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INTRODUCTION

Tennessee, though not an extremely old state, possesses a rich history of settlement
and technological development. Throughout its existence, the state has witnessed the
genesis, operation, and demise of thousands of mills and factories, representing some-
what distinct phases of industrial evolution. The focus of this study is twofold. First, the
historical development of mills and mill-related industries in Tennessee is highlighted,
with an emphasis on periods of activity and statistics. Second, the surviving mills and
mill sites in the state are discussed, with the aim of providing criteria for qualification as
historic sites. This includes the presentation of a classification system for mills and a field
survey form and handbook to aid in assessment of the candidate site.

To this end, the study has been narrowed to primarily include the three most prevalent
“mills” encountered historically in Tennessee — the grain mill, the sawmill, and the textile
mill. Of course there were many other industries in the state that could be classified as
mills, most of which employed the same types of power sources as the three above. With
the exception of the iron furnaces and forges, these manufacturing establishments were
sparse in comparison with the mills producing grain, lumber, and textile products.

In addition, the study has focused on four historical periods of mill construction and
operation, the first three of which cover approximately forty-year intervals of the state’s
development. These have been termed the Pioneer Period (1777 — 1820), the Pre-Civil
War Period of Early Industrialization (1820 — 1860), and the Late Industrial Period (1860
—1900). The fourth period has been called the Modern Period (post 1900). Although each
of these periods exhibits definitive phases of milling history, it must be recognized that
many overlaps and anachronisms exist throughout the state’s 200+ year history. For
example, numerous “pioneer” mills continued to thrive until the Civil War, primarily in
isolated areas such as the Smoky Mountain region. In fact, some continued after the war,
and family mills possessing pioneer characteristics were built even as late as 1934 (see
page 219). Power sources and machinery for the most part changed with technological
improvements, but again much equipment continued to be used decades after its

supposed obsolescence. This is particularly true of water wheels and millstones.



Tennessee is fortunate to have over 150 extant mills, most of which were grain mills,
representing more or less the periods above. However, of these mills remaining, many are
in disrepair and endangered. Also, practically all are in the eastern two-thirds of the state
(the western portion, although historically heavily populated with mills, is today almost
devoid of extant representatives). Only a very few are operable, and Falls Mill in Franklin
County is the only one producing grain products by water power on a commercial basis
with a wide distribution. No early up-and-down sawmills remain, and very little sawmill
equipment prior to 1900 is known to exist in the state. Virtually all the nineteenth century
textile mills are gone. A few buildings remain, notably Gettys Mill in McMinn County,
Falls Mill in Franklin County, and Great Falls Cotton Mill in Warren County. Falls Mill
is the only textile factory in the state with a full complement of (unrestored) nineteenth
century woolen machinery (although not original to the building). It is very likely that
over the next twenty years, as many as half of Tennessee’s remaining mill structures will
be destroyed from neglect, development, and vandalism. Therefore, this study is timely in
that the state’s milling heritage may be documented and preserved while so much
physical as well as archival evidence remains.

There were four primary sources of information utilized for this study. Archival data
from census and courthouse records was gathered. Also, visits were made to existing
mills and mill sites throughout the state, for the purpose of studying and photographing
typical structures and equipment and assessing archaeological features. Numerous
historic books, catalogs, and documents were reviewed. Finally, the author drew upon his
own eighteen-year experience as an historic mill owner, operator, millwright, and mill
restorer for much of the material presented herein. In order to clarify the narrative, 155

photographs and figures have been incorporated throughout.



CHAPTER 1

SOME HIGHLIGHTS IN THE HISTORY OF MILLING

Reduction of Grains. In its broadest modern definition, a “mill” is simply a factory
in which products are manufactured. The earliest mills, however, were associated with
grain grinding, and evolved from hand methods employed for thousands of years. In fact,
evidence of the reduction of wild grass seeds to a more edible and digestible form may be
traced to the upper Paleolithic cultures in the Aurignacian region of France some 75,000
years ago. A small upper stone was rubbed back and forth across the grain, which was
placed on a lower flat stone. This technique developed over many millennia until rotary
motion was applied to the stones. They were turned by hand, in the case of querns or
hand mills (Figure 1), by animals (Figure 2), then by water and later wind power. Water
powered mills have been known for 2,000 years, and the basic power sources and
transmission devices found in those earliest mills may still be seen today in surviving

examples throughout the United States and the world.

Figure 1. Hand powered rotary quern Figure 2. Horse powered corn sheller and

grinding mill

The first known description of a water powered mill for grinding grain is attributed to
the Roman architect Vitruvius about 19 B.C. In his writings, he describes an undershot or
paddle wheel driving a gear train, which in turn drives a set of small millstones. This is
also the first known practical application of gearing to power heavy machinery. This type

of water driven mechanism featured direct driven millstones, utilizing a vertical shaft



mounted on the lower end to a primitive turbine, and on the upper to the stones
themselves (Figure 3) (Storck 1952). A similar type also survives in a few examples in
the United States in the form of a “tub” mill (see Figure 41), located mainly in

mountainous areas with swift-flowing streams.

Figure 3. Primitive turbine with millstones directly connected.

Whatever the design for transmitting power to the millstones, the important element of
history is the growth of mills as centers of commerce, activity, and community functions.
Their immeasurable importance in removing the individual labor of reducing grain by
hand methods has led historians to consider mills as one of the primary nuclei about
which rural and later major communities evolved. Since the early mills were most
commonly associated with a source of water power, their functions were not long limited
to simply the milling of grains. They became sawmills, textile mills, and factories for the
production of a wide range of goods, including paper, iron, gunpowder, paint, snuff,
tanbark, cider, molasses, crushed ore, oil, and mustard (Reynolds 1983).

After Jamestown, Virginia, was settled in 1607, sawmills were probably more
urgently needed than grist mills, since sawing lumber by hand was quite laborious. The
first grist windmill did not appear until 1621, but by 1649 the colony was well supplied
with four windmills, five water mills, and numerous horse mills. These early mills were

primarily community grain mills operating on a toll system, whereby a portion of the



grain brought in for milling or the milled product was kept as payment for services. The
mill owner was free to use this for his own needs or sell it. The term “grist mill” has
come to be associated with small community mills of this type. The later large
“merchant” mills appearing during and after the eighteenth century bought grain and
milled it for sale or export. Both grist and merchant mills employed millstones for
grinding. These were most often native monolithic stones brought from granite or
conglomerate quarries, or French buhrstones imported and commonly assembled in
segments cemented and banded together (Figure 4). Different techniques and, in many
cases, different sets of millstones were employed for producing either corn meal or flour.
Flour was familiar to the European settlers, since wheat and rye had been cultivated in
their homelands for centuries. Corn, however, was unknown to the earliest colonists.
Native Americans had grown maize in the Northeast for several generations prior to the
arrival of the colonists, but its cultivation history in the Southwest was ancient. Squanto
and other Native Americans friendly with European settlers taught the newcomers how to

plant and grow maize or corn, and the crop quickly became a staple (Storck 1952).

Figure 4. Monolithic native granite millstone on left; segmented French buhrstone on

right. Both stones have trammels in place for checking shaft perpendicularity to bedstone.

Logs to Lumber. Saw milling also grew in importance during this settlement period.
The English were accustomed to frame houses (log construction was brought to the New
World much later by the Scandinavians and Germans). Before water was harnessed for
sawing, pit saws were in common use (Figure 5). They required a great deal of strength,
endurance, and accuracy to produce a usable plank, so it was natural that the process was

a prime candidate for mechanization. The first sawmills employed the same principles as



pit saws, using a reciprocating, vertically mounted straight saw blade powered off a type
of small undershot water wheel called a flutter wheel. The log carriage return was
accomplished by linkage from a small turbine-type wheel (Evans 1850). These “up-and-
down” sawmills were quite common and widespread until circular saws were introduced
shortly before the Civil War period (Figure 6). A few up-and-down sawmills continued to
operate through the nineteenth century, but by the early twentieth century virtually all

Wwere gone.

Figure 5. Pit sawing. Figure 6. Surviving up-and-down sawmill.

These primitive sawmills could produce fairly consistent rough-sawn lumber and
timbers, but most of the finish work such as planing was done by hand. The early
nineteenth century witnessed the rapid development of powered lumber finishing equip-
ment, such as planers, molding machines, jointers, and cutoff saws, and many lumber
finishing mills were erected.

Textiles. Water power also was the key to the development of the textile industry in
the United States. The Industrial Revolution in England began in the eighteenth century
with textile manufacture. The most tedious step in the production of cloth was the carding
process, by which hand “combs” were used to straighten and orient cotton or wool fibers
to prepare for spinning into yarn or thread. Naturally this was the first step to be
mechanized in the 1760’s, with the invention of powered rotary drum carding machines.
Not long after this, the spinning, then weaving processes were mechanized. In order to
force dependence of the colonists on England’s woven goods, the mother country banned
the exportation to the colonies of any textile machinery or technical knowledge of the

process. Samuel Slater, it is said, apprenticed in an English cotton mill, memorized the



construction and operation of the machinery, and came to the United States, where in
1793 he directed construction of America’s first textile mill in Pawtucket, Rhode Island
(it still survives — see Figure 7). Not long after this event textile machinery manufacture
and mill erection spread throughout the expanding United States (Homespun to Factory
Made, 1977).

Figure 7. Samuel Slater’s cotton mill and dam in Pawtucket, Rhode Island.

Manufactories of any magnitude had to be located on rivers and streams to provide
adequate power until the introduction of steam engines in the late eighteenth century
(Reynolds 1983). By the early nineteenth century, these prime movers had become well
established in the Northeast, and were finding application in the South by the 1820’s and
1830’s. Water power continued to dominate until after the Civil War, then began a steady
decline in importance. With the introduction of internal combustion engines and electrical
power beginning primarily in the 1880°s and 1890’s, even steam engine use eventually
diminished.

Evolution of Grain Milling. Perhaps the most prevalent types of mills historically
were grain mills, followed by sawmills and textile mills. Since most surviving mills and
mill sites were associated with grain milling, it is important to understand some major
advances in this industry in the United States between the late eighteenth century and
twentieth century. Prior to 1785, virtually all grain mills employed stones powered by



water for the reduction of grain, and many also used bolting (sifting) devices for
separating the finer flour or meal from the bran or coarser ground product. Most
processes other than the actual grinding, from unloading the grain, through moving the
milled products from stones to bolters, to bagging, were performed by operatives who
were required to lift and carry bulky material with aid of few if any transporting devices
(Figure 8). This required several employees in addition to the miller and slowed the entire
process dramatically. In fact, most millwrights to that time had not perceived that the
power train which drove the millstones could also be harnessed to turn bolters, cleaners,
and other machinery within the mill. Those peripheral but integral steps were performed

manually.
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Figure 8. Typical milling operation prior to automation.

The most significant step in milling since the application of water power was the
automation and mechanization of the entire milling process. This was conceived and

accomplished by Oliver Evans, a great American inventive genius and practical engineer



whose name is little known today. Oliver Evans (Figure 9) was born near Newport,
Delaware, in 1755, and was apprenticed to a wheelwright. Although he was unfamiliar at
the time with milling techniques, he contracted with two of his brothers in 1782 to build a
mill near Wilmington. It was during the design of this mill that Evans conceived the

notion of applying the power that drove the millstones to perform all operations then

Figure 9. Engineer and inventor Oliver Evans.

accomplished by manual labor. By 1785 the mill with his improvements was in full
running order and considered a curiosity of the time. Although Evans did not invent
many of the devices he utilized, he applied them for the first time to grain milling. These
included the elevator with small cups on a continuous belt to carry grain upward and the
screw conveyor that moved products horizontally. His mill, when kept maintained in
good running order, could be operated successfully by only one individual. Thomas
Jefferson was licensed in 1808 to use Evans’ system, but like many of Evans’
contemporaries, later denounced the engineer’s methods and inventiveness. The system
was therefore slow to be adopted. Evans’ most famous written work, now considered a
classic by technology historians, is The Young Mill-wright and Miller’s Guide, first pub-
lished in 1795 and issued through 13 editions, the last in 1850, 31 years after Evans’
death. In addition to his advances in milling, Evans developed his own steam engine

design, and lived to see his engines power several milling establishments (Evans 1850).



During the period when Evans’ improvements began to find favor among millers and
millwrights, a process of producing flour known as the American or flat-grind system
was in use. In this system, wheat passed between the millstones only once for grinding.
The stones were set very close together and were run fast with a heavy feed. The meal
exited the stones in a damp and hot state, with the bran broken into fine bits, which would
clog the bolting cloths if not cooled first. In the pre-Evans mills, this flour was spread
across the mill floor, cooled, and then transported to the bolting hoppers for sifting out
the bran and “middlings,” or coarse particles of flour. Young boys were usually
employed to move the flour from stones to floor to bolter. Evans’ invention of the
“hopper-boy,” a mechanical device for collecting, cooling, and conveying the flour
automatically to the bolters, was at the time a great labor-saving innovation.

However, after the mid-nineteenth century, this old process had been for the most part
abandoned in favor of what was called the New Process of high grinding. The main
purpose was to produce purer flour that could command a higher market price. The basic
elements of the New Process were the use of a primary set of millstones set wider apart to
accomplish the first reduction, a middlings purifier (perfected in the 1870’s but
introduced several years earlier) to separate via sifting and fanning the bran from the
middlings, and a second set of millstones to regrind the purified middlings and obtain
more flour. This method of high grinding thereby reduced the overheating and
destruction of nutrient value in the flour. On the other hand, the separation of the bran
and whole grain to produce fine white flour demanded by the public somewhat offset the
advantages of reduced heat, nutritionally speaking. The flour from the first grind of the
wheat was called the baker’s or clear flour, and the second yield was called “patent”
flour. Often these were blended after the second grinding and sold as “straight” flour
(Dedrick 1924).

The next major development in grain milling was the introduction of the Hungarian or
roller process for flour. Although steel rollers had been employed on a limited basis to
crush wheat as early as the 1830’s in Europe, they had not been entirely successful until
iron production techniques were improved. By the 1860’s and 1870’s, roller milling
developed rapidly in Budapest, Hungary. The process interested Charles Pillsbury and

other American mill owners to the extent that they traveled to Hungary to study the
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methods. Not long after, roller mills were being manufactured in America with a myriad
of improved and newly patented designs and materials. They found favor in the larger
milling establishments, which had the capital necessary to invest in the dozens of
machines needed for the entire flour production process. Millstones for flour grinding
gradually lost out in part because they were so laborious to sharpen, or “dress.” During
this period, particularly the 1880’s and 1890’s, large three and four-story structures were
erected to house the roller equipment. The earlier large merchant mills disposed of their
stones and adapted their structures to the new roller process, but many in rural areas kept
one set of millstones for custom and corn grinding (Storck 1952).

The last significant phase in grain milling occurred in the twentieth century. During
the first half, many small milling establishments survived with niche and local markets,
particularly among country stores in their immediate localities. A few kept their old
horizontal millstones turning, although there seems to be evidence that the knowledge
and desire to maintain the stones properly declined. Also, beginning as early as the

1870’s, but not reaching primary importance until after 1900, was the invention and dis-

tribution of the vertical stone buhr mill (Figure 10). These little mills were easier to
}E'ﬂ.

Figure 10. Vertical stone buhr mill of the early twentieth century.
move, operate, and maintain, ran faster, and could be powered by a small engine or
motor. They appealed to the country stores particularly, and the store owners would buy

them to perform custom grinding for the local community. This cut into the markets of
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the old water mills, and began their more precipitous decline. In addition, with larger
power units available in the form of massive steam engines and electric motors, better
transportation methods, increased demand, and improved yields and farming techniques,
mills became quite large. Because of their size and market command, they could buy
cheaper grain in larger quantities than their small competitors, and eventually took over.
By the 1950’s small water powered milling operations were all but extinct, and the
country stores on which they depended were closing as large grocery chains captured the
public’s fascination and business.

Today, a low-key and peculiar trend is developing. A small but growing percentage of
the public is becoming aware of the nutritional advantages of whole grain, stone ground
mill products (Figure 11). This development has allowed a very few of the traditional
water mills to hang on, catering to mail-order customers, specialty bakeries, and health-

food stores.

Figure 11. Types of water powered stone ground flour and meal products.

12



CHAPTER 2

HISTORICAL DEVELOPMENT OF MILLS IN TENNESSEE

The Pioneer Period (1777 — 1820)

Mechanization of Grain Grinding. Prior to statehood in 1796, Tennessee was a part
of North Carolina. Hunters, trappers, and adventurers prowled portions of the state before
1775, particularly the eastern and north-central areas. There is little evidence, however, of
permanent settlement until the establishment of Washington County in 1777. This was
Tennessee’s earliest county, but at that time still part of North Carolina. The county
covered most of modern-day East Tennessee. During this early settlement period, the
pioneer family’s time was spent clearing a small patch of land for crops, erecting shelter
(often in the form of log cabins), and securing game for food (Arnow 1960). Grain
grinding was typically accomplished by hand methods, and later by horse powered mills
(Goodspeed 1887). The hand mills of the time were of various designs. Some were
basically the mortar and pestle stones used by Native Americans for thousands of years.
Other more labor saving devices were utilized. For example, a tree trunk or stump was
hollowed, and a spring-pole pestle adapted to pound and pulverize the grain (Figure 12).
A variation was to use a tree trunk as a counterweight to help raise the pestle (Figure
13). Sometimes, even a small stream of water was employed to automatically raise a

lever, then drop the pestle as the water cup tipped and emptied. This water lever was

Figure 13. Counterbalanced pole pestle.

Figure 12. Spring-pole pestle
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commonly called the “Lazy Jim” (Figure 14) (Storck 1952). It was not long before
animal power was adapted to remove much of the human effort required to reduce grain.
In later years, ingenious devices were invented to transmit animal power to perform
work, such as geared multiple sweeps and treadmills (Figure 15). The earliest horse mills,
as they were commonly called, were simpler. They consisted of a fixed lower stone and
an upper stone turned via a vertical shaft attached to a sweep pole (Figure 16). Such horse
mills date to Roman times. Most likely the stones used were quarried nearby and finished
by the owner. There is evidence that these mills served a relatively large area until water

mills could be erected (Goodspeed 1887).

FEARLESS Honsr:—?owm P (Crover Hu:.u:n, )

IN COPERATION

Figure 15. Portable multi-horse powered geared sweep and treadmill.
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Figure 16. Sweep powered hourglass mills, also turned by slaves in Roman times.

Water is Harnessed for Power. As population increased in Tennessee during the
1770’s, the need for more efficient milling techniques, both for grain and lumber, became
evident. Men with mechanical knowledge or millwright experience began to build small
water powered mills at convenient locations along streams. Since dams were difficult to
construct, particularly on larger creeks and rivers, many of the earliest mills utilized
water diversions. The diversion was commonly a log placed across the stream, with a
channel cut just above one end of the log to allow the water to flow toward the mill

(Figure 17). Sometimes a gate was installed so the water flow could be controlled. A

ditch or wooden trough, called the millrace or flume, conveyed water to the power source

LT T : =3 -

Figure 17. Log water diversion and beginning of wooden trough flume to mill.
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at the mill. This power source might be a tub wheel (primitive turbine), overshot, breast,
or undershot wheel (Figure 18). A flutter wheel, resembling a small undershot or paddle
wheel, was usually used to power the saw of an up-and-down sawmill, but was not used

with a grist mill.

Figure 18. Water wheel designs: (left to right) tub wheel, overshot, breast, undershot

Physical Context of Mills. In locating a mill, certain physical and terrain features
were important, and recognized by early land surveyors. If a stream was observed to fall
significantly over a short distance, the surveyor would designate the location as a

potential “mill seat” (Figure 19). These properties became highly desirable, and soon

A

I

Figure 19. The mill seat, or upper falls, at Falls Mill in Franklin County, Tennessee.
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mill seat legislation was passed to require permits for the development of these water
powers. These laws were deemed necessary to provide riparian rights, or the rights to the
river banks, to the mill owner and to avoid upstream flooding of neighbors’ lands after
the erection of a dam, and subsequent lawsuits (General Assembly of Tennessee 1833).

The number of mills along a stream was limited by the fall of the stream. Overshot
water wheels, while generally the most efficient type, were usually not practical if they
were under 10 feet in diameter. Therefore to maintain a suitable fall, the frequency of
mills along the same stream was usually no more than one every one-half mile or so in
mountainous areas, with less frequency in flat terrain. Location was also governed by the
ownership of land, since many of those with the means to build and operate mills
possessed large tracts of land up and down the creeks.

Another desirable feature for mill location was a reliable water source. Many of the
smaller streams would suffer reduced flow in late summer when the corn was being
harvested. This was a hindrance to operation, since the power of the water wheel

depended upon not only the fall or “head” of water available, but also the flow. This

Figure 20. Millpond and dam at Ketner’s Mill in Marion County, Tennessee.

pond could supply enough water, if designed properly, to run the mill for an extended
period beyond that provided by the regular flow of the creek. Then the pond could be
allowed to refill, and the mill again operated. Although this provided sporadic service, it
was better than total shutdown. The land above the dam location had to be amenable to

the filling of a pond, so needed a natural trough to avoid widespread flooding of land.
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In fact, flooding was probably the chief cause of mill damage and destruction (Figure
21). If the site was ideal, it would allow the mill to perch upon a bluff high enough above
the flood waters to escape damage (Figure 22). This was rarely possible, however, so

mill buildings were often set on high wooden or rock piers for protection in the more

Figure 22. Falls Mill is spared from floods by its position high on a natural bluff.
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flood-prone areas (Figure 23). They were also located downstream as far as practical
from a dam, since the power of flood waters roaring over the dam, or failure of the dam
itself, could cause severe destruction and erosion nearby. Another reason for location
further downstream was to take advantage of any additional natural fall of the stream
below the dam, as every foot translated into enhanced power. (In later years, when water
turbines became popular for powering mills, the buildings began to be located next to the
dams more often, to avoid the construction of large millraces necessary to convey the

vast amounts of water to the turbine.)

Figure 23. Lower Mill in Hamilton County, Tennessee, situated on high rock piers.

Appurtenances Needed for Powering Mills. The pioneer mills could rarely be
located on a major river due to the difficulty and expense of building the dam. The river
would have to be partially or totally diverted during low water by use of a temporary or
“coffer” dam in order to lay the foundations for the permanent dam. Dam construction
was understood by some millwrights, stone masons, and carpenters during the state’s
early settlement. However, since the need for mills was great in this period, time was
usually of the essence in getting the mill and appurtenant structures constructed.
Consequently, small dams or diversions were the common practice. It is probably safe to
assume that most of these dams were of wooden construction, but in areas of abundant

and convenient rock deposits, a masonry dam might be preferred for more permanency.
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Wooden dams were built by first attaching heavy hewn wooden timbers or logs
known as mud sills to the creek bed. The timbers spanned the entire stream perpendicular
to its course and were attached by drilling holes into the creek bed and through the
timbers and driving in wooden pegs. They were critical for holding the dam in place,
especially in floods, as were the dam abutments, or ends of the structure connecting into
the stream banks. A mud sill is often the only remains of a wooden dam. The timber used
was usually either white oak or walnut, both known for their ability to retain integrity if
constantly submerged. In East Tennessee hemlock also possessed this characteristic.
Probably American chestnut, now virtually extinct, was also used. Next the main
structure of the dam was attached by notching or by mortise, tenon, and peg construction.
Various designs were employed, including the simple log dam and the hollow frame

(Figure 24)
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Figure 24. Typical wooden dam designs.
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Planking was sometimes applied to the back of the dam, where it was battered or slanted
upstream, but planking was hard to produce prior to powered sawmills. Commonly the
inside structure of the dam was filled with rock, gravel, and mud to increase weight,

reduce leakage, and provide stability (Figure 25). Drain holes with removable plugs were
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Figure 25. Rock-filled timber dam.

sometimes provided in wooden dams, and almost always in masonry ones, to allow the
pond to be drained periodically to remove silt or repair the dam (Figure 26). Silting of the
pond was a serious and frequent problem, especially in sandy and high erosion areas.
This could fill the pond quickly and reduce the stored water, or pondage, in times of

drought. Some ponds had to be flushed out several times per year to prevent buildup.

[. i
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In more sophisticated dam construction, spillways with flood gates might be employed

to relieve pressure on the dam structure during floods (Figure 27). Another method to

Figure 27. Flood gates (closed) at Ketner’s Mill dam in Marion County, Tennessee.

achieve this automatically, without having to anticipate a flood, was the use of flash
boards. These were stacked planks on top of the dam, resting against upright rods (Figure
28). In times of normal stream flow, the pressure of the water would hold them fast
against the rods. When the water level rose, however, it would lift the planks out and
wash them away, thereby effectively dropping the height of the dam so that flood water

could pass over it with less destructive force. When the water went down, the planks

could be replaced much cheaper than the dam.

Figure 28. Dam showing flash boards.
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Millraces were either dug or constructed as elevated wooden flumes (Figure 29),
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Figure 29. Examples of dug and elevated millraces, Falls Mill and Evins Mill.

running from one end of the dam to the water wheel. For the smaller tub wheels, the

flume was often simply a connected series of hollowed logs (Figure 30). Similar woods

Figure 30. Flume of hollowed logs leading to the tub wheel at Ogle Mill.

were used as in dam construction. A manually raised gate, called the head gate, was

usually placed where the water was diverted into the race at the dam (Figure 31). The
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Figure 31. The head gate at Falls Mill in Franklin County, Tennessee.

level and flow of water in the race could be regulated by the amount of opening at the
head gate. At the power source was the wheel gate (Figure 32), which was used to control

the amount of water over or onto the wheel, thereby determining the speed and power of

Figure 32. The wheel gate at Falls Mill in Franklin County, Tennessee.

the wheel. Sometimes, spillway holes with plugs were incorporated into the race to aid in
draining it and provide safety in case the head gate overflowed into the race in high water
(Figure 33). The race had to be so constructed to allow sufficient water to reach the

wheel. Constrictions in the width would reduce the effective head of water. Some effort
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Figure 33. Spillway plug at Falls Mill in Franklin County, Tennessee.

was usually made to drop the level of the race about an inch every hundred feet or so,
although this was not necessary unless the race was unusually long. It was also not
necessary for the bottom of the race to be perfectly level, as long as silting was not
excessive. Water would always seek the level of the millpond when it arrived in the race
above the water wheel. (For this reason, later installations would sometimes utilize an
inverted siphon, or pipe leading from the top of the dam down along the natural terrain,
then back up to the top of the water wheel, thus avoiding the need for an elevated flume.)
As the water was let onto the wheel, however, the head would naturally drop several
inches in the race, so provision had to be made for this by allowing a couple of feet of
static head above the top of an overshot water wheel.

After the wheel received the water into its buckets and rotated almost halfway around,
the water would discharge below the wheel and run back into the creek. The path of the

returning water was called the tailrace (Figure 34).
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Figure 34. Drawing of water wheel showing tailrace path (left) back into creek.
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The Mill Structure. The construction of the pioneer mill building probably followed
closely the methods used in log cabin erection. Since sawmills were scarce and pit
sawing methods laborious, the earliest small mills were primarily of hewn log
construction (Figure 35). There were exceptions, however, where lumber or masonry
materials were obtainable. Certain design provisions had to be carefully considered,
including the location of the power source, the drive mechanism, the millstones, and the
wagon access for unloading grain. In addition, a strong supporting timber framework,

later called a Hurst frame (Figure 36), had to be planned and constructed to hold up the

Figure 36. A set of typical horizontal millstones showing support (Hurst) frame.

26



millstones, which could weigh more than 5,000 pounds in one concentrated area. And the
whole building had to withstand the vibration from the transmission of power through
shafts and gearing to the millstones. These stones, for convenience, were often placed on
an elevated platform to allow collection of the milled product, usually corn meal, in a bin
or meal box under the spout (Figure 37). The inside of a typical early Tennessee grist
mill, providing toll grinding for the settlers in the immediate area (say a two to three-mile

radius), was sometimes as small as 12 by 12 feet, had one set of millstones used almost

Figure 37. Primitive millstones, platform, and meal box inside Ogle Tub Mill.

exclusively for corn grinding, a meal bin and scoop, perhaps a small workbench or
table, a set of scales or measuring device for determining the toll, and various tools here
and there peculiar to the care of millstones. According to some early oral histories, the
miller would sometimes leave the mill as grinding progressed to tend to other farm
chores, although this was not an intelligent practice except with tub wheel powered mills,
which sometimes operated very slowly.

The Tub Wheel Mill. The easiest and quickest mill to erect was driven by a primitive
turbine known from ancient times, but referred to as a tub wheel in pioneer America.
Some tub wheels were designed so that the rotating portion, or runner, was placed in a

wooden tub to minimize water loss or splashing around the wheel vanes. Apparently, in
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the more primitive installations, such as those surviving in Great Smoky Mountain
National Park, the tub was abandoned and the wheel consisted only of the vaned runner
with a vertical wooden shaft directly connected to the millstones (Figure 38). These
runners were usually hacked out of a solid portion of a tree trunk, using axes, hand
augers, and chisels. The entire construction process is illustrated in the second volume of
the Foxfire series (Wigginton 1973). The stream, if swift, could be diverted to the tub
wheel with a log thrown across, and the flume could be constructed of hollowed or

hewn timbers. The building logs could be hewn out and erected in about a week, us-

% p e o b il

Figure 38. Tub wheel at Ogle Tub Mill in Great Smoky Mountain National Park.

ing only a standard axe, a broad axe, and possibly a slick (large chisel for notching), and

the puncheons (hewn planks) for the floor could be finished with a foot adze (Figure 39).

Figure 39. Hewing tools: Double bit axe, broadaxe, auger, foot adze, slick.
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The entire structure and power source could be completed in two to three weeks if the
family was industrious and knowledgeable. The millstones were another matter. If the
mill owner was a millwright, he could conceivably quarry and finish his own stones and
build or procure the necessary wooden and metal parts required. This situation was
undoubtedly rare. For one thing, the proper millstone rock, or “grit” as it was called, was
not common in the state. There were a few outcroppings known to have been quarried
very early in the nineteenth century and possibly late in the eighteenth. These were
located in present-day Claiborne, Knox, Trousdale, and Coffee counties (Killebrew
1874), as well as a quarry in Williamson County. There were earlier quarries in nearby
Virginia, Kentucky, and the Carolinas, and it is possible many of these early stones came
from those quarries. The quarrying, furrowing, balancing, and sharpening (dressing) of
millstones was a highly skilled art, usually performed by different classes of craftsmen.
The quarryman was responsible for cutting the stone from the mountain, rounding and
flattening it, and cutting the eye, or center hole. Sometimes he would also cut the mortise
for the rynd, or yoke, on which the drive shaft balanced, and the balance pots, if
provided. He would also sometimes balance the runner stone and band the stones to
protect them. Stones were of course delivered in pairs of the same (and usually standard)
diameters. The bedstone was normally the thinner of the two, and can be identified when
out of context by the round hole through the center and the relatively light weight. The
heavy runner stone, which rotated above the bedstone, was usually much thicker and

characterized by the rynd mortise cut in the center of the stone (Figure 40). The stones

were skidded from the quarry to heavy wagons and transported to the customer
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Figure 40. Bedstone on left, and runner stone showing rynd mortise. The furrow patterns
on these two stones are mismatched.
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(Hockensmith 1999). A skilled millwright then took over, furrowing the stones according
to his knowledge or the miller’s preference, then dressing the grinding faces, or lands.
Wooden hoops or tuns would be built to house the stones, as well as the other necessary
wooden parts, including the corn feeding shoe, the damsel or rattle staff which shook the
shoe, the hopper and hopper stand, the spout, and the shoe adjusting knob. A skilled
blacksmith or the millwright made the shaft, the rynd, the tentering screw and crank for
adjusting the runner stone, the bridgetree pot, on which the shaft rested underneath
(sometimes in primitive tub mills this was a pine knot bearing), and any other metal parts
necessary, such as bands for the wooden portion of the shaft (Figure 41). The parts

were then assembled, the bedstone leveled and trammed (made perpendicular) with the
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Figure 41. A tub wheel driven mill with various parts labeled.
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shaft (Figure 42), and the runner stone turned and the running balance achieved. If the
mill owner could afford it, complete millstone sets were manufactured in New England
and could be shipped down to a point where wagon transport could take over. When
merchant mills for flour production began to be erected in Tennessee late in the
eighteenth century, many millers preferred millstones imported from France for grinding
wheat. This rock was known as French buhr, a hard silica stone characterized by a
pockmarked appearance and usually cemented and banded in segments, as opposed to
native monolithic millstones of granite and conglomerate varieties. French bubhr,

however, was a luxury to the pioneer mill builder.

Figure 42. Tramming the millstone shaft with a wooden device called a trammel.

The Overshot Mill. A more versatile, powerful, and efficient mill could be built
using an overshot water wheel rather than a tub wheel (Figure 43). Its construction
required considerably more skill and time. The water wheel was normally built by
standard methods that developed over centuries and were known to millwrights. White
oak was again the wood of preference. Not only did it possess strength and durability
under wet conditions, but it was also more flexible than most other wood varieties, a
distinct advantage under constant force and movement. Arguably the most important
component of water wheel construction was the axle. It bore the weight of the wheel and

carried the spokes and journals. It had to be designed very carefully. A white oak log of
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at least two-foot diameter, with straight grain and no knots, was selected. The log was cut

to a length that would allow the water wheel to be positioned (usually) on the outside of

e 1

Figure 43. Overshot water wheel of John Cable Mill, Great Smoky Mountains.

the building, and a large wooden gear mounted inside the building. The log was dressed
with hand tools such as axes and adzes, commonly finished to at least 18 inches in
diameter (depending on the size of the wheel) and hexagonal or octagonal, depending on

the number of spokes (Figure 44). The ends would be rounded and later receive iron

Figure 44. An 18-inch octagonal white oak water wheel axle showing gudgeon mortises.
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bands (Figure 45). Into the ends of the axle were cut two deep mortises at right angles.

Figure 45. Rounding the ends of the wooden axle to receive the iron bands.

These would receive a forged or cast iron winged gudgeon, which was a cross with a
round journal forge welded or cast to it (Figure 46). The wings would slide into the
timber mortises, and the journal would protrude so it could turn in wooden bearings atop

stone or wood piers. Then iron bands were forged, heated, and slipped onto the ends of
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Figure 46. Inserting the iron gudgeon into the end of the water wheel axle.
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the timber axle to secure the gudgeons (Figure 47). As the axle continued to shrink over

time, particularly the dryer end inside the mill, wooden wedges were driven under the

Figure 47. Securing the gudgeon by shrink fitting iron bands onto the axle.

bands and around the gudgeon wings to keep them tight. The gudgeons had to be inserted
precisely into the centers of and parallel to the axle, or the entire water wheel would pitch
and wobble, wearing out the bearings in a short time. Next, the spoke mortises were cut
into the axle (Figure 48). Sometimes this was done after the axle was already in place in
the bearings, but usually before. Then the axle was ready to receive the spokes and the

structure of the wheel.

Figure 48. Spoke mortises in the water wheel axle.
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The wooden water wheel components consisted of the spokes, the cants (circular rim
sections), the buckets (usually straight), and the sole plates (which covered the bottoms of
the buckets and formed the inside face of the wheel) (Figure 49). These could all be hewn
but required some precision, since the wheel had to operate as balanced as possible.
Sometimes the wheel structure was built on a stand known as a truckle, which supported
the center and outside rims (Evans 1850). Because of the weight and size involved, the
wheel was constructed in sections, fit together until true, numbered, then knocked down
to be taken to the mill site for final assembly. All pieces were typically mortised and

pegged together.

Cant

Figure 49. Section of a wooden water wheel with principal parts labeled.

The cants were the most difficult sections to make, because they were sawed in a
circular pattern. For this reason, very wide planks had to be used to achieve much
distance around the periphery of the wheel, due to the loss of material when cutting out
the circular pieces. Consequently, a water wheel had numerous cants. The sawing was
probably done with a felloe saw, having a narrow blade and used to cut the felloes or
circular sections of wagon wheels. Sometimes the cants were rabbeted or slotted on their
inside faces to receive the buckets, which could be slid into place after the main structure
of the wheel was up, and pegged through the cants. The buckets were easy to make from

flat planks, but were usually beveled on both the inside and outside edges (Figure 50).
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Figure 50. A bucket and sole plate, showing why the edges of the buckets are beveled.

The inside bevel was designed to fit tightly against the sole plate and minimize leaking
between buckets. It had to be cut according to the angle in which the bucket was inserted.
This angle was such that the bucket could hold water until almost to the bottom of its
rotational arc, thereby maximizing the power of the wheel. The outside bevel matched the
curvature of the wheel and somewhat facilitated the entry of water from the flume at the
top of the wheel. The sole plates were simply flat planks spanning bucket to bucket on
the inside face of the wheel. They were pegged to the rim or cant sections and sometimes
to the buckets as well and served to hold the water in the wheel buckets.

Spokes of the overshot water wheel were usually straight timbers, from 4x4
dimensions up, depending on the size of the wheel. They were of a length equal to the
finished diameter of the water wheel. A minimum of six spokes was required on each
side of a small water wheel, and eight were more common (Figure 51). As the wheel
became larger, more spokes were utilized. The wooden water wheel built at Falls Mill in
Franklin County about 1887 and used until 1906 was thirty feet in diameter and five feet
wide and had 14 spokes on each side (Figure 52). This was an unusually large wheel for
wooden construction. Most were 16 feet in diameter or less.

The spokes were attached to the wooden axle in an interesting and clever way. First,

mortise holes were cut completely through the axle on each face of its (say) eight bevels.
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Figure 52. The 30-foot wooden water wheel at Falls Mill, 1887-1906.

These holes were the same dimension as the thickness of the spoke, but were twice as
wide as the spoke’s width. These weakened the integrity of the axle considerably, and
this was the main reason for such a large diameter axle. The spokes were then laid out on
the ground and marked for slots to be cut in their centers and partway across their
thickness. With the axle in place in the mill, each spoke was slid into its mortise hole

until its slot fell directly in the center of the axle (Figure 53). Then another spoke was
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Figure 53. Installing the spokes into the mortise holes in the axle.

inserted past this first one (the reason for the oversize mortise holes) until its slot
overlapped the slot of the first spoke. It was then pushed onto the first spoke so that the
slots locked into place. This step was repeated until all spokes were locked into the axle.
Then wooden wedges were driven into the axle mortises to take up the extra space of the
holes (Figure 54). Thereby the spokes were in the same position relative to the rim
sections of the wheel, and could not move. Their outside ends were often rabbeted or

slotted so the rim sections could nest from one spoke to the next for pegging into place.

Figure 54. Wedges were driven into the axle mortises to secure the spokes.
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With the axle and spokes ready, it was time to begin attaching the cant or rim sections,
which had been carefully fit and marked. For smaller wheels, sometimes an entire
segment consisting of cants, buckets, and sole plates was pre-assembled and attached as a

unit (Figure 55) to two pairs of spokes (one pair on each side of the wheel). The cants

Figure 55. Attaching sections of a wooden water wheel built in two parts.

were sometimes lap jointed and pegged, other times butt jointed and fitted with pegged
splines. The lap jointing method was easier, since it involved no mortises.

The wheel might be tested at this point to see if it turned true and did not “lope,” or
run erratically, too badly. Wooden wheels, however, were notorious for getting out of
balance after they became waterlogged.

Although the wheel could be made by a carpenter with some experience and a
guidebook such as Oliver Evans’ Young Mill-wright and Miller’s Guide (available by
1795), it required a great deal of skill to make the wooden gears for an overshot mill.
These were typically designed and built by a millwright. Due to the slow rotation of an
overshot water wheel (roughly 12 revolutions per minute [rpm] for wheels of 12-foot
diameter and 4 to 5 for wheels twice that size), it was necessary to “gear up” the speed to
achieve the required rotation of the horizontal millstones (typically 125-160 rpm).

Wooden gears with wooden cogs were used, but it was impossible to step the speed up
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that dramatically with only two gears — the mesh required was too severe. Therefore,
virtually all overshot mills were “double-geared,” or incorporated two pairs of meshing
gears. A large or “bull” gear was attached to the water wheel axle inside and under the
mill building. This gear was called the “greater cog gear,” and was assembled in cants
similar to the water wheel, with spokes mortised into the axle. Around one face of the
gear were mortised cogs, usually of hard maple, of a tapered design to serve as the gear

teeth (Figure 56). These meshed with a “lantern” gear called the “wallower,” attached to

Figure 56. Greater cog gear attached to water wheel axle.

one end of a second shaft running at right angles to the main water wheel axle (Figure
57). This jackshaft carried not only the wallower but the second, or “lesser,” cog gear as
well (Figure 58). The wallower consisted of top and bottom round wooden sections
connected with several “rounds,” or heavy dowels of maple, driven by the cogs of the
large gear. The pitch and spacing of the cogs and rounds had to be extremely precise, or
the gears would bump and vibrate and could disintegrate. It was recommended that the
number of cogs should not be divisible evenly by the number of rounds to avoid

excessive wear, so in effect a “hunting tooth” was incorporated to keep the same set of
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Figure 57. Wallower and lesser cog gear shaft before installation.

cogs from meshing with the same round on each rotation. These cogs could be lubricated
with mutton tallow, and if designed properly, would run very smoothly and quietly with

only a low “clackety-clackety” sound.

Figure 58. Lesser cog gear shaft in place, with wallower meshing with greater cog gear.
On the other end of the jackshaft was attached the lesser cog gear in a manner similar

to the larger one. It drove a vertical shaft connected directly to the runner of the

millstones via a second lantern gear called the “trundle.” The lower end of the trundle
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shaft rotated in a step bearing mounted to a lever called the “bridgetree.” This bridgetree
was allowed to move up and down slightly by another lever attached to one end, and a
metal rod extending vertically into the mill next to the stones (Figure 59). By lifting or
lowering this rod, thereby lifting or lowering the runner stone relative to the bedstone, the
miller could control the texture of the milled product. If the mill ran dry, the runner could
be lifted clear of the bedstone to avoid their contact, which should never be allowed due

to the abrasion and destruction of the grinding surfaces.

Figure 59. The trundle gear, which through the lesser cog gear turned the millstone shaft.
Also shown are the bridgetree timber under the trundle, the wooden bridgetree lever, and
the iron rod (on left) which extended vertically through the floor above to a hand screw.

The millwright had to design the sizes of the gears to accommodate the number of
cogs and rounds necessary to provide the required speed step-up to the stones. If the
water wheel was to rotate at 10 rpm and the stones at 140 rpm, the 14:1 ratio could be
achieved in two stages with the two pairs of gears. With 66 cogs in the greater cog gear
and 23 rounds in the wallower, the jackshaft would be turned about 29 rpm from the 10
rpm water wheel shaft. This meant the lesser cog gear would also be turned about 29 rpm,
so if it had 49 cogs and its trundle had 10 rounds, this approximate 5:1 ratio would
produce the required 140 rpm for the millstones. The millwright had to keep in mind that
his gears and shafts had to be located in a confined space, but be accurately positioned to

provide for the inside water wheel shaft pier, the two piers for the jackshaft, and the Hurst
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frame and support for the bridgetree bearing under the millstones. Access for
maintenance and lubrication also had to be provided.

If the water wheel was operated daily and kept wet, it would last much longer than if
allowed to dry out between runs. For most small pioneer mills, operation was sporadic, so
the life of a wooden water wheel was rarely over 15 years, even when built from the most
durable materials. Despite precise design, wooden cogs would also wear and required
replacement periodically. When the maintenance of the millstones was factored in, the
mill owner was faced with the almost never-ending task of adjusting, lubricating, and
replacing parts of the mill machinery.

Other Water Wheels. The history of the overshot water wheel may be traced back
more than one thousand years. A variation of the overshot wheel appearing after 1750
was the breast wheel, whose construction was essentially the same. The breast wheel
could operate on a lower head of water than an overshot wheel of the same diameter, but
could not supply as great a horsepower. A flume was led to the wheel as with the
overshot variety, but the water met the wheel at a point between the top and center axle.
At the end of the flume, and constructed very close to the outside perimeter of the wheel,
was the breast. This was a wooden chute that followed the curvature of the wheel to the

bottom. At that point it opened into the tailrace (Figure 60). The theory was that this

breast helped hold water in the buckets of the wheel and reduced early discharge, thereby

Figure 60. Contrasting the high breast wheel (left) with the overshot wheel (right).
Notice that rotation is clockwise for the breast wheel, counterclockwise for the overshot.
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recovering a portion of the power lost through this design versus the overshot wheel
(Reynolds 1983). The construction of the breast was difficult, so as more efficient iron
and steel wheels were manufactured after the Civil War, the breast was eliminated and
the wheel came to be known as a “pitchback” wheel. The term referred to the rotational
direction of the wheel — although designed and installed as an overshot wheel, since the
water fed into the buckets below the top, the wheel turned in the opposite direction as an
overshot would.

A less common but ancient variety of water wheel was the undershot wheel, usually
associated with flat terrain. It was basically a paddle wheel (Figure 61). It was easier to
construct than an overshot or breast wheel, and required no sole plates or angled buckets.
It was rotated by the velocity of the water traveling under it, usually channeled by a
simple flume and often requiring a diversion instead of a dam. Although it was capable of
turning faster than an overshot or breast wheel, it was less efficient, due to the fact that its
power calculation had a negligible head of water as a factor. Wooden overshot wheels
were estimated to be 50-70% efficient, meaning that the power output at the axle was 50-
70% that of the water feeding the wheel. The loss was due to friction and leakage. Later
steel wheels were much more efficient, one manufacturer claiming above 90% (Fitz
1928). Wooden breast and pitchback wheels were less efficient than overshot, their
efficiency depending upon how far up the wheel the water entered. The undershot wheel,
on the other hand, was at best only around 30% efficient, so a large wheel and plenty of

flow was necessary to provide enough power to turn a set of millstones (Mead 1915).

Figure 61. Undershot water wheel showing unique bucket design.
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Other water engine designs were developed in later years, but not associated with the
Pioneer Period in Tennessee. These included the Poncelet, Sagebian, and Pelton wheels.
The first two designs emerged in France during the period 1820-1850. The Poncelet
wheel incorporated curved steel buckets for the first time, and the Sagebian modified the
incline of the buckets of an undershot wheel. Both were attempts to allow water to enter
the wheel without impact and leave without velocity (Reynolds 1983). These wheels
were more popular in Europe than America. The Pelton wheel, however, was an
American design, and will be discussed in greater detail later (see pages 115-116).

Grist vs. Merchant Mills. The earliest mills in Tennessee were established to grind
the grain (usually corn) grown by the owner and perhaps some neighbors whose grain
was tolled for payment. It was not long, however, before larger merchant mills were
constructed. These mills would also produce wheat flour, and would purchase the grain
locally, then sell the milled products. Some also operated on a deposit system, whereby
wheat (primarily) was deposited by customers in a warehouse or in bins within the mill,
then ground as needed for the customers’ use. The larger mill owner could either charge a
flat rate for this “custom grinding,” or could toll it as the smaller operators. It is
interesting to note that the responses from several Tennessee mill owners in the 1820
Census of Manufactures indicate a depressed demand for wheat flour, so apparently even
at this time, corn meal was by far the most consumed milled product.

As mentioned previously, Oliver Evans had conceived an automated grain handling
and flour milling system and presented it in The Young Mill-wright and Miller’s Guide
beginning in 1795. Although it was somewhat slow to be adopted due in part to the
complexity of the machinery required, it did find its way into early merchant mills
beginning in New England. If Tennessee followed the trend of other states, merchant mill
owners even in the Pioneer Period may have adopted Evans’ system, although there is yet
no authoritative proof. Very few remnants of Evans’ machinery survive anywhere in the
country. Most mills, in order to compete, had to change with the times, so the owners
typically discarded antiquated machinery and replaced it when affordable with “modern”
innovations. Therefore, it is not surprising that evidence of the Evans system is not

known to exist in Tennessee.
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Dungan-St. John Milling Company in the Watauga Valley of Washington County is
believed to be the oldest surviving original mill structure in the state, and also has the
distinction of being the longest continuously operating business in the state (since 1778).
The original building, although surrounded by later additions, was fairly large for its day,
so may have been considered a merchant mill. It was powered by an overshot water

wheel (Figure 62). Probably the next oldest merchant mill recently standing, though in a
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Figure 62. Artist’s conception of the original Jeremiah Dungan Mill in Washington

County, Tennessee. This structure still stands, without the water wheel, though
completely surrounded by additions from later years.

state of extreme deterioration, was the Massengill Mill in Grainger County. The structure
appeared original except for the addition of a later water wheel (now gone), and was
believed to date to the 1790’s (Figure 63). It is interesting to note that this was one of the
few mills in Tennessee that employed an enclosed water wheel (i.e., under a portion of
the building) (Figure 64). This was some advantage in icy weather. The large stone dam
is still essentially intact. This mill has been recently dismantled and moved.

No complete original survivors of the smaller pioneer mills are known in Tennessee,

although a few representative examples of wooden gearing, structures, and wheels exist.
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Figure 64. Original enclosed wheel room at Massengill Mill, showing tailrace arch.

Probably the best three of these are located in Great Smoky Mountain National Park,
although the earliest dates only from the 1880’s. These are the two tub mills located on
the Roaring Fork/Cherokee Orchard Trail. The Noah “Bud” Ogle Tub Mill is of log
construction and, although the tub wheel has been allowed to deteriorate somewhat, is no
doubt the best representative in the state of a primitive pioneer grist mill in a remote

setting (Figure 65). How much of the original structure and wheel are seen today is not
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Figure 65. The Noah “Bud” Ogle Tub Mill in Great Smoky Mountain National Park.

clear. The John Cable Mill in Cades Cove is a relatively good example of a pioneer
overshot mill (Figure 66), but the gearing is iron and of later (1880°s) origin. The entire
structure was rebuilt by the Park Service in the 1940’s, utilizing a few remaining iron
parts of the original mill. The wooden gearing and mill parts salvaged in the Tennessee
State Museum and in the Museum of Appalachia came from two early pioneer mills, but

of course are out of original context.

Figure 66. The John Cable Mill, Cades Cove, Great Smoky Mountain National Park, a
reconstruction of an 1880°s mill as depicted by artist Al Hammond.
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The Up-and-down Sawmill. Sawmills were the next most prevalent type of mill in
pioneer Tennessee. As was stated earlier, hewing logs and pit sawing by hand were both
laborious processes, so it was natural that powered sawmills were quick to be construct-
ed. Their design, construction, and operation were considerably different and more
complicated than grist mills. The basic construction techniques had been known in the
original colonies for over 150 years prior to the settlement of Tennessee. In addition,
Oliver Evans’ classical work The Young Mill-wright and Miller’s Guide, originally
published in 1795, gave descriptions and illustrations of the sawmill. It should again be
mentioned that these early sawmills operated quite differently from later circular
sawmills. The saw blade used was straight and very similar to the pit saw, somewhat
resembling the hand-operated crosscut saw better known today. It was commonly
mounted in a frame called the sash (hence the specific name “sash saw”), and worked up
and down, the sash traveling in “ways,” or fender posts. Other types of up-and-down
saws were gang saws ( with multiple blades) and the later “muley” saws. The term “up-
and-down” saw is the most general in describing these various designs (Ashby 2001).

The water power devices for the typical “up-and-down” sawmill were peculiar to that
type of mill. The reciprocating motion of the sash and blade was transmitted via a crank
and arm (the “pitman” arm, a term carried over from the role of the sawyer in the pit
during the old pit sawing days), the crank mounted to a flutter wheel. The flutter wheel
was a cross between the breast and undershot wheel. It was relatively small, and water
was fed to it through a gate and breast, behind which was usually a water box or penstock
of at least six-foot depth, providing head pressure and velocity. It was constructed with
paddles, and capable of providing around 100 strokes per minute to the saw. In an up-
and-down sawmill, there were three distinct movements required for sawing. One was of
course the stroke of the saw blade. Another was the advance of the log carriage into the
blade on each stroke. The third was the return of the carriage and log after completion of
a cut. The first two movements were accomplished by the flutter wheel. The third
required, in Evans’ design, a second water engine in the form of a tub wheel. The tub
wheel was only engaged by the operator at the end of the sawing step, to return the
carriage, so did not turn continuously. Referring to Figure 67, modified from Oliver

Evans’ book, the following describes the operation of an up-and-down sawmill:

49



A log is rolled up to the sawmill by use of the cant hook. The windlass and crank at
the front of the mill are used to drag the log onto the headblocks of the log carriage,
where it is secured by iron dogs. The sluice is drawn from the penstock, or water box, at
the forebay, putting the flutter wheel in motion. The crank attached to the shaft of the

flutter wheel then causes the pitman arm to move the saw blade up and down in the

fender posts.
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Figure 67. The up-and-down sawmill design of Oliver Evans.

As the blade carriage moves up and down, it communicates motion through the lever
and hand pole to the rag wheel. The iron hand on the end of the hand pole pushes the rag
wheel forward cog by cog, which in turn advances the log carriage on its ways for each
stroke of the saw. The saw only cuts on the down stroke. The up stroke allows the log to
move forward slightly for the next down stroke. When the blade is nearly to the end of
the log, a trigger is thrown (not shown), causing the sluice gate to drop automatically and
the saw to cease operation. Immediately the saw miller draws water onto the tub wheel,
which gently runs the log and carriage back for the next cut.

It is worth mentioning that not all up-and-down sawmills operated exactly this way.

Some later ones were powered entirely by one water turbine or a steam engine (Figure
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68). Others of a later design eliminated the sash altogether and employed mostly metal
parts. These represented the type known as “muley” saw (Ashby 2001).

Unfortunately, out of the hundreds of up-and-down sawmills operating in Tennessee
prior to 1850, none remain. In fact, there are fewer than 20 known to survive nationwide.
The system was very slow, and when circular saws became available shortly before the
Civil War, they rapidly replaced this method. In addition, an advantage of later designs
was portability. They could be operated by steam engines that could be moved from site
to site to minimize the difficult task of transporting logs to the mill. The water powered

up-and-down sawmill was of course locked into one location.
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Figure 68. Ledyard up-and-down sawmill powered by turbine, Ledyard, Connecticut.

Textile Beginnings. Also appearing in a few early mills in the state was textile
machinery, usually in the form of wool carding machines. During early settlement, most
clothing was made at home by hand methods. Wool and flax, and later cotton, were used

for this purpose. Taking wool as an example, the sheep were first sheared and the wool
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washed and hand picked to remove burrs and trash. Then it was carded. Carding was a
combing process performed commonly by children using a pair of paddles with curved
steel teeth. By placing clumps of wool on the paddles and combing it with the teeth
opposed (but not touching), the wool fibers were disentangled and oriented longitudinally
so they could be spun into yarn or thread (Figure 69). The resulting wool rolls were
removed from the combs and readied for the spinning wheel (Figure 70). The wheel was
either a treadle type of European design (for flax or wool) or a “walking” wheel,
associated with colonial America and having the distinctive large hand-turned wheel and

spike-like spindle. Spun wool was then wound onto a reel (Figure 71) or a weasel, then
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Figure 69. Hand carding cotton. Figure 70. Treadle spinning wheel.

transferred to the warping frame (Figure 72). This consisted of a rectangular wooden
framework with pegs, allowing multiple strands of yarn to be led back and forth around
the pegs until the desired length was obtained for weaving. The whole bundle of multiple
threads was then carefully knotted to prevent tangling and transferred to the hand loom. It
was attached to a large beam (the warp beam) at the rear of the loom, then threaded
individually through the string heddle eyes, in the pattern in which it would be woven.
Then the shuttle was loaded with a bobbin of yarn, and by treadling the loom in a certain

sequence and passing the shuttle back and forth, woven cloth was produced (Figure 73).
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Figure 73. Using a hand loom to weave cloth.

The most time-consuming portion of this process was carding, so it was natural that
this was the first to be mechanized. This occurred in England during the Industrial
Revolution, and manufactured carding machines were in use by the 1760’s. Export of
these and other textile equipment and knowledge to the colonies was forbidden by
England, to force purchase of English goods. However, the technology surreptitiously
found its way over, so by the time of the 1820 Census of Manufactures, there were
several carding machines operating in Tennessee mills. Carding was usually a sideline to

milling grain, because it was typically done in the spring after the sheep shearing. Again
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it was performed on a custom basis. The early carding machines were often “double”
wool cards, having two main cylinders and associated rollers for the combing. The
machines were mostly of wood construction, with brass bearings and a few other metal
parts, including some of the cylinders. The carding cloth (consisting of leather strips with
the steel teeth inserted - “filleting” was the technical term) had to be produced on
specialized machines, and was expensive and difficult to attach properly to the cylinders.
The only Tennessee mill with a double wool carding machine from the pioneer era is
Ketner’s Mill in Marion County (Figure 74). There are only two other cards of this type

known to survive nationwide, although several still exist in Canada.

Figure 74. Early nineteenth century carding machine at Ketner’s Mill in Marion County.

Spinning was the next step to be mechanized. A few Tennessee mills were spinning
prior to 1830. The earliest mechanized spinning machine was the jenny, invented by an
English mechanic named James Hargreaves in 1770 to spin cotton (Figure 75). This
primitive machine was replaced by the spinning jack in American factories as early as the
1820’s, a semi-automatic machine requiring a skilled operator and considerable floor
space. The machine was eventually made entirely automatic and called the spinning
mule. During the same period of mule use, ring spinners were developed and proved

easier to operate and maintain, so most mills converted.
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Figure 75. A spinning jenny, similar to that of James Hargreaves.

Power weaving was the last process to be performed by machines. Power looms first
appeared in the United States in New England in 1815 (Figure 76), but were somewhat
slow to find their way into Tennessee. Most weaving was still done at home. The 1850
Census of Manufactures lists Tennessee factories producing some cloth, but the earliest
use of power looms in the state is not known. These early textile mills will be discussed

later (Merrimack Valley Textile Museum 1977).

Figure 76. A Crompton power loom of 1876, capable of weaving 4 colors.
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Conclusion. Grain milling, saw milling, and carding were the principal “mill-related”
industries in Tennessee during the Pioneer Period. However, it should be noted that
many other water, hand, and animal powered operations existed in the state between
1777-1820, notably an active iron industry. In addition, there were distilleries, tanneries,
cotton gins, rope factories, wagon and buggy shops, brickyards, furniture shops, powder
mills, and paper manufactories, not to mention the “individual” crafts of blacksmithing,

pottery making, woodworking, etc. (1820 Tennessee Census of Manufactures).

The Pre-Civil War Period of Early Industrialization (1820 — 1860)

The 1820 Census of Manufactures for Tennessee, although incomplete, provides a
glimpse of the pioneer industries of that time, including the power sources and machinery
utilized, the raw materials consumed, the goods and services produced, the number of
workers, and the income. Water power played a major role, and the great majority of
establishments providing products for sale were powered by overshot water wheels.
During the next period, however, this began to change, as two new power sources
became increasingly popular — the water turbine and the steam engine.

The Water Turbine. Although primitive tub wheels had been known for hundreds of
years, the design and manufacture of the practical water turbine, whose runner or wheel
was fully encased, was not realized until the early nineteenth century, beginning in
France with the efforts of Koechlin, Fourneyron, and Jonval. This type turbine was
introduced into the United States by Ellwood Morris of Pennsylvania about 1842 (Hunter
1979), so “modern” water turbines were not associated with the settlement or Pioneer
Period in Tennessee (1777-1820). The turbine in its later form was perfected and
popularized by Uriah Boyden, who in 1844 designed a 75-horsepower unit for a textile
mill in Lowell, Massachusetts. Through the efforts of Boyden and James B. Francis
(1849), the French Fourneyron turbine became the leading type of water wheel in use in
New England for many years. Francis later produced his own design that still bears his
name, and after 1855 several inventors patented slight modifications. These included

Swain, Leffel, and McCormick, to mention only a few.
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Turbines superceded water wheels for manufacturing purposes by 1870. As turbine
manufacturers emerged to take advantage of the new technology, it became evident that
turbines had some distinct advantages over water wheels. Turbines took up less space and
were easier to install. They ran submerged and could be designed for great variations in
head of water (16 inches to over 600 feet) and flow, so could be built for much greater
capacities than water wheels. The fall of water means the natural fall or drop in the
course of a stream. The head is the vertical distance between the surface of the water at
the dam down to the surface of the water where the wheel or turbine is located (Leffel
n.d.). A turbine could continue to run efficiently (normally a maximum of about 82%)
under changes in head. Because of its relatively high speed, it could often be used
without the gearing and loss of power associated with water wheels. Turbines were also
less affected by ice (Mead 1915). Possibly the major appeal was the lower cost of the
turbine, especially compared to a large metal water wheel (Reynolds 1983).

It is not known when the earliest turbine was installed in a Tennessee mill, but an
early and primitive example survives at Ketner’s Mill in Marion County (Figure 77).
Clyde Ketner, a fourth-generation miller and millwright, stated before his death that this
turbine operated at Ketner’s Mill prior to the Civil War and possibly as early as the
1850’s. It should be noted that, in archaeological excavations at Brainerd Mission Mill
near Chattanooga in 1978-79, a primitive “turbine” was discovered. Its design more
closely resembled a tub wheel than a “modern” turbine, but the vanes were forged iron
imbedded into a heavy (vertical) wooden shaft and it was believed to have run submerged
(Figure 78). If this was true, it was more closely akin to a turbine than a tub wheel. This
device was believed to date to the early 1820’s (Lautzenheiser 1986).

With the turbine a wider range of water power sites could be developed. For example,
a site having low head but considerable flow was a poor location for an overshot
wheel, but perfectly suited for a turbine. Typically, a dam was constructed with a gating
system at one end, where water could be channeled into a water box called the penstock.
The early penstocks were constructed of heavy wooden timbers. They had to be two-
tiered. The turbine sat on the upper floor and discharged through a draft tube into the

lower chamber, where it emerged through the tailrace into the creek (Figure 79).
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Figure 77. The large pre-Civil War turbine at Ketner’s Mill in Marion County.
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Figure 78. Artist’s reconstruction of the Brainerd Mission Mill turbine.

The penstock could also be built of stone, and was later almost exclusively
constructed of concrete. The turbine and penstock could be located either outside or
under the mill structure. Power was normally transmitted via a vertical shaft from the
turbine to a large bevel gear. This gear meshed with a second gear at right angles to it,
and entered the mill or basement horizontally (Figure 80). One of the gears usually had
wooden cogs or teeth, causing the gears to run quietly. It was fairly easy to replace the
teeth as they wore, rather than having to replace entire cast iron gears. Pulleys were
attached to this main horizontal line shaft, from which flat belts ran to power other

jackshafts and machinery.

58



D WATER.

¥

: : ',.“_‘j' ' »4‘ .:.» ‘ . : ooy -; D“i‘n 20 i'._"_‘;'__'_ ;‘ -
Figure 79. A Leffel turbine showing penstock, or water box, and tailrace.

When ready to operate, water was admitted into the penstock from the headgate at the
dam, and rose to the pond level. The turbine was supplied with a means of admitting
water into its runner (the portion inside the casing that turned) via a linkage to the inside
of the mill. Three designs were patented for the common style of turbine known as the
reaction wheel. In the cylinder gate, an entire outer case was lifted by rack and pinion
gears attached to the top of the turbine (Figure 81), thereby allowing water to flow
through slots in the casing and strike the runner blades (there were other less common
modifications). The register gate system rotated the cylinder instead of lifting it, and there

were register holes in this outer casing that lined up with those that admitted water to the
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Figure 80. A typical three-turbine installation showing bevel gears, line shafts, belts, and
pulleys for driving mill machinery. This is actually from Freeman Mill in North Carolina,
but is representative of many Tennessee turbine powered mills.

runner (Figure 82). The third design was the wicket gate, used by James Leffel and
Company of Springfield, Ohio, the largest and longest-lived manufacturer of water
turbines. In this design, swivel gates around the perimeter of the turbine casing are
attached to rods on top of the casing, the opposite ends of these rods being attached to an
iron ring around the center shaft. By rotating the ring, pins would engage and pull the
rods, thereby opening or closing the gates and admitting more or less water to the runner.
These turbines are the easiest to recognize, since the top rod configuration gives the

appearance of a spider or octopus (Figure 83).
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Figure 81. Turbine with cylinder gate. Figure 82. Turbine with register gate.

The speed and power of the turbine could be controlled to an extent by the amount of
gate opening, much like the old water wheel. As heavy milling machinery was engaged,
the turbine would slow down a bit, so the operator compensated by opening the gates
slightly until stability was reached. It was not long before companies like Woodward
began manufacturing turbine governors which utilized flyballs and complicated
mechanisms to keep the turbine speed constant (Figure 84). This became especially
important in later years in hydroelectric installations.

The principal disadvantages of turbines over water wheels were debris and cavitation.

The turbines would suck in any kind of trash that came through the penstock, including

Figure 83. A pre-1913 Leffel turbine with wicket gate design, showing link rods to gates
and gate control rod going upward into mill, also drive shaft and upper bearing case.
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Figure 84. A 1923 Woodward mechanical (flyball) water turbine speed governor.

sticks, rocks, sand, snakes, fish, and walnuts. These were of no matter to the water wheel
- they would simply enter a bucket and be dumped out at the bottom. But more than one
old turbine miller had a tale to tell of the catfish that stopped his turbine or twisted off its
shaft. To reduce this possibility, most mill owners installed trash racks ahead of the
headgate. The trash rack was usually constructed of vertical wooden slats spaced about
one-half to one inch apart, and battered or sloped upstream (Figure 85). No cross pieces
were attached so that a rake could be used to clean the rack each day. This alleviated
most of the debris trouble until a hole developed or the rack was destroyed by a flood-
borne log. Still, the penstock had to be drained often and the turbine gates cleaned,
because even a small stick lodged in a gate could keep the miller from stopping the
turbine without running out to close the headgate. Cavitation was more serious. It was a
result of a basic design flaw with the reaction turbine which, practically speaking, was
unavoidable. The term defines an erosion of the runner blades resulting from the impact
of turbulent air bubbles as the water surges through the turbine. It is not, as most
believed, due to sediment. After a long period, the runner had to be replaced, and this was

the most expensive portion of the turbine.
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Figure 85. The turbine trash rack at Ketner’s Mill in Marion County, Tennessee.

Another interesting feature of almost all turbines is the fact that they ran on wooden
bearings. The lower bearing was rounded on top, and the entire weight of the runner and
shaft turned on it. The bottom of the shaft was cupped to fit this bearing. The upper
wooden bearing was usually made in three or four pieces at the top of the turbine, and
these were fitted with adjusting bolts to take up wear. The wood used for many years was
lignum vitae, a Central American wood of great density and hardness. It had a natural oil,
and when kept wet, was self-lubricating. It was therefore very important to keep the
turbines submerged even when not in use, to extend the life of the bearings. Turbines and
bearings could sometimes run fifty years or more with basic maintenance and cleaning
(Figure 86).

Still another peculiarity with turbines was the fact that they could run efficiently if
located far above the tailrace level, by use of an appropriate draft tube (discharge
cylinder). The draft tube was critical to the operation of the device. It was a flared tube
attached to the bottom of the turbine casing below the runner. It supported the bridgetree,
which held the lower lignum vitae bearing. The lower end of the draft tube had to be
submerged a couple of inches into the waters of the tailrace (or a specially designed
sluice) to provide a hydraulic seal. As long as this requirement was met, the turbine could
actually be placed well above the tailrace without a significant loss in efficiency. Of

course the draft tube had to be much longer than normally supplied from the factory.
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Figure 86. A Leffel turbine with all parts labeled (this is a post-1913 design).

The pre-Civil War turbines were more common in New England than in the South. In
fact, in 1855 James Francis reported that the turbine had begun to replace the breast
wheel in Lowell, Massachusetts, the most important water power center in the U.S.
(Reynolds 1983). The primary heyday of the turbine in Tennessee was the period of
Reconstruction, but its use before the Civil War cannot be neglected.

The Steam Engine. In fact, the steam engine’s development preceded that of the
water turbine by decades. It had been perfected in England during the first half of the
eighteenth century by Thomas Savery, James Watt, Thomas Newcomen, and others. The
earliest of these engines was of a type known as “beam engine,” and used primarily for
pumping water from mines. The more familiar reciprocating engine with flywheel came
along later, and was better suited for powering mills and factories (Figure 87). Again, it
is not known for certain when the first steam engine came into use in Tennessee, but six
are listed in Eastin Morris’ Tennessee Gazetteer of 1834. Four of these were powering
grist and saw mills, one was running an iron rolling mill, and one was a “high-pressure”

engine used for pumping water for the city of Nashville. It is interesting to note that four
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of the six were located in Nashville, one in Carthage (Smith County), and one in Dover
(Stewart County). All these locations are on major rivers, so it is probable that the
widespread use of steam engines was limited by the difficulty in transporting their heavy

parts until rail lines were established, mainly in the 1850’s.

Figure 87. A typical stationary steam engine and boiler sold by the Frick Company of
Waynesboro, Pennsylvania, in the second half of the nineteenth century.

Steam engines required boilers to produce the steam for operation. During the early
industrial period, these were locomotive-type boilers as used on steamboats and railroad
engines (again see Figure 87). Fuel was usually wood, and sometimes coal. Even though
the steam engine was not limited to location as much as the water powered mill, its boiler
still needed a ready water source for replenishment. It sometimes took an hour to get up
enough steam to begin operation, but once going, the steam engine provided a smooth,
quiet, powerful, and consistent power source. In the usual setup, the boiler room was
separated from the manufacturing area due to heat and danger from explosion. Steam was
piped into the cylinder of the engine, and the spent steam exhausted outside. The piston
and connecting rod transferred reciprocating motion to a large rotating flywheel, which
often doubled as the main drive pulley for the machinery. A large flat leather belt ran
from the flywheel to a smaller pulley on the main line shaft through the building (Figure
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88). Separate machines then ran from belts and pulleys along this and secondary shatfts,
as in the water powered factories. The trick to keeping the steam engine efficient was the
maintenance of boiler pressure to the cylinder. Therefore, a fireman kept vigilance on the
pressure gage and stoked the firebox accordingly. The engineer was in charge of the

maintenance and operation of the engine itself.

Figure 88. Two views of a restored and operating stationary steam engine, showing
typical flat belt drive off the flywheel to a smaller pulley on an overhead line shatft.

The number of steam powered establishments in Tennessee in 1860 is unknown, but
by 1870 the horsepower provided by steam engines almost equaled that produced by
water wheels (including turbines) (Ninth Census 1872). This number continued to
increase due to several reasons. As the state became more populated, milling
establishments and factories necessarily grew in capacity and number to meet the demand
for consumer goods. But at the same time, water power sites were diminishing,
particularly those large enough to support the bigger mills. In addition, regulations
governing new dam construction were becoming more restrictive (General Assembly of
Tennessee 1857-58). As technology within the iron and machining industries improved,
so better quality castings and machined parts guaranteed more reliable steam engines and

boilers. And after the Civil War period, steam engines and boilers began to be combined
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as one unit and placed on skids or wheels for easier portability. This proved to be

especially advantageous for saw milling (Figure 89).

o vk, )

Figure 89. Portable Case sawmill and skid-mounted steam engine of 1882.

Grain Milling in the Early Industrialization Period. Between 1820 and 1860,
Tennessee’s population more than doubled, from 422,771 to 1,109,801 (Ninth Census
1872). Cities were expanding, and although the focus was still primarily agrarian, the
number of people self-reliant was decreasing. Transportation was improving during the
period also. Railroads had appeared in parts of the state in the 1840’s, and by the next
decade their construction was well under way. This provided the opportunity for
merchant mills to increase their distribution area, and some large ones were built.

By this time, Oliver Evans’ improved system of grain handling and milling had
become widely accepted (Figure 90). Most mills of any size had efficient methods of
unloading grain. Typically, the grain arrived by wagon or boat, and later by rail. Wagons
were often built with a dump bed, and were driven to the mill and onto a wagon scale.
After weighing, they dumped their loads into a bin with an inclined bottom, where the
grain slid down to the bottom of an elevator (called the boot). Metal cups on a continuous
belt would pick up the grain and carry it to the cleaners on an upper floor. After cleaning,
the grain would be again transported by elevator and auger to storage bins above the

millstones. Inthe smaller mills, grain was still handled in bags, usually weighing 100
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Figure 90. An Evans system mill designed by noted millwright Thomas Ellicott, to
receive grain from ship (left) or wagon. Numbered items are as follows: 1: receiving bin;
2: fan for aspirating grain; 3, 17, 28, and 29: elevators; 4: grain garner; 5, 6: hopper and
stones; 7: grain bin over rolling screen 8; 9, 10, 11, 12, 25: treatment of stock from
rolling screen; 13, 14: grinding stones; 15, 16: conveyors for ground stock; 18: hopper-
boy; 19-24: bolters, packing-chest, and middlings devices; 26: air passage; 27, 30:
conveyors; 29: elevator for unloading ships, with the top shown from a 90° angle at 31.

pounds. But by this time, the elevator had for the most part eliminated the need for
manually carrying the big sacks upstairs to the cleaners.

All mills during this era utilized millstones for grinding. Quarries were active, and
manufacturers of stone buhr mills were increasing. Many French buhr stones continued to
be imported, for many millers believed them superior for wheat grinding. However, good
quality native stones of granite or conglomerate were being quarried in almost every state
east of the Mississippi River, particularly in New York and Maryland. Sizes ranged from

2-foot diameter (occasionally smaller) to 6-foot diameter, depending on the preference of
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the customer and the power available. Sizes eventually reached some degree of
standardization, although this was not universal. Typical sizes were diameters of 24, 30,
36, 42, 48, 52, 60, and 72 inches. A pair of 72-inch granite millstones might easily weigh
5,000 pounds, so since these were so difficult to lift and transport, they were rarely used.
The most common sizes became the 42 and 48-inch diameters.

As discussed earlier, the accepted technique for grinding wheat during this time was
known as the American, or flat-grind system (later known as Old Process), whereby the
grain passed through the millstones only once (Figure 91). Because they were set to run
very close, the flour emerged in a hot state with powdery endosperm and much finely
broken bran. This was graham flour, or finely milled whole wheat flour. There was a
desire during this time to eliminate as much of the bran as possible to produce a whiter
product. This marked the beginning of a movement which has had profound nutritional
effects upon the population. During the early part of the nineteenth century, research was
finally being conducted to determine the effects of the components of wheat flour on
digestion. It was believed that the endosperm of the wheat berry was the only digestible
portion, and that the bran was an undesirable component. Whole wheat flour came to be
somewhat associated with the poorer classes, whereas white flour was highly prized,
nicer to look at, and easier to bake with. As a result, millers were striving to turn out the
most desirable product for the consumer. But by flat grinding, they didn’t realize they
were destroying much of the nutritional value of the wheat and removing the valuable
fiber content.

A typical pre-Civil War Tennessee merchant mill would have a set of millstones
devoted to corn grinding and two or three sets (sometimes more) for wheat grinding. In
the 1820 Census of Manufactures, one mill owner in Jefferson County stated that he had
11 sets of millstones, but this was unusual. Many smaller Old Process mills had only one
set of stones, as in Figure 91. After the flour emerged from the stones, it was picked up
by elevators and carried to one of the upper floors. Here it was cooled before it could pass
through the bolters, or sifters. Cooling was done either by spreading the flour on the
floor, or by use of Evans’ “hopper-boy,” as described earlier. When the cooled flour

passed to the bolters, the bran and “shorts” were separated and sold for animal feed.
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Figure 91. An early nineteenth century American or “Old Process” mill with machinery
labeled. Wheat entered a basement receiving bin (left) and was transported by elevator to
a rolling screen and smutter, or receiving separator, on the upper floor, where it was
cleaned. It then passed into the garnering bin above the millstones. The stones were set
close, and the hot flour emerging was again elevated to the hopper-boy for cooling. It
then passed into a bolting reel having various grades of cloth (shown by numbers) for
separation. The middlings were often reground with the next wheat batch, but shorts and
bran were commonly used for animal feed.

Sometimes more than one separation of the flour was made, and the rough flour or
middlings was reground on the same or a second set of millstones, but this was not
common until later.

Because of the flat grinding system, millstones dulled quickly. The grinding process
would remove minute amounts of the cutting surface on the lands, or flat areas of the
millstones, and the flour would build up a glaze over the surfaces. For flat grinding, the
lands were made as large as possible, and the furrows were narrow (Figure 92). The
quality of the stones themselves determined to a large degree how long they would hold

up before sharpening, or dressing, was required. As stated, many millers believed French
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buhr was best due to its hardness and the natural pockets in the stone, which (it was
thought) stayed continually sharp as the stone face wore. It was actually the hardest rock
in the world ever used for millstones, based on the Rockwell hardness scale. But some
grades of granite, such as Balfour pink, were almost as hard (Meadows 1999). No matter,
however, with the American grinding system, dressing stones was a frequent (sometimes
weekly), tedious, and dangerous affair. If it were not performed regularly, more friction

would be produced by the stones, the flour would be further heated, and more endosperm

destruction would occur.
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Figure 92. On left, a portion of the grinding face of a millstone furrowed with a “three-
quarter dress” and designed for clockwise rotation of the runner stone, with features
labeled. When the faces of both runner and bedstone are turned upright, their furrow
patterns appear identical. When grinding, they are reversed. The drawing on the right
represents the shearing action as the runner rotates in a clockwise direction as viewed
from above.

Stone dressing was an art passed from master to apprentice, and some were able to
achieve a high degree of skill. First, the upper (runner) stone had to be lifted from the
bedstone and swung clear. By the early industrialization period in Tennessee, a wooden
crane was almost universally used for this purpose. The crane was permanently mounted
next to the stones. Sometimes each set had its own crane, sometimes one was used to
service two sets of stones, by being centrally placed. The crane consisted of a vertical
post which pivoted in a top and bottom plate. From the upper portion of the post, a
horizontal wooden arm protruded to a point just past the center of the millstones. The arm
was mortised and pegged through the post, and supported on its outer end with a diagonal
brace. Most of the cranes were supplied by the millstone manufacturer and built of oak or

heart (longleaf) pine. On the end of the arm and directly above the center of the stones
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was a hole through which an iron worm screw was inserted. The screw had a hand crank
on the upper end and a hook on the lower, on which a set of iron lifting bails was hung.
The bails resembled a giant set of ice tongs, and could be secured by pins into two holes,

one on each side of the runner stone (Figure 93).

Figure 93. The crane, lifting screw, crank, and bails secured to the runner stone. The
runner has been lifted off the bedstone, turned over, and swung clear for dressing.

To begin the lifting procedure, the wooden hopper, hopper stand, and hoop were lifted
off the stones and set aside. The crane was swung around until the arm and screw were
directly over the runner. Then the bail pins were inserted into the holes. Next, the crank
was turned with great effort, until the runner stone was lifted clear of the drive iron which
engaged it. The stone could then be turned round and round while securing the crank,
thereby allowing the screw to crawl up and further lift the stone clear of the shaft. Once
clear, the crane and millstone were carefully swung off the bedstone. This was probably
the most dangerous part of the lifting process, and the wooden crane would typically pop

and groan under the strain. It was next necessary to turn the runner stone over while
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suspended in the bails. If the holes were not bored in the side of the stone at the balance
points, this procedure was extremely difficult and required up to four men. In most cases,
with proper placement of the holes, one man could easily accomplish the task. The runner
was then cranked down to the platform on which it would be dressed.

If the miller or millwright was experienced, he would dress his own stones. If not,
itinerant millstone dressers traveled the countryside for this purpose. Since down time at
the merchant mills translated to lost revenue, it was vital to accomplish the job as quickly
as possible. Likely the dressers would begin at the end of the work day and proceed
through the night, working under oil lamps, so the millstones would be ready again by the
next day. With only one person working, a set of 48-inch stones might take 24 hours or
more to dress, if the furrows had to be re-sharpened as well as the lands, so it is probable
that crews of at least two did the work, one on each stone. Just a “freshening-up” of the
lands could be done quicker. The entire process was performed with hand-held picks
having chisel heads (Figure 94). These were either furrowing picks or lighter dressing
picks. Furrows were laid out on the stones originally to accommodate the type of grain
milled and the preferences of the miller. Various designs were in common use, including
the quarter-dress (probably the most common), the straight or union dress, and the sickle
dress (Figure 95). Furrows emanated from a point tangent to an imaginary “draft” circle
at the center of the stone and proceeded to the outer edge (refer back to Figure 92). A
rough rule of thumb was to make their depth at the edge a little less than the thickness of
the grain being milled, then deepen it slightly as it moved in. Therefore, furrows for corn
grinding were typically deeper than for wheat. The furrows were also inclined across
their width, having a back edge and a feather edge. When the runner stone was placed
back over the bedstone, these furrows resembled shears, and in fact had a shearing or
slicing effect as the grain passed through (again see Figure 92). They were designed to
move the grain spirally out as it was reduced by the shearing of the furrows and the
grinding of the lands, or flat surfaces between the furrows. There was much debate
among millers for centuries over the proper design and function of the furrows, and as

milling techniques changed, so did the furrow patterns.
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Figure 94. Typical mill picks for dressing stones, and the technique shown on the right.

Figure 95. Three typical millstone furrow patterns, left to right: quarter dress, straight or
union dress (in this case for counter-clockwise rotation), and less common sickle dress.

Normally, the furrows would not wear down as the lands, so they would only require
an extensive picking about every third or fourth dressing. This was done with the heavy
furrowing pick, beginning with sharp blows, then refining these as the proper width and
incline were finished. The lands were pecked more gently with a lighter pick. On wheat
stones, sometimes intricate cracking lines were incorporated across the lands, running
parallel to the furrows. Some stone dressers were so experienced they could produce
more than 50 cracking lines to the inch, and they would appear as continuous lines across
the entire land, even though the head of the pick was at most 1-1/2 inches wide. In order
to accomplish this intricate work, it was necessary that the picks be kept quite sharp. The
harder the stone, the quicker they would dull from the blows, so it was prudent to have

several heads available. They had to be re-sharpened and tempered by a knowledgeable
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blacksmith, or they would chip and dull in a short time. Gloves were rarely worn by stone
dressers, so over a long period, steel flecks would imbed in their hands. It is said the
expression “to test a man’s mettle” derived from the practice of the mill owner checking
the stone dresser’s hands for metal to evaluate his experience with his craft. Another
condition known as “miller’s thumb” was said to be a numbing of the thumb after many
years of steel impregnation and gripping the pick. Eye protection was probably not used,
either. As the picking proceeded, not only metal but pieces of stone would fly off, so the
dresser’s eyes were in constant danger. Another problem with sharpening a round stone
was that it was virtually impossible to find a comfortable position in which to work,
particularly on the bedstone. The accepted position was to recline with one shoulder
resting on a sack of bran, the face almost level with the mill pick. This was thought to
afford more control over the blows. The whole process required more patience, tenacity,
and skill than strength.

Periodically during the dressing, a dye or paint staff of wood was passed over the face
of each stone to check for high spots. The dye staff was trued against a heavy iron proof
staff, which carried a bubble and doubled as a level for the bedstone (Figure 96). Dye was
powdered red oxide or chalk, sometimes mixed with water and painted onto the staff,
sometimes used dry. High spots which appeared were again worked down with the
pick until an even distribution of dye was obtained around the outer six inches or so of
the stone’s perimeter (Figure 97). This area was called the skirt and accomplished the
finish grinding. The inner portion, or bosom, was usually slightly dished or concave to
allow the grain to enter more freely from the center hole and produce a gradual reduction
as it moved on its spiral path outward. The finished lands would feel like coarse
sandpaper to the touch, although some of the sharpness would be scoured away after the
first few bushels were ground (this first grinding was discarded by the prudent miller).
The stones would then settle down and grind consistently for some time, until another
dressing was required. This could usually be foretold by the temperature with which the
meal or flour emerged from the spout — the hotter it was, the duller were the stones.

Other requirements were necessary for a set of millstones to operate properly besides
appropriate dress. First, the shaft had to be trammed, or placed in alignment with the

bedstone. This was accomplished using a homemade wooden trammel, designed to slip
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Figure 96. A 48-inch dye staff (left) and 36-inch proof staff. The lengths of these tools
were determined by the diameters of the stones they were to service.

Figure 97. “Staffing” the runner stone with the dye, or paint, staff. Notice the presence of
dye on the outer six inches or so of the face of the stone, which is desirable.

over the top of the shaft and rotate with it (Figure 98). At the tip of the trammel was

inserted a nail or quill, which hung down and barely touched the face of the bedstone at

its outer perimeter. If the shaft was “in tram,” or perfectly perpendicular to the face of the

bedstone, the trammel quill would just scratch the face as the shaft was rotated slowly. If

the quill rose and fell, it was necessary to go into the basement under the stones and
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move the bottom of the shaft. This was accomplished by wedges or, on later mills, by
tramming screws which could shift the whole tram pot, bearing, and shaft slightly one

way or another. The quill method was repeated until satisfactory results were obtained.

Figure 98. Tramming the bedstone, with the trammel in place over the shaft, and the nail
scratching around the perimeter of the stone. The hand wheel at the lower left is used to
lift or lower the runner stone, once it is set in place on the shaft.

Second, and very importantly, the runner had to be balanced. If it was not, it would
rotate unevenly and bump and wear excessively. In the worst case, it could fly apart, and
some millers were killed by bursting millstones. When the runner was placed back onto
the shaft after dressing, the static or standing balance was checked. If the stone was lifted
a quarter inch or so above the bedstone and tipped on one side, it should rock back to a
level position if statically balanced. The more critical, however, was the running balance.
The mill power was engaged and the runner allowed to spin slowly. By observation or the
use of pencil markings, the millwright could determine if the stone was running true. If
not, means were provided to balance it. Typically, only the grinding side of a millstone
was finished; the other side was left rough and covered with a smooth layer of plaster.
This could be gouged and molten lead or other weights placed in the hole on the light
side. (In removing old plaster for restoration on some millstones, the author has found

numerous buried railroad spikes, plow points, bolts, rocks, and assorted other weights
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employed for balancing.) On later millstones, the manufacturers provided balance pots
around the edge of the runner. They were usually four in number and could be filled with
weights such as lead shot and covered. In more sophisticated designs, adjustable weights

which could be screwed up or down were provided (Figure 99).

———-
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Figure 99. The runner stone on the left is out of balance, so the adjustable weights in the
balance pots on the perimeter of the stone are moved to restore running balance (right).

After all adjustments were made and the runner was turning correctly, the wooden
parts were reassembled. The hoop or tun, the hopper stand, the hopper, the shoe, and the
damsel or rattle staff were all designed to slip, nest, or peg into place without bolts or
screws. The lifting screw and bails were usually left on the crane, and its arm was rotated

out of the way and left until needed again. The mill was now ready to grind (Figure 100).

Figure 100. A complete set of millstones with bags of corn standing by.
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The miller would fill the hopper by hand or by releasing a sliding valve in a drop
chute from an upstairs grain storage bin. The power source would be accelerated and the
shoe lowered to begin dribbling the grain into the center of the stones (Figure 101). The
feed was adjusted depending upon the type of grain, moisture content, and power avail-
able. As grain began to make its way from center to outer edge of the stones, the meal or
flour would encounter the inside of the hoop and build up. Eventually it would begin to
drop out the spout in the front of the hoop (Figure 102). Some stones were equipped with
a scraper, or flat piece of metal, mounted to the iron band of the rotating runner, which
helped keep the product pushed to the spout and relieved clogging. The miller would
listen to the “song of the damsel” to know whether he was running at the proper speed
and feed. This was the bumping of the rattle staff as its rotating lugs encountered the
shoe. As the meal or flour fell from the spout, it was either collected in a bin and scooped
out for bagging, or picked up by elevator and carried upstairs to be bolted. The bolted
product would fall back to another bagging bin, and the bran sifted off would typically be

dropped into the tailrace or collected for animal feed.
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Figure 101. A? the “fiamsel” bumps the Figure 102. Meal emeré)m spout.
shoe, corn is fed into the stones. Note tentering screw and crank.

From this point, the milling became more or less automatic and continuous, until the
grain supply ran low or the collection bin filled up. The miller had to be vigilant and
never allow the stones to run dry and rub against one another. In some cases, their
grinding surfaces could be destroyed in less than a minute, requiring the laborious task of

dressing once again.
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Saw Milling in the Early Industrialization Period. The up-and-down sawmill
continued to be utilized throughout this period, although circular saws became known
before the Civil War (the first was actually invented in 1777). An 1856 ad offered for sale
a steam engine, boiler, and circular saw mill then located on the Big Harpeth River in
Dickson County (Nashville Union and American 1856). Circular sawmills operated much
faster than straight saws, so gained popularity quickly and almost completely supplanted
the old up-and-down saws. Another advantage was their portability. Because of the
complex mechanism required to support an up-and-down sawmill, and the usual
requirement of a water source for power, they were not typically movable. Hence, logs
had to be brought, sometimes with great effort, to the mill. With the development of
smaller and more portable steam engines, however, a circular sawmill could be set up at
the logging site, and moved as needed. Since this later type of sawmill is primarily
associated with the post-Civil War period, a detailed description of its characteristics and
operation will be presented in the next time period’s discussion.

In addition to the rough-sawn lumber produced during this era, finishing mills
continued to be erected in increasing numbers to meet the demand for planed lumber,
siding, and decorative trim or moldings for residential and commercial construction.
There were significant developments in machinery to meet these needs. Laborious hand
planing methods were superceded by rotary planers and molding machines. Drill presses,
table saws, band saws, jointers, mortising machines, cutoff saws, and many other types of
specialty equipment were introduced (Figure 103).

Textile Factories of the Early Industrialization Period. Technology was rapidly
developing in the textile industry, as a result of the Industrial Revolution which began
in England. Numerous patents for improved machinery and devices were granted before
the Civil War. Although the basic processes remained as outlined in the Pioneer Period,
the means for accomplishing these tasks became more efficient and less labor intensive.
For example, mechanized pickers were introduced to remove the burrs and trash from
wool and cotton (Figure 104), and improvements to the cotton gin were perfected. The
gin, in fact, moved from a small, slave or animal powered device to a set of machines
powered by sweeps, water wheels, or steam engines. Automatic feeders for carding

machines were also introduced, saving operatives the chore of constantly standing before
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Figure 103. Flat belt driven woodworking machinery, clockwise from top left: molding
machine, planer, band saw, chain mortising machine, swinging cutoff saw.

the machine to keep it supplied with wool or cotton (Figure 105). Perhaps one of the
greatest advances was the perfection of the automatic spinning mule (Figure 106), which
eventually supplanted the earlier semi-automatic jacks. Jacks, however, were the most
prevalent spinning machines in American factories prior to the Civil War. Power looms
also began to be equipped with devices that allowed greater pattern variation in weaving,
including pattern chains and shuttle boxes that could accommodate multiple shuttles and
thread colors (Figure 107). By 1860, the typical Tennessee textile factory employed
multiple carding machines, spinning devices, and power looms. Many also had dyeing

and finishing facilities. Often the structure that housed these operations was multi-storied
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and heavily timbered to support the great weight of the machinery. A floor was
commonly devoted to each of the major steps in the textile process (carding, spinning,

weaving, and finishing) (Figure 108) (Homespun to Factory Made 1977).
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Figure 105. Automatic Bramwell wool feeder (left) for a Davis and Furber carding
machine, from a catalog of circa 1897.
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Figure 106. An 1881 Johnson and Bassett automatic spinning mule.

Some of the pre-Civil War textile mills in Tennessee produced only carded wool for
home spinning and weaving, and yarns and threads of cotton. The earlier textile factory at
Falls Mill was a good example. It was housed in a large timber and frame building, which
survived after the present brick and timber structure was completed in 1873, being finally
torn down by the owners in 1881. Many of the other textile factories in the state were
destroyed during the Civil War. Evidence suggests that three in Franklin County alone
were burned. Most were producing goods to support the Confederacy. Unfortunately, no
examples from the pre-war period are known to survive in the state, and very few built
prior to 1900 exist (1873 Falls Mill is the earliest) (Lovett 2000).

These early textile factories employed, as a rule, female and child operatives, with
males as overseers in the various departments of carding, spinning, and weaving. A
female’s hands were smaller and more dexterous, and thereby suited for the textile pro-
cess. Children were quick and could dart in and out of the spinning machines and tie up
broken threads. They could also keep the machines supplied. Men were typically more
knowledgeable about the mechanical aspects of the machinery, and could keep it

maintained (Homespun to Factory Made 1977).
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Figure 107. A fancy broad loom of the Crompton Loom Works from 1876, capable of a
wide variety of weaving patterns and colors.

Work in these factories was harsh and dangerous. Noise, particularly in the power
weaving area, was deafening. Lint floated in the air and was breathed constantly. The
“kiss-of-death” shuttles on the power looms required the operative to suck the thread
through a small hole to thread the shuttle, thereby transmitting disease, particularly tuber-
culosis, among workers. The spinning jacks and mules had movable carriages, sometimes
over 60 feet long, behind which workers had to crawl to tie up broken threads as the
machine continued to operate. But perhaps the most dangerous machine was the card. Its
steel-toothed rollers were designed to pull anything into the machine that became caught,
be it wool, cotton, shirt sleeves, fingers, or hands. Once started in, there was usually no
stopping the machine quickly enough to save the worker’s fingers or hand. In addition,
these textile machines had unguarded gears and flapping belts, which provided a constant
menace to the workers (Homespun to Factory Made 1977).

The factory systems in those early times were different than today. The factories did
most of their processing for wool in the spring and summer, and for cotton in the fall. The
workday was typically from sunup to sundown, about twelve hours per day, six days per

week. However, the factory might not be open year-round (Lovett 2000).
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Figure 108. A representative three-story woolen textile mill, showing location of
machinery and processing areas, and sequence of flow of materials.
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In most cases, textile production serviced a more or less localized market, although
after 1850 when many railroads came to Tennessee, shipping was faster. Prior to that
time, any large-scale shipment of goods had to be by boat. For some factories located
away from navigable rivers, this could only be accomplished on smaller streams in times
of high water. Overland transport prior to rails was by stage or wagon, and the bulk of
goods shipped was of course severely limited by the capacity of the wheeled vehicle and
its horses, mules, or oxen. Travel was very slow, roads were primitive, and bridges were
scarce.

Power Transmission Equipment. Virtually all manufactured machines during this
time were designed for flat belt drives, since this system was almost universal in
factories, mills, and shops of the period. Often the drives were equipped with two pulleys,
one a “loose” or idling pulley, the other the drive pulley. While the machine was not in
use, the belt could be kept running around the loose pulley, which simply spun on the
drive shaft but did not power the machine. When ready to run, the operator would shift
the belt to the driving pulley by a wooden shifting lever or similar device. Later, clutches
with wooden friction blocks were utilized for the same purpose. More primitive systems
required the operator to throw the belt on or off the pulley while the belt was in motion. It
was pulled onto the running pulley by hand (Figure 109), preferably at a low idling
speed, and usually pushed off with a stick. Care had to be exercised, particularly with

Figure 109. Pulling a flat belt onto a rotating pulley by hand.

larger belts and pulleys, to avoid pinching the fingers between the belt and pulley face, or
getting caught up in the belt. Most belts used for these purposes were leather, until rubber
belts became available for outdoor use. A whole technology developed around belt

applications, including splicing methods (gluing or lacing), slippage, crowning, wooden
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versus metal pulleys, power transmitted, pulley ratios for speed requirements, idling or
tensioning pulleys, quarter-turn belts, and crossed belts (Figure 110). Ingenious methods
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Figure 110. Various methods for transmitting power and changing planes and rotational
directions of pulleys, utilizing flat belts and idling pulleys.

for running belts in situations where the planes of the pulleys changed were conceived.
For example, in many water turbine mills, the drive pulley would be mounted in a
horizontal plane on the top of the turbine shaft, which was normally vertical. Most of the
pulleys on the machinery, however, were vertical, so a quarter-turn belt was required to
run from the horizontal turbine pulley to the vertical pulley of a jackshaft. Specific
requirements had to be met for positioning these two pulleys, or the belt would not track
and could run off. Also, the strain on the belt had to be considered when splicing. In cases
where the machine had to run in a direction opposite the main power shaft, full-turn or

crossed belts were employed. Wooden pulleys, usually manufactured from laminate
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sections, were said to be better power transmitters than steel or cast iron pulleys. In any
case, however, the pulley was crowned, or made slightly higher around the center face, to
keep the belt tracking to the center. The only exception was on loose pulleys or those
used to carry shifting belts (Machinery’s Handbook 1959).

The production of leather power transmission belts was also a specialized craft. Belts
had to be uniform in width and thickness, and had to be lap spliced and glued so they
could be made in long lengths. Most final splicing was done in the mill, after careful
measurements were taken. Stitching patterns were known for connecting belt ends, and
glues were also employed. Stretching and dry cracking had to be considered, as well as
which side to run next to the pulley face (the grain or hair side was recommended).

In some early mills of this period, pulleys (if used at all) were “home-made” and
mounted on wooden shafts constructed similar to water wheel shafts, except on a smaller
scale (Figure 111). However, as iron and steel production progressed, shafts of steel
carried most pulleys in the larger mills and factories by the time of the Civil War. These
shafts ran in wooden or babbitt bearings. Hard maple was used extensively for bearings
(Figure 112), but as these wore, other hard, local woods such as oak, osage orange, and
locust were substituted. Babbitt is a metal consisting, originally, of a mixture of tin,

copper, and antimony. It pours at about 800 degrees Fahrenheit, and could be molded
i ; ——

Figure 112. A hard maple shaft bea

| Figure 111. Wooden shafts and pulleys /
in a pre-Civil War mill (Selma, AL) with cap removed.

ring,

around a shaft to form a long-lived and exceptional bearing surface. It could even

conform to worn shafts. Most bearings of this type were two-piece cast iron, having a
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lower base and a removable cap. To pour the lower base, the shaft or a piece of the same
diameter was positioned slightly above the base of the bearing box. Then a special clay
was used to dam each end. The babbitt metal was heated to its pouring temperature and
poured into the mold quickly (Figure 113). It hardened in a short time and could be
scraped out and finished with oil slots. The bearing cap was then placed over the base and
shimmed up slightly with wooden or metal shims, dammed as before, and poured through
the top oil hole. The cap was then removed, the oil hole drilled back out, and the bearing
made ready to function. It usually was supported in a ceiling or wall hanger or bracket of
metal, sometimes having adjusting screws to help true the bearing up with the line shatft.
As the babbitt wore, the shims were removed so the cap could be kept snug around the
rotating shaft. If kept frequently lubricated, these bearings could last more than fifty years
without re-pouring. Later a lower grade of lead-based babbitt became available. It could
be used successfully under most conditions, except those of high speed and/or heavy
weight. Most shafting was solid rolled steel, so was heavy. As standardization of sizing
became common, most shafts were finished to 1/16-inch less than an even diameter. For

example, what would appear to be a 2-1/2-inch diameter shaft was more often 2-7/16

Figure 113. Pouring a babbitt bearing. The base has been poured, the cap dammed and
positioned, and the molten metal is poured through one of the oil holes.

inches. Pulleys were attached to these shafts with wooden compression fittings and bolts

(particularly in the case of split, or two-piece pulleys), or keys and set screws.
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Rotational speeds in those days were very slow compared to today’s machinery, and
there were limits to which pulleys and belts were subject. For example, in Falls Mill
today, the water wheel rotates at a maximum of about three revolutions per minute. A 28-
foot segment gear around the perimeter of the wheel meshes with a 28-inch pinion gear,
so steps the speed up about 13 times. On the other end of the pinion gear shaft is an eight-
foot pulley, which belts to a two-foot pulley on the main line shaft inside the mill. This is
another 4 to 1 speed increase, so now the main line shaft can rotate at about 13 x 4 = 52
times the speed of the water wheel, or around 156 revolutions per minute (rpm).
Machinery belts from this main shaft and countershafts. The fastest machine in most pre-
Civil War grain mills was the cleaner. Cleaners in later mills were rated at about 900
revolutions per minute on their drive shafts. Millstones turned a maximum of 200 rpm,
and usually slower. Elevators ran about 40 rpm, and bolters or sifters from 20 to 50 rpm.
Consequently, most of the bearing wear was due to weight and not speed. Speed in up-
and-down sawmills was also slow, but circular saws ran much faster, so required superior
bearings. Textile machinery was relatively slow, also. The carding machines ran about 80
rpm, the carriage of a spinning mule made 4 travels back and forth per minute, and the
power looms ran about 75 picks (shuttle throws) per minute. Looms increased in speed
considerably in later years.

With improved technology in casting processes, large gears could be fabricated, so
some of these began to be utilized toward the end of the early industrial period (Figure

114). Many other cast parts were produced for machinery, also. The foundry process re-
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Figure 114. Large bevel gears transmitting power from the turbine to mill machinery,
located at Ketner’s Mill in Marion County, Tennessee. The lower gear has wooden cogs.

quired the building of a wooden pattern for any cast part, usually made of white pine or
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mahogany (for stability). The pattern maker was a specialized craftsman. He had to
fashion intricate shapes from wood, allow for metal shrinkage by oversizing the pattern,
and produce a pattern which could be feasibly molded and pulled from the mold
according to casting practices of the day. A foundry stored and protected its patterns as if

they were gold (Figure 115) (Machinery’s Handbook 1959).

Figure 115. The segment gear and pinion patterns for the water wheel at Falls Mill in
Franklin County, Tennessee.

Conclusion. By 1860, mills and factories had progressed from small-scale operations
limited to water power locations and localized markets, to large structures with power
source options and greater labor requirements. Milling communities had become
established around many of these locations. Many aspects of manual operation, such as
carrying grain sacks, feeding textile machines, and handling logs, had been mechanized
to a degree. Inventions and patents were becoming more numerous, as improvements in
the production of metals and interchangeable parts developed. And the population was
increasing, demanding more consumer goods such as flour, lumber, and textiles. Though
Tennessee’s economy was still primarily agrarian, manufacturing was becoming more
important. However, the Civil War destroyed much of the progress achieved to this point

in Tennessee’s industry.

The Late Industrial Period (1860 — 1900)

91



Civil War and Reconstruction. There are many accounts of the effects of the Civil
War on the economy and culture of the South. Suffice it to say that Tennessee industry
took a devastating blow during the conflict, from 1861 — 1865. Many businesses were
destroyed by Union troops, and others were purposely burned by Confederates to keep
them from being taken over. Mills and textile factories suffered widespread destruction,
and it is safe to state that few large-scale manufacturers survived the war unscathed.
Grain mills were targeted by Northern troops in order to “starve out” the enemy. Textile
mills were burned if they were found to be supporting the Confederate cause. There are a
few accounts where the structures were left alone, but the machinery was rendered
unusable (see DeKalb County in Chapter 4).

The period of rebuilding was slow. Capital was in short supply, so large factories
could sometimes only be constructed with “carpetbagger” funds. Falls Mill may be taken
as an example. Before the Civil War, Azariah David operated a textile factory on Beans
Creek in Franklin County, Tennessee, which he had purchased from an Englishman
named Robinson Teasdale in 1856. About a mile from this location was Hunt’s Factory,
another textile mill operated by George W. Hunt with the assistance of Robert Newton
Mann. The factories apparently operated independently at that time. In 1864, Union
troops burned David’s factory but spared Hunt’s, which by this time was owned by the
Criddle family. David soon became a partner with Mann, with the intention of buying out
Hunt’s Factory, which they accomplished in 1867. Shortly thereafter, they began plans on
the present Falls Mill structure, which they completed in 1873. Due to economic
conditions, marketing difficulties, and possibly internal conflict, they never prospered
and were forced to sell in litigation the property in 1884. The factory operated marginally
as a textile mill thereafter until around 1900, which seems to be the final (approximate)
date for most of the small-scale textile operations in Tennessee. The only other textile
factory to rebuild after the Civil War in Franklin County was the Butterworth Factory in
Owl Hollow, and it too suffered later fires and economic collapse (Lovett 2000).

New Technologies in Grain Milling. Probably the most notable technological
change during this period occurred in the flour milling arena. This industry, in the
decades following 1860, became large-scale and highly mechanized, due to several

developments. The most noted of these were the invention and perfection of the purifier
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and the roller mill process for wheat. Until that time, millers were faced with the
difficulty of separating the components of the wheat berry, and the struggle was taken up
in earnest during this period. As noted earlier, it was desirable in those days to separate
the digestible floury endosperm from the germ and bran, with the goal of producing a
purer white flour more salable and possessing better baking qualities. The purifier
developed basically into a separating device having sieves and fan blowers (called
aspirators) which could accomplish the desired separation. When coupled with the
Hungarian or roller process for reducing flour, described earlier, large capacity milling
could be achieved. Mills were rated on the amount of barrels of flour they could produce
in a day. Thus, a merchant mill shipping in barrels might be a 100-barrel mill, each barrel
containing the standard 196 pounds of flour (Dedrick 1924).

During the transition period from stones to rollers, large mills incorporated what came
to be known as the “New Process” for flour production, utilizing three or more sets of
millstones. Whereas in the Old Process, the order of the day was to grind heavy and pass
the wheat only once through the stones, in the New Process the stones were set higher,
and the wheat was gradually reduced through a series of grindings and separations. A
typical New Process mill utilizing millstones is illustrated in Figure 116. Note the
proliferation of equipment, including not only the stones and the purifier, but the requisite
elevators, bolters, and cleaners.

Referring to Figure 116, the New Process operated as follows: Wheat was brought
from the fields to the mill in bulk in wagons, or in bags, usually weighing 100 pounds
each. The wheat had been threshed by hand or by some of the early mechanical methods.
It still, however, contained some degree of field trash, foreign seeds, husks, and other
material which needed to be separated. Therefore, after the wheat was unloaded into a
receiving bin (1 in Figure 116), it traveled by elevator to the receiving separator (2),
which had at least two shaker screens operating from an eccentric and a fan. The top
screen was perforated so that any trash larger than the wheat berries would not pass
through, but rather tail off the machine to a scrap bin or collecting area. The wheat would
be shaken through this top screen, falling onto the lower screen. This time the holes were

smaller than the wheat, so the wheat would tail off, and the seeds and particles smaller
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than the wheat berries would fall through as scrap. Before leaving the machine, the wheat

fell through a wooden air leg, where it was subjected to a blast from the fan, removing
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Figure 116. A New Process mill using millstones and purifier, with capacity about 100
barrels of flour per day. Following the numbered sequence, 1: receiving bin; 2:
receiving separator; 3: milling separator; 4: scourer, or smutter; 5: dust room; 6:
elevator for clean grain; 7: wheat bin or garner over millstones 8 and 9; 10: elevator for
products of first flour grinding; 11: bolting chest; 12: purifier; 13: middlings garner
over middlings stone 14; 15: elevator for ground middlings; 16: middlings bolting chest;
17 and 18: spout and elevator for carrying tailings and rejected materials to 19: second
middlings bin; 20: elevator also connected with spout 17, for conveying these materials
to reel 21; 22: conveyor for carrying flour from chests 11 and 16 by way of elevator 20
to a flour bin on the top floor.

the lightweight chaff and dust. Invariably, the grain passed through these machines so
quickly that an incomplete cleaning was the best that could be achieved. For this reason,
the wheat passed through a second cleaner, called the milling separator (3), which more
thoroughly separated the trash. The wheat berry still wore a small whisker and sometimes
acquired a smut if not harvested at the right time or dried properly, so the final cleaning
was accomplished in a scourer or smutter (4). This machine had a rotating drum with slits

and a strong blast fan. The wheat was fed into the drum, where it was subjected to violent
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thrashing about. The result was that the whisker and smut were removed and the wheat
polished, the fan carrying off the material forced through the slits in the drum. The clean
grain was ready to grind (in later mills it might also be washed), so was carried by
elevator (6) to the top floor, then dumped over to a collection bin or garner above the
millstones (7).

The wheat could, at the discretion of the miller, be directed into either or both of the
millstones (8 and 9) by operating valves in the drop chutes from the garnering bin. After
the initial grinding, the coarse flour (sometimes called “meal,” not to be confused with
corn meal), then fell to an auger or conveyor, where it was carried to an elevator boot
(10), and up to the first bolting chest (11). After passing through hexagonal scalping and
grading reels, the graded middlings could be conveyed back up by elevator to the
middlings purifier (12), where further bolting refinement took place, separating the so-
called digestible portion of the wheat berry from the bran and germ. Once through the
purifier, the middlings were ready to pass into the middlings stone (14), where a second
grinding was accomplished. Middlings ending in the second middlings bin (19) could
also be fed into these stones. The product was again elevated to the final bolting chest
(16) and the fine light flour separated. Tailings from the various bolting processes ended
their journey in a bolting reel (21), where the last vestiges of fine flour were removed.
The flour was carried to a collecting bin on an upper floor (from elevator 20), where it
could be passed through packers or baggers (not shown) and prepared for sale.

Three interesting points should be noted about this New Process. First, the millstones
employed were smaller than in Old Process mills. The Old Process stones were as large
as five feet in diameter (sometimes even larger) and were run fast (say 15 bushels per
hour) and tight, overheating the flour as discussed earlier. The New Process stones were
typically 42 to 48 inches in diameter, with the middlings stone commonly 36 inches.
They