed here, and
be subject to same article of agreement as entered into when our
Co. was formed.12

It was not until October, 1879, that Burnham actually moved to
Richmond and set up his office. But by January, 1880, "his wife's
health failing he moved back to York, Pa."13

A third reason for the concentration of Burnham turbine sales
in the south was that Burnham's turbines were designed to meet
the specific needs of the southern milling industry. They were small
units, built with a vertical shaft to operate under low water pres-
sure. By contrast New England's textile industry required large
turbine units, built with a horizontal shaft to operate under high
pressure and produce large quantities of horsepower per unit. As
already noted, Christiana's failure to develop such a turbine tech-
nology was a major misjudgment.

The importance of the millwrights is seen in Edward's con-
stant attempt to get a foothold with other firms' millwrights: "We
notice you are agt. for the Leffel Wheel but you may now and then
come across parties who will not buy it and in such cases you can
recommend our wheel as first class." 14 As long as business condi-
tions were prosperous, the Broomells and Burnham made every
effort to protect the millwrights by refusing to sell to the mill
owner directly at less than list price. But with the onslaught of a
depression, the situation changed radically. In March 1886, Edward
wrote J. M. Seibert assuring him that they would do what they
could to protect their millwrights by making their prices as com-
petitive as possible:

Our prices thus far for present year are about as they were last
year. We made nothing last year and as materials and labor are no
less in price but a little more on many things there seems to be no
chance to get down much on our goods. At same time we want to
retain your trade and will do the best for you we can at all times.
And when you have any considerable order to place we will be glad
to have a chance to put you in competition with others, and if beaten
will not complain.15



Yet two months later Edward wrote Burnham that protection
of the "middle man" was impossible, given business conditions:

. . . I am confident as you say that the time is about past for selling
any kind of goods where there is any competition at fancy prices or
even at prices that will afford much for 'Middle Man.' Times are
extremely dull as all admit, and manufactures will do anything to
make a sale hence those who attempt to protect agts. in good fat
commissions are left almost every time. So it seems to me that some
arrangement should be made to sell at a reasonable profit on manu-
facturing prices and sell more goods to make up the difference.

. . . Now if you can think of any plan by which goods can be
sold direct to consumers at fair profits and in good quantities let us
'go for it'.16

So much for protection of the trade. But the millwrights, even
when directly "cut out" of a commission on a contract, tried to get
something for their "influence." Edward, mindful that when the
"dull season" was over the millwrights would again order much
of his turbine output, usually made some concession. The follow-
ing letter illustrates this situation, and it is also a splendid de-
scription of the lack of collusion in the industry:

Burnham Bros. have sent us the correspondence between you and
them concerning quotations on Machinery to Cherokee Falls Mfg.
Co. We are very sorry our trade in general, cannot or will not adopt
some fixed rule of discounts to consumer and the trade so that the
trader could have certain protection. As it stands everyone works on
his own book and sells all he can at what he can get. Hence when
it is not known there is a millwright interested all are very likely
to cut close to secure the order. We are sorry we could not have
known you were interested in this cash. As it stands, if this order
when received is such that it will offer you anything we will be
pleased to give you a little on it-17

With the end of the 1884 depression, Edward set about the
task of rebuilding his network of millwrights. The split in the part-
nership in 1889 provided him with an excellent opportunity to
blame everything on Burnham Bros. There was also the added in-
centive of attempting to induce Burnham's millwrights to patron-
ize Christiana's balanced gate turbine. The fact that Christiana
sent 42 per cent of its turbines to the South is a good indication
that Edward was at least partially successful. Below is part of a
letter to D. J. Hyden, Lyndhurst, Virginia, one of Burnham Bros.
best millwrights:

You will remember in June, 1886 Burnham Bros. commenced to ad-
vertise that they were selling their wheels at "Cost at Manufactur-
ing and Advertising" (rather a thin statement to make as they have
since learned). Well this had the effect to almost kill their business
for the past two years and to regain it, they were forced to advance
prices and reemploy their mill wrights, and allow them a fair com-
mission, hence they felt they should manufacture their own wheels
and save that little profit our company was getting on them. So now
that we have bought them out and declined to build the wheels at
prices they offered they are about buying an old defunct Co. at Glen
Rock near York which they will put in shape and as soon as our
stock of wheels is worked off they will be made there. We will con-
tinue the business under the same name and management as here-
tofore and will serve our customers with the very best goods in our



line at reasonable prices. And we are preparing to put a water
wheel on the market in which the objectionable features of their
wheels will be as far as possible avoided. If you are under no obliga-
tion to Burnham Bros. or their wheel we will be glad to explain
about what our wheel will be and as soon as we have some printed
matter ready will supply you. We have always considered you our
customer and hope to retain you.

Please treat this confidentially and drop us a line, whether or
not you must continue to sell the Burnham wheel if we can satisfy
you we have something better.18

It would be interesting to know who Burnham Bros. blamed
for circumventing millwright commissions — most probably the
Broomells. Edward, of course, was blaming the Burnhams for
something for which he had seen the necessity two years earlier.
When the depression of 1896 struck, and firms in the industry cut
prices to restore sales, Christiana was forced into the same situa-
tion. Having no one to blame, Edward had to concede it was com-
pany policy: "You know, of course, how it was during these times,
everybody is fighting to make sales and will cut rates as low to con-
sumers as to dealers often in order to make a sale, and to protect
ourselves we have to do some of this same kind of work."19

The Broomells were responding to an industry structure and
market conditions totally beyond their control. Emerson's descrip-
tion of the industry's "ruinous competition" was no empty phrase.
When sales dropped and prices were lowered to check that trend,
the millwrights were the first to feel the squeeze. The fact that
after every depression Christiana went back to dealing through mill-
wrights is a good indication that they provided a valuable market-
ing service that only a depression could negate. Since the Broomells
had no traveling sales force in the South, the millwrights became
in effect manufacturer's agents. At one point the Broomells were
considering using one of their employees as a traveling salesman,
but this idea did not materialize because Burnham refused to give
them exclusive control of Pennsylvania and New York for sale of
his turbines. They proposed this because S. Morgan Smith and
other turbine manufacturers were visiting various mills in an at-
tempt to expand sales. Thus, Christiana's dependency on the mill-
wrights was substantial, and this explains why they were only "cut
out" when depression conditions made drastic price cutting neces-
sary to maintain a minimum amount of sales. By 1914, the econ-
omy had shifted almost entirely to steam or electricity, and Ed-
ward, looking back on the demise of the millwrights, eulogized
them as follows:

Referring to this water wheel business, some few years ago, the
trade was nearly all handled by local mill wrights, who sold them to
their customers and received a small commission on the wheels, and
generally they sold in connection with them quite a bunch of ma-
chinery for milling purposes of various styles. You know of course
that the local milling business, as far as flour making is concerned,
has almost ceased, and that work is done by large mills principally
in the West . . .20

A break down of industrial users of Christiana's turbines by



type of manufacturing operation was constructed from testimonial
letters which appeared in one of Burnham Bros.' catalogues and
one of Christiana's. A total of 176 letters were printed in the two
catalogues, and of these 98 contained a notation of the type of firm
using Christiana's turbines as a power source, including 96 in flour
and grist mills, 38 in saw mills, 18 in cotton gins, and 4 in cotton
presses. There is double counting in the sense that some turbines
were used to drive machinery for more than one of the manufac-
turing operations. For example, J. S. Gramling & Bro. of Gaffney
City, South Carolina stated that "we run a saw mill under 8 foot
head, also a grist mill and a cotton gin under the same head."21
This was not an uncommon practice, for twenty-one letters mention
a combination of the manufacturing operations. Also, the use of
more than one turbine was not uncommon—twenty-five letters men-
tion more than one turbine in use. One saw mill in Ontario, Can-
ada was "using six of your wheels, all sizes from 9 to 36 inches,
under heads varying from 16 to 33 feet . . ."22

While this is a very small sample of the total number of tur-
bines sold by Christiana, it does present at least some empirical data
on industrial users. It also seems to conform well to aggregate
national data for the use of turbines. In 1889, the use of turbines
was concentrated in "flouring and grist mill products;" this industry
had 10,157 turbines producing 234,310 horsepower out of a total of
752,365 horsepower being utilized. 23 Second in importance was
"lumber and other mill products from logs or bolts" with 3,763 tur-
bines producing 112,218 horsepower out of a total 961,316 horse-
power being utilized in the industry. 24 This is notable because saw-
mills were one of the first, and the largest single users of steam
power as early as 1838. 25 Thus as late as 1889, sawmills used tur-
bines to produce about 12 per cent of the industry's power capacity.
Census data for cotton ginning show only sixty-eight turbines pro-
ducing 961 horsepower out of a total of 28,731 horsepower. 26 These
data would seem to indicate that the industrial users of Christiana's
turbines conformed closely to the national data.

The testimonials also mention a variety of other industrial ac-
tivities. A thirty-six inch turbine was used to power "wheel and
spoke machinery" for the Penn Yan Wheel Co., Penn Yan, New
York." H. W. Jewett & Co., Gardiner, Maine, was using three tur-
bines and "sawing over 10,000,000 feet of long lumber a year, with
one rotary saw, with a 48-inch wheel under 14 foot head; two
shingle machines and Clopboard machine on 36-inch wheel; gang-
edger and double lathe machines on 42-inch wheel . . . "28 Two let-
ters claimed Burnham's turbines drove "wool-carding" and "woolen
machines," also "planing and notching machines"; and finally, two
cotton factories, a knife factory and a paper mill were also men-
tioned.

With such a large number of firms in the industry and so many
styles of turbines, it is impossible to determine exactly how ex-
tensively Burnham's innovations were imitated. Both Burnham and



the Broomells were well aware, however, that patent infringement
was rampant throughout the industry, and company records con-
tain some discussion of the situation. Product differentiation was
limited in some cases to catalogue advertising. An interesting ex-
ample of this is the Lancaster Wheel Company, Lancaster, Penn-
sylvania. This firm imitated Burnham's 1874 model turbine to the
extent that on two different occasions it ordered outer cases for its
turbines from Christiana. The records are marked "1-15" Old Style
Outer Case" and "1-18" Outer Case from Old Pattern."29

A second imitator can be traced directly to Christiana's own
foundry. The name of the firm was the Mercer Wheel Company,
West Chester, Pennsylvania. Edward wrote the following about the
Mercer Company:

.. . we manufactured the Burnham Turbine Wheel for 25 years or
more and while we were building it a man by the name of Mercer
who was one of our molders in the Foundry, conceived the- idea of
getting up a wheel of his own. He copied the Burnham wheel we
were then making as closely as possible to evade any patents, and
having no means to conduct the business he sold out to T. B. Mercer,
a man of the same name but not at all related. This man had the
wheels made by some machine shop in West Chester, Pa., for a few
years, but the establishment was burned out and all of his pamphlets,
patterns, etc., destroyed. As his business had been very limited it
did not seem worth while to continue it so it was dropped entirely.30

The firms presented thus far were small, serviced a local mar-
ket, and lasted only a few years. For example, the Lancaster Tur-
bine Wheel Co.'s catalogue lists forty-five turbines in the testimon-
ials covering the period 1885-1893. Of the forty-five turbines, thirty-
four were sold in the state of Pennsylvania, and only eleven else-
where. 31 But the third imitator. S. Morgan Smith, York, Pennsyl-
vania, was the exception. Bidding against Smith, Edward noted
a patent infringement by Smith on the Burnham turbine:

Replying to your fav. concerning Turbine Wheels would say the Suc-
cess sold by Mr. Smith of York, Pa. is for anything we know a fairly
good wheel, it is a combination of several. We know it to be an
infringement on the Burnham and was so decided by legal process
and he now pays Mr. B. a stated sum on each size wheel sold. Mr. S.
has the reputation at home of being a sharper, and as one of his
neighbors (a Mr. Small) remarked, if you deal with him at all have all
down plainly in black and white or he will take advantage of you.32

Using Burnham's basic innovations, and those of other entrepren-
eurs, Smith developed a turbine technology suitable for hydroelec-
tricity. Unlike the others, S. Morgan Smith became a major firm
in the turbine industry. In 1907, a local history of York County
described the firm as follows: "This company, employing 500 men,
has installed a turbine outfit in the city of Jerusalem, in the Holy
Land, and many of them in Japan and Russia. A number of these
wheels are in use in the Niagara Falls power houses, being the only
American make of wheels in those plants." 33 S. Morgan Smith was
purchased by Allis-Chalmers in 1959.

The fourth imitative firm was the Christiana Machine Com-



pany, with its balanced gate turbine, introduced in 1889. Enough
has been said elsewhere to make repetition unnecessary here. It
must be noted, however, that from Christiana's balanced gate tur-
bine there appears the fifth and final imitator mentioned in com-
pany records. Technically, this imitator differed from the others
in that he paid voluntarily to use Henry Broomell's balanced gate
turbine. Of course, Henry had never compensated the Burnhams
for their father's "earlier" contributions to his turbine. On May
20, 1901, Henry received a letter from Carlos Mendizabal, Bara-
caldo, Bilbao, Spain, inquiring if he would sell manufacturing
rights for his turbine in Spain. Henry had been receiving 10 per
cent of Christiana's selling price as royalty for his balanced gate
invention and this was his initial offer to Mendizabal. 34 After some
hard bargaining, Henry eventually settled for 5 per cent.35

On September 24, 1901, Henry sent Mendizabal the drawings
and a contract for his signature. Henry heard nothing from him
until June 3, 1903, when he was informed that Mendizabal had
built a "modern and up-to-date plant" and had started manufactur-
ing "Turbine Wheels and other machinery." Henry was "a little
surprised" to learn that Mendizabal's first turbine was a "double
one," because he had supplied no drawing for that style. 36 How
many of Christiana's turbines were made in Spain, it is impossible
to determine; although Henry did receive a royalty check for $21.48,
and furnished turbine blueprints of "our latest improved construc-
tion." 37 No further information appears in company records, al-
though Henry may have carried on a private correspondence. In
the last letter to appear in the copy books, Henry wrote Mendizabal
"so far as our dealings are concerned, it is an individual matter and
the name of my company need not appear on anything that you may
have occasion to send me." 38 With this statement the matter dis-
appears from Company records.

What has been presented is information on only those firms
which imitated Burnham's inventions and whose imitations were
mentioned in company records. Undoubtedly, there were many
other imitators but exact information is lacking. In Burnham's per-
sonal statement to his customers he warns them that "an inventor
is 'one who finds out something new.' A patentee is 'one to whom a
grant is made, or a privilege secured by patent.' In the wheel busi-
ness there are few of the former, but many of the latter, with
worthless claims." 3 9

CHAPTER VII

THE SHIFT IN MARKET AND TYPE OF POWER
TRANSMISSION EQUIPMENT 1887-1914

The year 1887 was a landmark in the firm's development. De-
cisions concerning new products and markets determined the trends
in the firm's production to the present day. These decisions offer



a contrast to those made concerning the Burnham automatic steam
engine and the Burnham improved standard turbine. The depres-
sion of 1884 had made Edward Broomell very security orientated;
however, by 1887, business conditions had improved: "There cer-
tainly can be no reason why we can't make some money if times area all fair and the indications all point to good times in the near
future."1

Which of the partners first suggested attempting to cultivate
the Philadelphia "trade" it is difficult to say, but from the tone of
the letters it was most likely Burnham. He suggested setting up an
office in Philadelphia, and while Edward conceded "that a place in
Phila. if properly handled would pay the Co.," he also added it
"would have to pay its way or it would soon swamp us since we
have no money now days to spare." 2 Unlike the automatic steam
engine, everything from the beginning was "properly handled."
The first things that had to be done were the redesign of pulley pat-
terns and a general canvass of the Philadelphia market. Edward
had been corresponding with individuals in Philadelphia concern-
ing Christiana's pulley patterns as early as September, 1886:

We are glad to have the suggestions concerning our pulleys- We have
known for some time that some of our small pulley patterns were
not just what they should be when it came to factory work which we
presume is where you use most of them. So we will have patterns
overhauled and try and make them suitable for your trade.3

Before 1887, Christiana's pulleys were designed to transmit
small quantities of power in the milling industry. But the capital
goods industries, manufacturing machine tools, cement mixing
machinery, brick machinery and steel mills required greater
strength and accuracy of design to transmit the greater horsepower
necessary to drive such machinery. Adaptation of Christiana's pul-
ley patterns to meet the needs of the capital goods industries was a
major technological change in the long run. Besides modifying pul-
ley patterns, Edward wrote Burnham that "Thos. is going down [to
Philadelphia] this afternoon or tomorrow morning to run around
and see what he can do in way of finding new customers . . ."4

The results of these preliminary activities confirmed Burn-
ham's prognostication and convinced Edward that the Philadelphia
market had great potential. John Seibert, one of Christiana's em-
ployees, was sent to Philadelphia to rent office and store space com-
mencing January 1, 1887. It was decided to rent "a half interest in
the room and basement store" at 206 North Fourth Street, Phila-
delphia from the J. D. Petty Co. "for $325 annual rent and one half
the gas bill." 5 Expectations for the success of the new venture were
running very high. Edward estimated that the expansion into the
Philadelphia market would mean "at least doubling our business."6
To illustrate further Edward's expectations of success, the follow-
ing letter to Burnham shows what Edward expected and how he ex.
petted to accomplish it:

Now if we put two men in Phila. (a larger place than Christiana,
and many more chances to strike good jobs) whose duty shall be



solely to work up trade I fail to see how it can result otherwise than
at least doubling our business. Then if we can reasonably expect to
double our trade, we should be making preparations to fill the orders
that may come promptly. We should have men enough in the
Foundry to cast every other day and shortly every day. And enough
in machine shop to use up the castings as fast as made aside from
what we ship in the rough. Which should be a good deal in a short
time. I think we should make the work and then force the sales,
not make the work after sales are made, except of course such as
must of necessity be made after it is ordered. To do all this we must
have more working capital. I would say we should have $5,000 cash
capital so we can work to good advantage, carry a good stock of
sum and work up everything in lots. After we are started we should
either borrow money as a Co. or get some one to take stock to above
amount and I think the first would likely be best- There certainly
can be no reason why we can't make some money if times are at all
fair and the indications all point to good times in the near future.
Already many large concerns have orders for months ahead, and
this is all the better for small establishment.7

What makes this situation so different from the episode of the
automatic steam engine, for example, is that Edward completely
underestimated the demand for pulleys in Philadelphia and the
other city markets. By June 1, 1887, Edward wrote to a local cus-
tomer that "we have a big run on pulley castings and are shipping
hundreds weekly to New York, Phila., Wilmington and other
points." 8 Notations in Order Book 2 such as "E. G. Broomell says
we will reach 500 orders by July 10 / J. M. Seibert says we reach
500 orders by July" and "3368 pulleys to date" (notation under-
lined by Edward) indicates the surprise of the firm's management
at the extent of its new-found market for pulleys. The Philadelphia
office of the Christiana Machine Company lasted only a year and
was closed in December, 1887. From then on, Christiana's sales
efforts were conducted directly from the office at Christiana and
from Henry Broomell's home in Philadelphia.

At no time did Christiana sell as many as a thousand pulleys
in any year before 1886. In 1886, it sold a total of 1,144 pulleys,
but after that year pulley sales increased substantially. A total of
3,904 pulleys were sold in 1887; a peak of 6,834 pulleys sold for the
period was reached in 1890. Pulley sales dropped below the 1886
sales level in only one year between 1887 and 1912 (1908, 894 pul-
leys sold). Total sales for the period amounted to 99,033 pulleys,
with 93 per cent thirty-six inches or less in diameter.

Christiana's pulley sales peaked in 1890, and although a de-
clining trend was present, sales remained fairly high until 1905.
The recession in 1906-1907 caused a sharp drop in pulley sales
which was never recovered. Technological change in the capital
goods industries was primarily responsible for the decline in pulley
sales. Manufacturers of such equipment as machine tools, cement
mixing and brick forming machinery, and paper mill machinery
were shifting from belt driven to direct-drive, gear-controlled ma-
chinery. The increasing sales of Christiana's gears, discussed later
in this chapter, was part of the shift in the type of power transmis-
sion equipment utilized by the capital goods industries.



Although only 7 per cent, or 5,390 of the pulleys were thirty-
seven inches in diameter or larger, their individual weight ranged
between five hundred pounds to several tons. Therefore, even
though quantitively small as a percentage of total sales, individually
they were very large units of output. To understand the order of
magnitude involved, Order Book 5 contains an order from the John-
son Forge Co., Wilmington, Delaware, for a sixty by thirty-inch
double brace, double arm, split pulley with an eleven4nch keyseat,
two inches wide, made "extra heavy for band service will carry a
28" D. belt [sic] 140' long run about 400 (revolutions per min-
ute)." This pulley weighed 2,890 pounds finished. In economic
terms, the large pulleys were more profitable than the small ones.
Edward estimated the profit on a 2,525 pound pulley selling for
$100.00 to be $39.00.1°

The importance of the city markets, especially Philadelphia,
should be noted. Out of a total of 99,033 pulleys sold, Christiana
shipped 55,604 to Philadelphia; of considerable less importance
were Wilmington, with 4,790 pulleys, and New York, with 3,359
pulleys. Christiana sold 56 per cent of its total pulley output to
Philadelphia firms, and 64 per cent in the four city markets of New
York, Philadelphia, Baltimore and Wilmington combined. This
trend began in 1887, and in no year between 1887 and 1906 did
Christiana ship fewer than 1320 pulleys (1897) to Philadelphia. In
the peak year of 1890 alone, Christiana shipped 5,027 pulleys to
Philadelphia out of a total yearly output of 6,834.

In terms of the geographic distribution of Christiana's pulleys,
the Middle Atlantic States held a dominant position throughout the
period. A total of 91,839 pulleys, or 91 per cent of total sales, were
sold there. The South received 6,167 pulleys, and shipments to
other areas were negligible. It is interesting to note, however, that
448 pulleys were sold in South America, most of these after 1895.
This was more than were sold in the New England States, which was
probably due to Christiana's turbine shipments to South America
after 1895.

Besides pulleys, Christiana also sold over a 100,000 feet of
shafting between 1877 and 1914 and made a wide variety of other
products associated with shafting, including hangers, pillow blocks,
packing boxes, couplings, shafting boxes and collars. But it was
gears that became the single most important type of power trans-
mission equipment made by the firm. The basic types of gears
made were spur gears, spur mortise gears, miter gears, miter mor-
tise gears, bevel gears, bevel mortise gears, rachet gears and sproc-
ket gears. When the company's turbine catalogue contained the
statement that "we manufactured every style and size of gears,"
it was no overstatement of the situation.11

The "mortise gears" had wooden teeth or cogs made of sugar
maple which was thoroughly seasoned and subjected "to a dry kiln
heated by steam for about two or three week"; this wood had to be



"straight grain, white wood, the hardest that can be had." 12 Al-
though the cogs were made of wood, these gears could transmit
great horsepower; for example, Christiana made a pair of miter
mortise gears to transmit 350 horsepower at 100 revolutions per
minute. 13 The gears other than "mortise" were solid cast iron with
either machine or hand-cut teeth.

Christiana sold a total of 11,895 pairs of gears and 31,814 sep-
arate gears between 1877 and 1914. Spur gears were the largest
single item sold, with bevel gears second in importance. As was
true for the other types of power transmission equipment, the year
1887 marks a sharp increase in total sales. The firm's concentration
on this type of equipment resulted in a continuous rise in sales
throughout the period. After the turn of the century, Christiana
began to concentrate more and more on gearing and was constantly
changing and improving its gears. In spite of a complete loss of all
gear patterns in the 1883 fire, Edward claimed in 1889: "Our list
of Gearing is we think unequaled by any shop in the state." 14 The
economy's constant demand for more horsepower required the
means to transmit it, and thus the Broomells were constantly in-
creasing the strength of their gears.

The major city markets became most important after 1887 for
the sale of gears; however, New York, and not Philadelphia, was
the leading sales area. Total sales in New York amounted to 1,022
pairs and 4,950 separate gears; Philadelphia received 755 pairs and
3,513 separate gears; Baltimore received 668 pairs and 1,714 sep-
arate gears; and in last place was Wilmington, with 14 pairs and 38
separate gears. Increased gear sales in New York after 1900 were
caused by the declining importance of Philadelphia as a center for
the production of capital goods and the increasing importance of
New York for such equipment as cement mixing and paper mill
machinery. For example, in the paper and pulp industry "New York
ranked first, not only in the number of establishments, but also in
amount of capital invested, in number of wage-earners and wages
paid, in cost of material, and in value of products." 15 Individually,
some orders from firms in the city market were very large. The
Ransome Concrete Machine Co., New York City, ordered at one time
525 cut spur gears in 1907. The importance of the city markets is
indicated by the fact that, together, sales in these four cities
amounted to 20 per cent of the pairs of gears sold and 30 per cent
of the separate gears sold between 1877 and 1914.

The bulk of gear sales occurred in the Middle Atlantic States,
with that area receiving 7,528 pairs and 26,011 separate gears. The
South was second in importance with 3,698 pairs and 4,094 separate
gears, followed by New England and the Middle West. Other areas
purchased only negligible amounts of gears; however, the South
American market had some unusual product requirements. Be-
cause of poor transportation facilities in the South American coun-
tries, some of the equipment sent there had to be "sectionalized"



for "mule transportation." Christiana, for example, made for Mar-
cus Mason & Co. a spur gear twelve feet in diameter, with a five-
inch face, weighing 1,464 pounds. This gear was made in eight
segments.16

One does not have to look far to discover the motivation in-
volved in the decision to produce pulleys for the city markets.
Clearly, profit was the motive. As evidence for this, Edward sent
the following cost analysis to the office in Philadelphia:

We would like to have a run on fly wheels and pulleys in such
weights and sizes as we can handle well. To give you an idea how
we can come out on large pulleys I will give cost of the 98 x 26 split
sent to New York a few days since:

Casting in rough 	 2525 lbs. cost of Iron 	 $27.50
Moulding, 57 hours @ 20c 	 11.40
Moulders help 	 3.00
Melting 	 2.50
Splitting, turning, cleaning & bolts 	 9.25
Help 	 2.35
Paint 	 1.00

$57.00
Freight to New York 	 4.00

$61.00
Price 	 100.00

Profit 	 $39.00

It was a splendid pulley. This memorandum may serve you as a
guide sometime. In this case everything went off well. Split nicely
and turned nicely and required no balancing. We might make it
again and not do so well so on all heavy work we must have a fair
margin or we are liable to lose. We must have been lower than
other bidders or we would not have- gotten it. Our bid was $95.00
for 98 x 25, they added 1" in width and $5.10 to price.

Make it a point if you can to get some orders for finished pul-
leys. We know they pay. And we can turn them out pretty fast.17

The reason Christiana was able to expand its sales of power
transmission equipment, as opposed to the poor showing of Burn-
ham's engine, lies in the Broomells' handling of decisions involving
uncertainty. Attempts were made to determine the potential de-
mand for power transmission equipment in the city markets. For
the first time company records indicate that the Broomells at-
tempted to hedge against the risk arising from uncertainty. Before
an investment was made in new machine tools or an office in Phila-
delphia, the market was canvassed to determine the potential de-
mand. No such precaution was taken with Burnham's engine. The
existence of a market for power transmission equipment grew out
of the process of "technological convergence" and the concentration
of the machine tool industry in Philadelphia.

By 1880, the capital goods industries were beginning to shift



from multi-dimensional firms producing a variety of products, to
firms specializing in few closely related products. The best example
of this process is the machine tool industry which became a "dis-
tinct branch of industry," according to the American Machinist, in
1879. 18 The phenomenon of "technological convergence" made this
possible. A few types of machines, doing a relatively small number
of operations: turning, drilling, milling, planing, grinding, polish-
ing, etc., but which were applicable to the production of a wide
variety of consumer and capital goods, made possible a collection
of firms all producing such tools. 19 Moreover, according to Rosen-
berg, "all machines performing such operations confront a similar
collection of technical problems, dealing with such matters as power
transmission (gearing, belting, shafting), control devices, feed
mechanisms, friction reduction . . ." 2° Each one of these technical
problems, in turn, gave rise to firms specializing in products which
provided a solution. For the Christiana Machine Company it was
power transmission equipment which became its specialty.

Conditions seemed to be perfect for Christiana to develop its
role as a specialized producer of power transmission equipment. As
early as 1860, firms in Philadelphia were specializing in heavy,
high-priced machines for forming metal. The largest of the early
machine tool producers, William Sellers & Co., Inc. and Bement &
Dougherty, were located in Philadelphia, and together produced
machine tools worth $240,000 in 1860 and $675,000 in 1870. In
1882, Philadelphia still held "its dominant position as a producer
of large tools. 21 One contemporary observer reported ten firms
employing 1289 hands and turning out $2,225,750 worth of "iron
working machine tools" in 1882. 21 Although Philadelphia firms pro-
duced at least 30 per cent of the nation's entire output of machine
tools between 1860-1870, the geographic center of the industry
shifted first to New England, especially Connecticut, and then to the
Midwestern states of Ohio and Illinois. However, the Middle At-
lantic states and Philadelphia still remained important producers
of both machine tools and metal working machinery throughout the
period 1877-1914.23

When Thomas Broomell and John Seibert visited various manu-
facturers of capital goods, metalworking machinery producers, for
example, they found a ready market for unfinished pulleys. Such
firms as the Newton Machine Tool Co. and the Philadelphia Machine
Tool Co. in Philadelphia; the Remington Machine Works, the Stand-
ard Tool & Machine Co., and the Delaware Machine Works in Wil-
mington, Delaware; and finally E. P. Bullard, the Globe Machine
Co., and the Edison Machine Works in New York all made large
purchases of Christiana's pulleys. A wide variety of other capital
goods producers of such things as cement machinery, brick machin-
ery, wool and paper mill machinery, and iron and steel foundries
and roller mills also provided a ready demand for Christiana's
equipment.

In November, 1882, the American Machinist published a fairly



complete list of machine tool builders in the United States. Out of
a total of 132 firms, forty-eight, including Christiana, were located
in the Middle Atlantic States; four in New York City; sixteen in
Philadelphia and Germantown; and two each in Baltimore and Wil-
mington. 24 This concentration of the machine tool industry within
easy reach of the Christiana Machine Company provided a ready
market for its power transmission equipment, and especially for
its pulleys. As Ross Robertson's research indicates, the firms in
the Philadelphia area were probably the largest individual produc-
ers of machine tools in the country in the 1880's. 25 Technological
convergence and industrial concentration made possible Christiana's
role as an ancillary support firm for other capital goods firms,
especially machine tool producers.

Even with a canvass of the city markets, the Broomells could
not have known the exact extent of the market. Based on his infor-
mation, Edward estimated "at least doubling our business" but as
the sales data indicate, the increase was considerably more than
that.26 Technical changes initiated before the full extent of the
market was determined involved considerable risk. Modification of
pulley patterns in 1886 can be taken as a case in point. Yet the
considerable reward in terms of increased sales seems to have justi-
fied such a procedure.

Related to modifying their pulleys for a particular market was
an aggressive sale's policy to cultivate that market. Setting up an
office in Philadelphia was a considerable change from previous mar-
keting policies. Before 1887, all goods were sold through a system
of local millwrights scattered throughout the Middle Atlantic and
Southern States. Christiana advertised in the standard trade jour-
nals. After 1887, Christiana had, through the Philadelphia office,
a traveling sales force in Edward's words "to strike good jobs" and
"force sales." 27 The office in Philadelphia was closed, but Henry
Broomell, who lived in Philadelphia, continued to act as Christiana's
sales representative in the Philadelphia and New York area.

Christiana, when bidding against other firms for pulley orders,
seemed to have a cost advantage. While company records are frag-
mentary concerning the development of special machine tools to
make power transmission equipment, some information is available.
Christiana purchased a pulley lathe from the Putman Machine Com-
pany, Fitchburg, Massachusetts, in December, 1881. The Broomells
immediately noticed several defects, among them that "the cone in
counter shaft runs nearly 1/8 inch out of true at large end and about
half as much at small end." 28 More serious was the limited 1/16
inch cut of the tool, and Edward made it quite clear that they ex-
pected at least a % inch cut. At the prices received for finished
pulleys, Christiana could not hand file them if a 1/16 inch cut was
not sufficient to trim them.29

It must have been quite exasperating for Putman, one of the
most experienced machine tool producers in the United States, to
have this small town machine shop tell them how to build a pulley



lathe. Putman's troubles with this tool were only beginning, for
eleven days later they received a second letter cataloguing more de-
fects, including a "looseness of journal in main bearing," which
caused a loud "chattering." 30 Even though S. W. Putman came from
Massachusetts to inspect the lathe, Christiana received little satis-
faction. So in March, 1882, the lathe went back with the following
letter:

Since Mr. S. W. Putman was here we have given the pulley lathe
still further trial, with results so unsatisfactory that we have deter-
mined to return the machine to you. We can't afford to pay so large
a price for a tool that will do so little and at the same time work
that is so unsatisfactory when done. In fact it would not pay us to
keep it at any price since the expense of running it is just as much
as it would be to operate a tool that would do two or three times as
much. Mr. S- W. understands well its defects as the matter was all
talked over when he was here, we are disappointed that the lathe is
not satisfactory as we need the use of one all the time, our foreman
abandoned the tool some time since saying it didn't pay to waste time
on it.31

At this point the Broomells' ingenuity came to the surface with
their "special pulley boring mill' on which they began work in
February, 1882. 32 There is no record of a description of this ma-
chine, and it was never patented; but in April, 1883, Edward made
Craig Ridgway & Son the following offer: "We have new special
pulley boring and turning machinery by which we are able to finish
large number in short time and can offer you finished pulleys at
20% off our list of 79 on all sizes above 20 in. diameter, 10% for
smaller ones." 33 If this letter is any indication, it must have taken
Christiana about a year to develop this tool to the point where it
was advantageous to make a special discount on finished pulleys
to good customers.

In 1901, Christiana's sales of gears exceeded 500 pairs and 1000
single gears per year for the first time. Faced with this increased
demand, the Broomells contemplated purchasing a Brown and Sharp
automatic gear cutter by 1904. A year later they were still "con-
sidering the matter of buying a gear cutter," but thought the Brown
and Sharp machine "pretty high priced" although "about the best."34
True to their earlier behavior pattern when faced with a similar
situation for pulley machinery, they proceeded to make their own
gear cutter. It is difficult to determine if this tool equaled or ex-
celled Brown and Sharp's in the amount or quality of work done,
but obviously the Christiana tool represented a substantial savings,
on the basis of initial investment, over the Brown and Sharp ma-
chine. The quality of Christiana's gear cutter is indicated by the
fact that it was removed from the machine shop, still operational,
in the early 1950's.35 Its total length of service had been almost
fifty years.

Why the Broomells never had any of their own machine tools
patented is a mystery about which company correspondence offers
no solution. One has only to consider that the Broomells were not
hesitant to patent anything with commercial prospects, as for ex-



ample, Henry Broomell's improved animal trap, pencil sharpener,
and street sweeper. 36 Not patenting tools is not unique to the
Broomells, for American history has examples of this from the
earliest days of the march toward industrialization. Eli Terry in
the early clock industry had nine patents for changes he made in
clock mechanisms but not one for improvements he made in his
machinery for making clocks. 37 One possible explanation was a fear
by the Broomells that once their tools were patented and thus made
public, other pulley producers would imitate them and enjoy the
same cost reductions.

One very sharp point of contrast between the decisions made
in trying to develop Burnham's engine and those made for power
transmission equipment was a much greater cost consciousness.
Edward warned the "boys in Philadelphia" that a miscalculation of
"1/10 of a cent per pound on 5000 lbs. would be a loss in money of
$50 besides the loss in time that should make us much more than
that." 38 This new awareness of the importance of cost control was
most distinctively exhibited in the reorganization of the labor force
in the foundry.

On January 31, 1887, Edward wrote Burnham that "we have
hired three of our former moulders making us 8 which is as many
as we need just now." 39 The situation had not changed much by
March because the firm had "plenty of moulders now to run a full
heat every other day."40 The wage rate for moulders, as of March
25, was $1.80 for a ten hour day. But by the end of April, the firm
needed "more moulders badly" and the wage rate had reached $2.00
for a ten hour day. 41 The firm was faced with the situation of a
drastic increase in the demand for pulleys due to its expansion into
the Philadelphia market, on the one hand, and on the other, diffi-
culty hiring additional skilled moulders which resulted in a sub-
stantial increase in the wage rate. To get around this impasse, the
Broomells developed a system of platooning to reduce this most
expensive labor input in the foundry. Edward explained the new
system to Seibert, who was at the Philadelphia office:

The 5 tons per day will be all right after a little but we must get
our force together to do it and want to avoid disappointing new cus-
tomers in time as much as possible. We have arrangements made to
have a gang go right in as soon as castings are poured and take them
out and cut up same during the night so the moulders will have
nothing of this to do but go right to moulding in the morning. This
will make it possible to do with fewer moulders. We can get plenty
of Laborers but moulders are hard to get unless we were in shape to
pay more wages than other places, this we can't do until we can work
prices up a trifle.42-

The plan must have been a success because by May 20, Christiana
had thirty men in the foundry alone. Yet demand was increasing
beyond the capacity of the firm to meet it: "Have recently put on
about 30 additional hands and still have trouble to keep up with
orders."43

This system enabled the Broomells to use to a much greater



extent their cheapest labor input—apprentice labor. Under Christi-
ana's apprenticeship system, first year apprentice boys in the found-
ry got 50 cents per day to unload pig iron, handle heavy castings
and clean castings. The second year they received 75 cents per day
to clean castings and paint finished work, and the third year the
boys received $1.00 per day to learn the art of moulding.44

Adult laborers, who did about the same thing as the apprentices
in the first two years of their apprenticeship, received about $1.50
for a ten hour day. This was Christiana's second cheapest labor
input; therefore, the more apprentices and laborers the firm could
use in place of skilled moulders, the lower its labor cost per unit
of output in the foundry.

The Broomells could have reduced their labor cost even more
if they had adopted machine-moulded pulleys, but although the
idea was much discussed, it was never carried through because of
the high initial investment, the loss on patterns already made for
cast iron pulleys, and the belief that the moulded pulleys were not
as good as the cast iron pulleys for the type of market Christiana
supplied. The "organizational improvements" made by the Broom-
ells in an attempt to reduce their labor cost illustrates how cost
conscious they had become. The problems with the automatic
steam engine and the 1884 model Burnham turbine probably did
much to instill this pattern of thinking in their decision-making.
It is worth noting that when this awareness entered their thinking,
they were able to take advantage of the specialization occurring in
the capital goods industries.

To develop the city markets, Burnham decided more working
capital was needed. The Broomells concurred in this decision and
Christiana was incorporated January 14, 1887. This lasted until
Burnham was bought out two years later. The articles of incorpor-
ation contain the following list of stockholders:

Shares of Stock
Nathan F. Burnham 140
Edward G. Broomell 100
Isaac Broomell 50
John M- Seibert 5
Frank A. Burnham 5

The amount of capital stock was "30,000 divided into three hundred
shares of the par value of $100.00," and officers of the corporation
included four directors—Nathan and Frank Burnham, Isaac Broom-
ell and John M. Seibert, and Edward Broomell as Treasurer.45

As the market for pulleys declined because of the shift by the
capital goods industries from belt driven to direct-drive gear-con-
trolled equipment, Christiana shifted production to gears. Thus, by
1916 Christiana had become a firm specializing in the production
of gears. This is a very important point because it explains why
the firm, although in financial trouble in 1915, did not go bankrupt.



The Broomells were able to sell the firm because of its extensive
facilities for making gears. Christiana's present management stated
that other products such as hydraulic turbines and bakery machin-
ery, were not considered in the purchase, although production of
these items continued after 1915.46

CHAPTER VIII

CONCLUSIONS

For economists the function of the entrepreneur is to hedge
conditions involving large degrees of uncertainty by making de-
cisions in which the probability of success can be rationally cal-
culated. Success or failure in decision-making results in either
profit or loss and the degree of either becomes the index of entre-
preneurial efficiency or inefficiency. For the Christiana Machine
Company in the period 1863 to 1914, the most noticeable trend in
decision-making was the increasing importance of security. Be-
tween 1863 and 1883, the Broomells seemed to be aggressive in
their handling of uncertainty. The move from Homeville to Chris-
tiana during the Civil War, in the face of objections from friends
and depressed conditions in business, indicates their willingness to
assume the risk associated with handling uncertainty. The sorghum
mill, Burnham turbine, flour mill, saw mill, horizontal slide valve
steam engine and the boring and turning mill all indicate that the
Broomells were not timid about handling the uncertainty of intro-
ducing new products.

But between 1884 and 1889, security began to appear as a mo-
tive in decision-making as opposed to maximum profit. The em-
phasis placed on holding onto an established product, instead of
trying to cut losses by dropping the Burnham turbine and intro-
ducing one of their own, was the first indication that security had
become dominant in decision-making. This trend became clearly
established by 1890 and was noticeable in the introduction of the
balanced gate turbine and the Broomells' decision to limit the size
of their turbine units. But the Broomells appear to have been not
completely adverse to handling uncertainty. The shifts in market
and product associated with the expansion into power transmission
equipment serves as the exception to the trend beginning in 1884.

By the end of the nineteenth century, however, security be-
came completely intrenched in the decision-making process. The
Broomells became more unwilling to handle uncertainty. To illus-
trate this point note the following letter to the Lukens Iron and
Steel Co., Coatesville, Pennsylvania:

We have your letter of yesterday in reply to our quotation of the
14th inst. We note that our prices were too high and that you have
placed the order elsewhere- The situation with us at the present time
is such that we cannot do near all the work that is offering; hence
we bid up a little on a good deal of work at this time because we are
not very anxious to get it. We are sorry, however, that we are in



such a position because we should like very much to make all of
your repairs.

We have had under consideration for some time the building of
an additional foundry with capacity for heavier work- If we had this
at the present time it would help us out very much- If some arrange-
ment could be made to take a contract with you for say four or five
years on a basis that would be mutually satisfactory it might help to
settle our minds as to the building of an extra foundry. The only
way we see to make a price for a long period would be to establish
a price for the present that we thought fair between us and have a
sliding scale, either up or down as prices of materials advanced or
declined- Do you think such an arrangement could be made? We
confess it hurts us not to be able to do all the work that is offering-,

Before the Broomells would expand their plant they wanted a
long term, cost plus profit contract. In effect, they wanted to elim-
inate completely uncertainty instead of trying to handle it. When
Lukens refused to enter into such a contract, the Broomells did
not expand their foundry.

A second example of the Broomell's refusal to invest in new
equipment is a gear cutter developed in 1905. Although gear sales
rose sharply in 1900, they waited five years before building an auto-
matic gear cutting machine. In other words, they refused to invest
in new equipment until they were absolutely sure that the demand
for gears would justify the investment.

The conclusion one reaches is that the firm's growth was se-
verely limited by the Broomells' security motivation. In the twenty
years between 1860 and 1880, capital invested in the firm increased
five times, from $6,000 to $30,000. Yet, in the next thirty-five years,
capital investment only doubled from $30,000 to $60,000. 2 Com-
parative data and information on decision-making for firms similar
to Christiana are very limited. Some information has already been
presented for S. Morgan Smith, York, Pennsylvania. This firm got
a rather late start in the turbine industry. It started by manufac-
turing washing machines in 1871 and did not sell its first turbine
until August, 1877. 3 Unlike most of the other firms in the industry,
Smith concentrated on turbines for hydroelectricity and became a
major firm in the industry in the twentieth century. By 1907, Smith
had 500 employees as compared to Christiana's sixty.

Christiana's growth can be placed in some perspective if com-
pared to aggregate data for the national economy. Although Chris-
tiana's capital investment doubled between 1879 and 1914, this in-
crease is insignificant when compared to the increase of 831 per
cent in iron and steel products; 4170 per cent in metal building
materials; and 557 per cent in hardware and tools. Christiana's
growth, measured by the increase in capital investment, was con-
siderably below the aggregate increase for industries manufactur-
ing iron, steel, and similar products.

The more security became a factor in decision-making, the
lower the profits. Christiana averaged 19 per cent on investment
between 1878 and 1883. While comparable data for the years af-



ter 1883 are not available, there is some indication that the firm
was in financial trouble by 1915. The following letter to Christi-
ana's "New York representative," describing a stormy meeting be-
tween the Broomells and the directors of the Christiana National
Bank, indicates the nature of the trouble:

As for notice sent you sometime since, a meeting of the Stockholders
of our Company was held in our office yesterday. Five of the banks
directors and their attorney were present- The first action taken was
to force me to transfer all my stock on the stock register to the bank
by asserting that a receiver would be asked for today if I did not
comply.

This being accomplished they proceeded to hold a stockholders
meeting, and elected four directors, all bank directors including my-
self. After adjournment of this meeting, the directors elected for
president M. P. Kent president of the bank for secretary Henry
Broomell treasurer Samuel Carter General Manager E. G. Broomell.
I asked them how this would affect our New York representative,
they said you could continue to do business with us but could have
no official management, nor could you do anything that would be of
vital interest to the bank, without authority from the new officers,
until such time as you could arrange to liquidate a considerable pro-
portion of the claims of the bank say $6,000 to $8,000, or until we
could do it. As soon as either of us arrange for this all of the col-
lateral will be cheerfully surrendered.

Now if you can arrange to raise this amount of money, and
would buy that value of my stock I could turn the money over to the
bank and C. M. Co. would owe me instead of the bank. This plan
would not furnish any additional working capital but it would for
the present relieve the situation. The suggestion made by me a few
days since of creating a new mortgage would seem to be desirable
but I do not know how difficult it would be to accomplish. I think
the security would be more than ample.

Now the question is, what are we going to do about it. There is
no use whatever in trying to ignore the bank, and the quicker we act
in some decisive manner the better.4

For the period 1915-1920 very little of the Company's records
have survived but interviews with the firm's present management
indicate that the Broomells must have been able to satisfy the bank.
The present management maintains that the firm was purchased
directly from the Broomells and not through the bank, as would
have been the case if the firm were bankrupt. In fact, the Broomells
were retained for several years in a managerial capacity. Never-
theless, the inability to pay off their bonded debt, when due, in-
dicates that profits may have been limited in the latter part of the
period under study. Thus it would seem that the desire for security
kept the Broomells from performing the entrepreneur's major func-
tion in a free enterprise economy—maximizing profit.

Yet, the above discussion is not meant to suggest that the firm
was unimportant. This study has dealt primarily with decisions in-
volving technological change. Increased efficiency and reliability
of Christiana's turbines, changes in power transmission equipment,
and the development of machine tools were all part of the process
of technological change. The first Burnham turbine sold in 1859
was quite an inferior machine compared to those made by Christi-



ana in 1895. Likewise, Christiana's power transmission equipment
was undergoing constant improvements in quality to transmit great-
er amounts of horsepower. To be sure not all of the Broomells'
technological changes were of much value, e.g., the Burnham auto-
matic steam engine. Nevertheless, the technological changes as-
sociated with Christiana's turbines and power transmission equip-
ment were solid technical accomplishments.

As an object of historical research, the Christiana Machine
Company is important as an example of a typical firm in the tur-
bine industry in the nineteenth century. Entrepreneurs as his-
torical characters usually fall into two classifications: those men
such as Carnegie and Ford who command economic events; and
those men such as the Broomells who seemed to be commanded by
economic change. The importance of Carnegie and Ford goes with-
out saying, but the role of the other class of entrepreneurs in the
industrialization process needs much greater study and clarification.
Their accomplishments and rewards were considerably more limited
than Carnegie and Ford. Nevertheless, they are important as ex-
amples of what was taking place in a rapidly industrializing, tech-
nologically changing America. By multiplying the activities of the
Broomells in introducing technological change by thousands of other
such entrepreneurs explains how America became an industrial so-
ciety par excellence.
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