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PREFACE

FEw commodities enter less directly into consumption than linseed
oil; yet fewer still find as wide a range of important applications. The
seed-crushing industries are complex in their operative methods and
commercial relations, rather than with respect to the machinery and
equipment employed. These complications give opportunity for in-
structive study which is, in its outcome, suggestive to any manu-
facturer.

The first eight chapters deal with standard forms of equipment, with
which crushers are generally thoroughly familiar. It is believed, how-
ever, that the descriptions and illustrations given form a collated body
of information more readily available for use in this form than other-
wise. They are unquestionably necessary to afford completeness to the
review. American practice is throughout treated as standard, but con-
stant reference is made to the widely diverging methods which prevail
abroad, where the linseed-crushing industry is conducted on diametri-
cally different principles.

Some apology may be necessary for the introduction of algebraic
notations in Chapters II, V, IX, and X. The subjects discussed have
been heretofore treated in a purely qualitative way and with little
agreement as to practical policies. It is believed that the more quan-
titative general analysis here presented is better fitted for the develop-
ment of operating standards.

There are extant many excellent manuals on oil analysis. It has
" seemed desirable, however, to incorporate with the text the chemical
methods in general use for determining purity. These are to some
extent available to the analytical chemist from other sources. The
present work, with a good general text-book on quantitative analysis,
should furnish a rather more condensed and convenient manual for the
usual practitioner.
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The author expresses most gratefully his obligation to Prof. J. C.
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LINSEED OIL AND OTHER
SEED OILS

CHAPTER 1.

INTRODUCTORY.

Development of the linseed-oil industry in the United States during the past half cen-
tury.—Operation and equipment of early mills.—Migration and extension of the
flax crop.—Improved machinery and commercial conditions.—Present production
of linseed oil.—Receipt of seed at the mill. —Screening.—Treatment of screenings.—
Grinding.—The heaters.—Object of heating the meal.—Molding.—Pressing.—
Hydraulic systems.—Trimming.—Packing the cake.—Filtering.—The markets for
seed, oil, and cake.—Effect of freights on cost of operation. —Desirable locations for
linseed-oil mills.—Some leading crushers.—The cotton-seed industry.—A typical
modern linseed-oil mill. —The largest mill in the world.

UNTIL about 1850, the cultivation of flax in the United States was
practiced chiefly with a view to the utilization of the fiber. The seed
was a waste product, or at best a by-product. During the past fifty
years this condition has been wholly changed. The fiber is now almost
universally wasted, the seed having become the sole object of cultivation.
From it are produced linseed oil and linseed cake.

From a very early date, oil has been extracted from the seed of the
flax by means of hand screw presses. These were superseded early
in the last century by horizontal hydraulic presses, which, in turn, were
displaced by vertical hydraulic presses, patented by Edwin Hills about
1850. The seed was handled entirely by manual labor. It was first
fed to a pair of horizontal cast-iron rolls which gave it a preliminary
crushing, then shoveled to the “muller” stones, described in Chap-
ter III. The seed was finely crushed between the mullers and the bed
stone, being meanwhile kept thoroughly wet. After reaching the proper
condition of fineness and moisture, the meal was “cooked > in steam-
heated kettles, and then placed in woolen bags, which were laid in an
envelope of woven hair and subjected to the action of the press. The
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2 LINSEED OIL.

hard cakes left after the expression of the oil weighed eight or nine pounds
cach, and the usual type of press held from six to eight cakes. About
sixty pounds of cake were therefore turned out at each pressing, against
an average of probably 200 pounds st the present day. The cakes
contained up to 15 per cent of oil.

Up to the time of the war of secession, the national output of linseed
oil did not exceed 1,000,000 gallons per year, there being imported, in
order to supply the demand for oil, about 6,000,000 gallons additional,
in oil or in its seed equivalent. From about 1865, the cultivation of
flaxseed moved westward from Ohio into the virgin soils of the prairie
states. Flax was found to be a good “first” crop on new land, and its
production increased enormously. Meanwhile, improved industrial
conditions stimulated the demand for linseed oil and its products. In
ten years the flax crop quadrupled, yet the seed was practically all
crushed, and the products marketed, west of the Alleghenies. The East
was still obliged to depend for its requirements upon imports of seed or
oil, the former coming usually from India.

Shortly after 1870, the old-fashioned muller stones were discarded in
favor of the present type of chilled-iron rolls, arranged vertically one
above another in “stands” four or five rolls high. These produced
fine, dry meal from the whole seed. At the same time, the present
method & cooking the meal in steam kettles, imparting the necessary
moisture by means of either steam or water introduced into the kettle,
was successfully inaugurated. Concurrent improvements were made
in commercial conditions affecting the industry. Prior to 1880, flax-
seed had been shipped in bags, usually furnished by the oil manufac-
turer to the farmer. Seed for sowing was also supplied, contracts being
made for the resulting crops. By 1885, these practices were discontin-
ued, the oil mills buying their raw material in the open market. Ship-
ment of seed in bulk was introduced and almost immediately became
universal. Flaxseed in quantities is now always stored and handled
in precisely the same manner as corn, wheat, and other grains. Steel-
tank storage for both seed and oil, and bulk shipments of oil in tank
cars, have also superseded older methods to a large extent.

By 1891, the domestic supply of flaxseed had overtaken the demand.
Since that date, the United States has been an exporter of seed,' im-
porting, in the face of a heavy duty, only during short-crop periods or

! Principally from the ports of New York, Boston, Philadelphia, and Baltimore.
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to satisfy special local demands for oil from imported seed. Practi-
cally no linseed oil is exported from the United States, and very little
_ is imported, the duty being 20 cents per gallon. The domestic con-
sumption of oil seldom exceeds 60,000,000 gallons annually, requiring
about 24,000,000 bushels of seed. The average production of sced from
1898 to 1903 was about 24,000,000 bushels, resulting in a considerable
surplus necessarily exported or carried over from year to year. The
increased production during the past four years has been concurrent
with a similar, though not an equal, increase in consumption.

At the present day, although some important modifications in the
usual mode of treatment are being introduced, linseed oil is commonly
expressed from the seeds of the flax plant by means of the hydraulic
press. The process, as exemplified in the United States, involves the
following operations: The seed is usually received either from boats
or from cars. If from boats, the usual form of marine “leg” employed
in grain elevators is lowered through the various hatches, successively,
the seed being thus carried up the leg by means of a bucket elevator,
and discharged through scales to a belt conveyor which distributes it
to the storage tanks. As the grain is cleaned down, the labor of
“trimmers” becomes necessary to shovel the seed toward the elevator
boot, the final cleaning up of the boat’s hold being accomplished by
sweeping the seed into hags. Shipments by rail are dumped from the
side of the car into a chute, spilling being avoided by joints of bagging.
This discharges into a pit in which is located the boot of a stationary
bucket elevator. The trimming of the cars is done by a wide shovel,
guided by hand but operated by power.

The seed having been weighed and delivered to the storage tanks
is taken out as needed by stationary elevator legs fed at first by gravity
and finally by means of the power shovel. These elevators discharge to
belt or screw conveyors which carry the seed to the sifters. The last
are oscillating screens, intended to take out only the coarser particles
such as grains of corn and wheat, and sometimes bits of metal, nails, etc.
Such screenings are collected and discarded. The finer impurities
carried in the seed are not removed by this method of screening.  When
seed is received by direct shipment from the grower, as is frequently
the case at some of the western oil mills, the percentage of fine impuri-
ties is usually very large. Special treatment then becomes necessary.
Usually, the impurities are removed from the sced before crushing the
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latter, in order to avoid impairing the quality of the oil. The screen-
ings are then sometimes separately crushed, producing a small quantity
of inferior oil, and a soft cake which can be used only as an adulterant
for oil meal. Sometimes the screenings are mixed directly with the oil
meal, but this is more likely to impair the quality of the meal than the
former procedure. Sometimes they, or the cakes from them, are mixed
with ground flaxseed; occasionally they can be sold as screenings at
a fair price.

From the sifters a third system of elevators and conveyors carries
the seed to the working bins over the rolls. Screw conveyors running
under the working bins distribute the seed to the feed boxes of the
various roll “stands,” and the seed drops in a thin stream to the fluted
top roll, which spreads it across the entire width of the face of the rolls.
Usually one stand of rolls is provided for each three presses. The
stands are five rolls high, and as the seed passes between each two rolls
it receives four successive crushings, being subjected to the greatest
pressure, and consequently most finely ground, during its last transit.
The chilled-iron rolls reduce the seed to fine meal, which is conveyed
to the heaters or kettles.

When cold-pressed oil is produced, the heater is not used. Very little
cold-pressed oil is made at the present time. Ordinarily, one heater is
installed to serve from five to seven presses. In the heaters, the meal is
subjected to heat, moisture, and agitation. The temperature is usually
raised to about 180 degrees, the meal meanwhile being thoroughly
stirred and mixed. Proper treatment in the heaters increases the yicld
of oil from the seed. The introduction of moisture into the meal breaks
up the oil cells from the sedimentary particles, and is known to facilitate
expression. As little moisture should be used as possible, however,
since wet meal has a detrimental influence on press cloths and on the
quality of the cake. All moisture imparted in the kettles must eventually
be evaporated from either the oil or the cake. It is therefore considered
good practice to introduce as little moisture as possible, and in fact,
_excepting with very old, dry seed, some mills inject no moisture whatever.

After the meal has been properly cooked or “tempered,” it is drawn
out in fixed quantities of about 20 pounds at a time to the molding
machine or former. In this, it is subjected to moderate hydraulic or
steam pressure, or sometimes to the direct application of power, forming
a compact cake, wrapped in a blanket of camel’s hair, known as the
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“press cloth.” The operation of the oil mill, up to the conclusion of
the tempering, is continuous, and nearly automatic. With the mold-
ing of the cake, manual labor comes in. One former is used with each
heater. As the cakes are formed, they are carried to, and placed in,
the press. This is usually constructed to hold from 16 to 24 cakes,
one lying on top of another with iron plates interposed. 1If the cake is
to be branded, the brand is produced by a die worked in the plate.
Ordinarily, in this country, the plates are padded on each side with wire
and hair mats, which are less severe on the expensive press cloth than a
bare iron plate. Sometimes, however, bare plates are used, with corru-
gations to prevent the press cloths from slipping out. Every precau-
tion is taken to keep the meal hot while in the press, in order to keep
up the yield of oil.

The presses are each provided with a ram, usually about 16 inches
in diameter, which travels from below upward, from a strong cylinder
in which the desired hydraulic pressure is maintained. Two pressures
and two complete hydraulic systems are usually employed, one operating
at from 400 to 800 pounds per square inch, the other at from 2800 to
4000 pounds. The lower pressure is first applied. This rapidly com-
presses the cakes and finally causes the oil to start flowing; at which point,
either by hand or automatically, the press cylinder is disconnected from
the low-pressure system and connected to the high-pressure line. This
more intense pressure expresses the greater part of the oil from the
cakes. It is continued for several minutes. The oil drains from the
plates (slightly inclined toward the rear) to galvanized iron gutters,
which carry it to a down spout on the back of the press. The spout
discharges into wood boxes or troughs, which carry the oil to the tanks,
the incline and arrangement of troughs being such as to afford a con-
siderable time for the settlement of suspended matter from the slowly
moving current of oil. After the cakes have been in the press for from
30 to 60 minutes, the ram is lowered and the cakes removed. These
are now as hard as boards, and the press cloth adheres to them firmly.
This is removed, or “stripped,”” and the cakes trimmed, either by hand
or by machine, to remove the soft edges, which contain a relatively high
percentage of oil. The “trimmings” are ground to meal and returned
to the heaters to be re-pressed along with fresh meal. Where the cakes
are required to be of exact dimensions (which is rarely the case) the
necessary size is obtained by adjustments in the trimming.
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The trimmed cakes are packed, by hand or mechanically, in bags
holding from 275 to 375 pounds cach, and are then ready for weighing
and export shipment. American stock-raisers are prejudiced against
the feeding of linseed cake, and practically all of it is exported, excepting
such as may be ground up into oil meal, for which there is a limited
domestic demand.

The “raw™ oil from the press-room tank, after settling for some
hours, is pumped to the filter presses, where it slowly percolates through
canvas cloths, depositing much of the sediment which it contains.  After
a more or less protracted period of storage in tanks, it is ready for the
market. A considerable portion of the oil is in most mills subjected to
special supplementary treatments, which will be described later, to fit
it for use in certain specific applications, as for varnish making, the
manufacture of oilcloth, ete.

Certain natural and commercial conditions underlie and affect the
entire organization of the linsced industry. The bulk of the flaxseed
is obtained from Minnesota and Dakota, the primary markets being,
for lake shipments, Duluth, and for rail shipments, Minneapolis. An
inferior grade of seed is grown in Kansas and Nebraska, for which
market is found at Kansas City or Chicago. Chicago receives seed
from both territories, usually by rail from the northern district. The
“western”” mills, by which are meant mills located at or west of Chicago,
form a class distinct from those in the East. Generally they pay less
for their seed, and receive a less pure seed. Their operation is apt to
be rather less economical.  As an ordinary rule, they grind their output
of cake. Their markets for oils arc less diversified, and they con-
sequently produce larger proportions of ordinary raw oils. The Minne-
sota and Dakota seed is known as “ Northwestern’’; that from Kansas
and Nebraska as “Southwestern.” Eastern crushing points, like
Cleveland, Toledo, Buffalo, New York, and Philadelphia, receive
Northwestern seed by lake, or lake and rail, usually from Duluth. A
gradually increasing crop of flaxseed is being produced in the extreme
Northwest, in the states of Oregon, Washington, Idaho, and Montana.
‘This is marketed in the linseed-oil mills at Portland and San Francisco.
The yield of oil usually obtained from this seed is better than that from
the Southwestern seed but not as good as the yield from Northwestern
seed. It is probable, however, that a better yield could be obtained by
improved operation in the mills.
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Mills on the Atlantic seaboard have no rail freight to pay on cake.
Western mills must pay lake and rail, or all rail freight. The closing
of the lakes each winter removes the economical advantage of lake
shipments, excepting as seed or cake may be stored in quantities suffi-
cient to tide over the period of closed navigation. Seed is usually thus
stored ; cake, never. The oil finds its principal markets in or near the
larger cities. Boston, New York, Philadelphia, St. Louis, Chicago, and
Cleveland are large markets for linseed oil.

The location of a linseed-oil mill is determined largely by the question
of freights. This is the case, probably, in any business, but the matter
is complicated in the linseed-oil industry because of the fact that there
are three freights to consider. It is further complicated because the
freight is an extremely large element in the cost of operation. In the
linseed business, the raw material, flaxseed, absorbs upward of 75 per
cent of the total cost, and of the remaining 25 per cent more than
one-half is frequently represented by the freight expense on seed, oil,
and cake. Transportation of linseed oil by pipe lines has not been
suggested. 'The amount of oil to be transported is too small to permit
of covering the fixed charges on a pipe line by the saving in freight; and
the oil could not be carried in an existing pipe line used for crude or
even refined petroleum, on account of the contamination of the linseed
oil that would follow.

The ideal location for a mill would be at a primary seed market on
the Atlantic seaboard and at a large local oil market. These three
conditions unfortunately do not exist concurrently. Buffalo is a good
location, having direct lake connection for seed from Duluth during
much of the year, ample elevator storage for the balance, and facilities
for cheap shipment of cake to seaboard by canal during the open months;
and these advantages have given it several linseed-oil mills, making it
the largest crushing center in the country. Cleveland has the same
" seed advantage as Buffalo, but not the cake advantage. It has, how-
ever, a very large local oil market and a large linseed-oil mill. Chicago
has several oil mills, with a large local consumption, hut is handicapped
by the long cake shipment. Minneapolis has several mills, being located
immediately at a seed market, but is obliged to ship out to St. Louis
or the East the bulk of its oil.t Toledo is located like Cleveland,
but without as good a local market. It has three oil mills. New York

! See note, page 270.
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and Philadelphia pay no rail freight on cake, but both pay a large freight
on seed, and neither could exist as an oil-producing center were it not
for the large local consumption of oil. Boston, although a seaboard
point and a good oil market, cannot support an oil mill on account of
the long rail freight on the seed. New York has the advantage of receiv-
ing seed by canal from Buffalo during the open season.

The linseed industry at the present time suffers from a tendency to
overproduction, due to the fact that more mills have been erected than
are required to take care of the domestic demand for oil. Many of
these mills are, however, disadvantageously located, a point which has
resulted in the steady growth of new establishments better located.
During the past forty or fifty years, while the center of flaxseed culti-
vation has moved from Qhio to Minnesota and Dakota, many mills
have been abandoned in Ohio and Indiana, for no other reason than
that agricultural conditions had left them stranded, away from a base
of seed supply. Chicago was once the principal flaxseed market. If
it were not for the large local consumption of oil in Chicago, the west-
ward movement of the seed crop would have inevitably closed the crush-
ing establishments there. While many sections of the middle West
are thus dotted with abandoned oil mills, there have been new and better
mills, more strategically located, under construction almost constantly
for some years past. The later mills are generally of larger size and
are better equipped than their predecessors. Buffalo, Cleveland, and
Minneapolis-St. Paul have profited most by these new installations.
Conditions change so rapidly, and mills are discontinued or enlarged
so frequently, that any list of linseed crushers would soon become
obsolete. The largest interest is that of the American Linseed Com-
pany, owning about sixty mills and sales stations in various cities.
Many of its mills are closed, however, and it operates, more or less
intermittently, only twelve crushing establishments, aggregating about
360 presses. A close competitor is Spencer Kellogg in Buffalo, who
operates continuously about 140 presses, in the largest linseed-oil mill
in the world. The National Lead Company has mills in New York,
Philadelphia, and Allegheny. A large proportion of its product is
consumed in its own white-lead factories. Aside from these three,
there are many smaller crushers.

Natural and commercial conditions have also resulted in a form of
development in the linseed-oil industry which is strongly contrasted
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with that in the larger business of crushing cotton seed. The seed of
the cotton plant is readily damaged by heat or moisture and cannot,
therefore, be transported in bulk.! Cotton-seed crushing is conse-
quently always a local industry and the mills are generally small. The
result is that the process of manufacture has not been developed as
fully as in the case of linseed-oil mills. Furthermore, cotton seed is
cheaper than flaxsced, and contains less oil (about 20 per cent), while
the cotton-seed cake commands a higher price than linseed cake; condi-
tions which lead to a relatively slighter emphasis on maximum yield of
oil. The linseed crusher aims to obtain a yield of nearly 800 pounds
per ton of seed. The cotton-seed crusher averages less than half of this
and sells his oil at a lower price than linseed oil. The linseed-oil indus-
try, as conducted in England, resembles in some respects the cotton-
seed industry here. The British crusher pays less for his flaxseed than
we do. He gets less for his oil and more for his cake; consequently
he does not aim to secure as high a yield of oil as we do, and in this
policy he is sustained by the preference of his customers for a cake rich
in oil. : . : :

This country’s output of cotton-seed oii is about 100,000,000 gallons
. annually, or nearly twice that of linseed oil. Most of this is consumed
at home. No other large industry in expressing oils exists in the United
States, although there are some plants treating copra, and several
producing corn oil, etc.

Fig. 1 illustrates in plan and cross section the general arrangement of
the crushing department of a modern linseed-oil mill in Cleveland, Ohio.
The seed-storage tank is not shown, and the operation as illustrated
begins with the screw conveyor supplying the roll bin. Four stands of
rolls are used, two for each set of six presses. The rolls are driven
from a main shaft in the basement below. The meal is spouted down
from the rolls to screw conveyors, which transport it to two bucket
elevators, one for each heater. The two heaters are each built in three
vertical sections, separated by plates, above which revolve the cast-iron
agitating sweeps. The meal, after being agitated in the top section,
falls through an opening in the plate to the middle section, where the
agitating process is repeated and the meal delivered to the bottom

! This of course applies to the decorticated seed. Large quantities of unhulled linty
seed are regularly shipped in bulk from Egypt and India to Great Britain. Hulled sun-
flower or poppy seeds are also subject to damage in bulk storage.
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section for a final mixing. The sweeps of the heaters are driven, by
means of bevel gears, from the same shaft which drives the rolls. Each
heater delivers meal to an hydraulically operated former. The presses
hold 20 cakes each, which is about the limit without increasing the
height of the press above that to which a man can comfortably lift a 20-
pound cake of hot meal with its press cloth and handling pan. The
settling troughs behind the presses give ample distance for the circula-
tion of oil and deposit of sediment therefrom before the former reaches
the scale tank. Two hydraulic pumps and two accumulators or hy-
draulic storage reservoirs are used, one of each being employed on each
of the two hydraulic pressures carricd. The lower pressure is applied
to the formers and is also used to start the presses. The high pressure
is used to complete the operation of pressing. The supply oil tank,
shown between the accumulators and the hydraulic pumps, contains
the fluid used as a transmission medium in the hydraulic system. The
pumps are steam-driven. These are not as economical in power as
belt-driven pumps, but are often used when the exhaust steam may be
employed in the heaters or for warming the buildings.

It should be noted that the entire operation, from the receipt of the
whole seed to the weighing of the oil, is kept distinctly separated for
the two groups of presses. Each group thus becomes practically a
separate mill, enabling close watch to be kept upon the results
obtained.

The cake as taken from the presses passes through the space between
the two groups of presses into the adjoining cake room, not illustrated.
Here it is trimmed, packed, weighed, and stored for shipment. Indoor
storage of oil is provided by a room located at the right of the cake room.
The same room is used for the barreling and shipment of oil, tank cars
being run on tracks alongside and filled with oil through a hose. The
power plant and coal-storage bin are located at the right of the press
room, the stcam engine being directly connected to the shaft which
runs through the basement of the press room. Seed is received from
the river through a private clevator and stored in a steel tank holding
100,000 bushels. A 40-horsepower engine is used to drive the eleva-
tor and a Lane & Bodley heavy-duty Corliss engine for the main mill.
A direct-connected engine and generator set is provided for electric
lighting. The oil-pressing equipment, including five-high roll stands,
heaters, single formers, and presses, with hydraulic pumps and accumu-
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lators, was furnished by the Buckeye Iron and Brass Works. Three
men operate each group of presses, one forming the meal, one filling
the presses, and one stripping and removing the pressed cakes. A low
wooden platform in front of the presses facilitates the work. A mechan-
ical stripper is used to remove the cloths from the pressed cake. This
has a capacity of about 15 cakes per minute. The cake is trimmed by
a Dion & Belanger knife trimmer and packed hy a French hydraulic
automatic cake packer. The press plates have double hair mats. Six
pressings per hour are made on each group of presses, i.e., the six
presses constituting a group are each filled at intervals of 60 minutes.
The yield is very good, being close to 20 pounds of oil per bushel of
seed. The output, with 22-pound meal cakes, should be 22 X 20 =
440 pounds, or 440 + 56 = 7.9 bushels of seed per press per hour, or
for 23 hours, 181 bushels per press per day. The mill is defective in
having insufficient storage room for cake, an unfortunate feature when
cars for shipment are scarce. The press room is fairly cool and com-
fortable, having two outside exposures.

A coal conveyor brings coal from boats in the river to the bin immedi-
ately in front of the bhoilers. Two hoilers are used, equipped with
Murphy stokers and burning slack coal. Besides the two feed pumps,
the power plant contains a Cochrane open feed water heater, receiv-
ing the exhaust from the main engine. The accumulators are each of
18 tons capacity, being designed for an ultimate installation of 30 presses.
At the beginning of operation, this mill maintained four tank cars,
making local shipments of oil in tank wagons. Room for extension
was provided at the left of the press room and cake room, and this space
has recently been utilized for a considerable enlargement.

Fig. 2 gives an exterior view of a complete linseed-oil mill at Buffalo,
N.Y. The special car at the right is loaded with empty barrels,
destined to be cleaned, coopered, and filled with linseed oil. The marine
legs from the elevator receive flaxseed from a lake steamer. The
plant is of solid and substantial mill construction. Fig. 3 is a nearer
view of the same establishment, taken from another point. This mill
has a maximum crushing capacity of 20,000 bushels of seed per day,
equivalent to 1000 barrels of oil and 350 tons of cake. It comprises
practically four distinct mills, the result of gradual expansion of the
business. The most recent of the four mills is driven entirely by power
from Niagara Falls, utilized by rope drives from a 500-horsepower
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motor. Two views of the roll floor in this latest mill are given in Figs.
4 and 5. There are 24 stands of 14 X 48 inch five-high crushing rolls,
each stand weighing about 9 tons, grouped in sets of seven, seven, seven,
and three stands. The methods of driving and of feeding are shown
by the illustrations. The belting is up from below, and twin spouts
are brought down from the seed bins to each stand of rolls, each spout
having a shut-off gate for controlling the flow of seed. In addition to
these 24 roll stands, the three older portions of the establishment con-
tain 45 stands of crushing rolls, making a total of 69 stands in the plant,
serving 138 presses. :

The press rooms are on the main floors of the buildings, one story
below the roll floors. The 90 presses in the three older mills are served
by 12 heaters and 12 cake formers. Three complete hydraulic plants
are employed. The heaters in the new mill are four in number, 84-
inch, two-high, each with a double hydraulic cake former. Each
heater serves 12-20 cake double hair mat presses. Five two-pressure
four-crank Buckeye hydraulic pumps supply the 2-20 ton accumula-
tor sets. Hydraulic cake packers are used throughout. Figs. 6,7, 8, and
9 give interior views of the several press rooms. All of the presses, as
shown, have automatic change cocks for transferring the press cylinders
from low to high pressure at the desired moment. Fig. 7 clearly shows
the appearance of the cakes after leaving the presses. In the fore-
ground of this illustration is represented the French automatic trimmer
for cakes. At the extreme right of Fig. 8, the meal heater or kettle is
partly visible, with the cake former in front of it. In the center of
Fig. 9, the former, with the press cloth laid in place ready to receive a
meal cake, is illustrated.



CHAPTER 1II.
THE HANDLING OF SEED AND THE DISPOSITION OF ITS IMPURITIES.

Quantity units.—Necessity for seed storage.—A typical elevator.—Mechanical details
of elevators.—Scales.—Elevator operation.—Storage of seed.—Estimating quanti-
ties in bulk storage.—Impurities.—Sifting. —Disposition of screenings.—General
analysis.—Assumed cases.—The crushing of screenings.—Screw conveyor systems.

FraxsgeD is sold in the United States by the nominal bushel of
56 pounds. A long ton of seed therefore contains 40 bushels, and
a short ton 35.9 bushels. A kilo =2.2 pounds =.0394 bushel, or
25.4 kilos make one bushel. A bushel of seed produces, roughly speak-
ing, 2% gallons (nominal gallons of 7} pounds) of oil and 37 pounds of
cake. About 54 bushels of seed produce, therefore, a short ton of cake,
or about 60 bushels a long ton. A barrel of 50 gallons of oil is produced
from 20 bushels of seed. These relations are of importance as affecting
the storage and shipping facilities desirable for seed, oil, and cake.

All linseed-oil mills are dependent upon the common carriers for their
supply of flaxseed. The smallest mills use nearly a carload per day,
the larger mills consuming up to ten or fifteen carloads of 1000 bushels
each. A lake steamer may carry upwards of 200,000 bushels; a canal
boat, of the type used on the Erie Canal, from 5000 to 8000 bushels.
As the lakes and canal are closed for several months in winter, and as
no common carrier is infallible in regularity, the oil mill must provide
facilities for handling seed quickly and for storing it in quantities.
To just what extent the equipment of the mill for unloading seed should
exceed in capacity its crushing equipment, is to be determined by local
transportation conditions in each particular case. Often this excess
is six or eight fold: sometimes little, if any, excess is provided in cases
where the transportation conditions are favorable. When seed is
received by switch from a public elevator it costs usually no more to
leave the seed in the public elevator for ten days than to remove it
immediately after the discharge of a cargo.

The elevator equipment at one 12,000-bushel mill (daily capacity)
consisted of an iron structure 20 feet 9 inches by 67 feet 9 inches,
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90 feet high, containing two marine legs having a capacity each of 2500
bushels per hour, two 200-bushel hopper scales, two 2500-bushel lofty
legs (elevators for raising sced from the bins under the scales), three
24-inch belt conveyors in a gallery 25 by 235 feet, running over the
storage tanks, and four steel storage tanks 65 fect high, having an
aggregate capacity of 650,000 bushels, arranged to receive seed from
the belt conveyors. Between each two storage tanks was placed a steel
elevator. These elevators received seed from the Lottoms of the tanks
and raised it to the conveyor belts which delivered it to a cross screw
conveyor under the gallery. This screw conveyor fed the sced to a
chute built of wood, thoroughly stiffened by iron truss rods and lined
with glass. The chute conducted the seed to the sifters in the mill
building proper. The glass-lined weod chute was found, after extended
experiment, to be better than a metal spout for withstanding the action
of the sharp-pointed flaxseed. As noted. there were three conveyor
belts running lengthwise of the gallery, over the tops of the seed tanks.
Ordinarily, only one was run for unloading sced from the boats, another
was kept in reserve, and the third or middle belt was used for carrying
seed from the storage tanks to the mill. Under average conditions, five
hours of running per day kept the cargoes unloaded and the mill supplied
with seed. The clevator was electrically driven, and the electric power
was furnished from a direct-connected generating set in the main power
plant, which was reserved for this specific duty. In order to operate
the generating set driving the clevator at highest efficiency, it was
attempted, so far as possible, to supply the mill with sced during the
periods while the elevator was unloading cargoes. This gave a good
load of short duration in place of a half load lasting twice as long.
About 175 horsepower was used to unload cargoes, supply the mill,
and drive the sifters.

A feature of this elevator equipment, not described because not
ordinarily essential to oil-mill elevator operation, was an arrangement
by which the belt conveyors could be reversed, bringing seed from the
tanks back into the elevator tower and delivering it to chutes, which
could be used to load into boats. This arrangement, with a suitable
shipping scales interposed in the chutes, made the installation practi-
cally that of a public grain elevator, suitable for loading, unloading,
and storing any kind of grain. A rotary screen was installed for grain
cleaning, 42 inches in diameter by 20 feet long, running at 28 r.p.m.
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This was covered with wire cloth in 22 X 18 inch sheets, 2 X 74 mesh.
Garners were of course used over and under each set of scales. The
scales were of the usual continuous type for elevator service, the weigh-
ing not interrupting the handling of seed.

Figs. 9c and 9d represent a typical English elevator.

The horsepower required to elevate materials is theoretically equal
to the weight in pounds multiplied by the height lifted per minute,
divided by 33,000. For flaxseed, the horsepower necessary for N
bushels per hour raised H feet would be 56 N+ 60 X H =+ 33,000 =
NH -+ 35,300. The actual horsepower used in elevation is of course
greater than this, depending upon the efficiency of the elevator. The
form of elevator used consists usually of an endless belt running upon
two pulleys, one at the top or “head”” and the other at the foot or “boot”’
of the elevator. The head pulley runs on a shaft which is driven by
belt or rope from the source of power. The boot pulley is an idler only.
A “marine leg” is an elevator designed to swing out and down through
a hatch into the hold of a boat which is moved alongside the elevator
tower. This form of elevator is jointed at the head-pulley shaft, and
opens like a jack-knife, the elevator proper being the blade and the
short chute from which it hangs the handle. Proper mechanism is
provided to tip the handle forward, and to open or close the blade, so
as to cause the hoot to descend at any desired position crosswise of
the vessel. Movement lengthwise is obtained by changing the position
of the vessel itself, and for this purpose power windlasses are provided,
either on the vessel or at the elevator, from which mooring ropes run to
blocks on the other. Frequent adjustment of position of the boot is
necessary, not only in order to unload the entire cargo, but also to keep
the vessel properly *“trimmed” or balanced while unloading. With
large lake steamers, provided with water ballast, this shifting is almost
wholly dispensed with.

The speed of the head shaft of the elevator legs is usually from 30 to
48 r.p.m. The larger the belt pulleys, the higher the permissible speed,
and large pulleys consequently greatly increase the capacity. The
highest efficiency is obtained when the face (lifting side) of the head
pulley is vertically in line with the face of the boot pulley. Stationary
elevator legs should always be set in this position. The housing of the
leg should be bowed out on the back to give clearance for the sway of
the belt. The pressed-steel seamless buckets are firmly riveted to the belt,
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and the boot should be so arranged that the grain will feed into the
buckets on the lifting side at the height of the center of the shaft of the
boot pulley. The capacity of the elevator depends upon the speed of
the belt, the distance between the buckets, and the cubical contents of
the buckets. If C = contents of each bucket in cubic feet, S = dis-
tance center to center of buckets in inches, K = speed of belt in inches
per minute, the capacity in cubic feet of material per minute is CK + 8.
For flaxseed, one bushel of which occupies a volume of 2520 cubic
T8 0K+ 5 =.685 CK
2520

+ 8. If D = the diameter of the head pulley in inches, and R = the
number of revolutions per minute, 3.14 DR = K = speed of belt in
inches per minute, and the capacity in bushels per minute is .685 X
3.14 DRC + Sor2.15 DRC + 8§, or in bushels per hour, 129 DRC + 8.

A most important feature of elevator equipment, as well as one vital
in other departments of the linseed industry, is the scales. Upon
the accuracy of weighing hinges all definite knowledge as to the day-
by-day operation of the plant. It is not sufficient to make sure that
the beam balances at zero. Test weights should be provided and used
periodically. The scales must be accurate. The most satisfactory
reading is that provided by an autographic scale, now largely used in
grain elevators. This punches the weight on a card, leaving no room
for errors due to carelessness or forgetfulness.

The elevator leg does not remove all of the seed from the hold of a
vessel, nor will a carload of seed run of itself entircly out of the car into
the chute leading to the boot. Hand labor is necessary, in either case,
to complete the operation of unloading.

From the elevator proper, or “tower,’” the seed passes to the storage
tanks, usually steel structures similar to gas holders, although not as
large. These are set on slabs of concrete. They have closed tops and
usually flat bottoms, necessitating trimming in order to thoroughly
empty them. Dampness ruins flaxseed, so that the tanks must be
dry. Hoppered bottoms would do away with trimming, but would
reduce the capacity of the tanks while increasing the first cost. They
have not been extensively used. The angle of repose of dry flaxseed is
about 30 degrees. Hopper bottoms, if used, should slope at about this
angle. Wet seed stands at a steeper angle.

It is generally claimed that it is impossible to accurately estimate the

inches, the capacity in bushels per minute is
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quantity of flaxseed, or of any other grain, in bulk storage. Such
estimates are of extreme importance to the linseed crusher, in the absence
of actual weighing of the seed consumed daily. If the weight per
cubic foot were fixed, it would be readily possible to make such an esti-
mate by leveling off and measuring the contents of the various tanks.
Apparently, however, the weight packed in a cubic foot increases with
the height of the pile. Experiments were made by the writer to ascer-
tain, if possible, the law of variation in density with height of pile. These
gave the formula D = .02219 + .0000163 H, in which D = the weight
of flaxseed in pounds per cubic inch and H = the height of the pile
in inches. The application of this formula outside of the limits of the
experiments gave inconsistent results, showing that the law of varia-
tion of density does not depend directly upon the height, but that this
law, expressed in coordinates, would be represented by a curve rather
than a straight line.

Flaxseed, as received even under the best conditions, contains much
impurity. The absolutely worthless fine dust and chaff are sometimes
removed by exhaust fans placed at the tops of the elevator legs. Addi-
tional cleanliness is secured by passing the seed, before working, over
horizontal screens, oscillated to and fro, through which the seed drops,
leaving coarser impurities on the surface. These gradually dance
toward the edge of the screen and are spouted away to bins or bags.
They are worthless to the crusher, and the cost of removing them is
more than the revenue they bring. They are taken out principally
to avoid their injuring the rolls. Power for operating the sifters amounts
to about 10 horsepower per 2000 bushels screened per day of ten
hours. A typical sifter is shown in Fig. 9a. The sifters are usually
operated during the daytime only, sufficient bin capacity being provided
over the rolls to accommodate screened seed for the night run. If power
for the sifters is provided by a motor, the latter should be compound-
wound, as the starting load is too severe for a shunt-wound motor.
The coarse screenings, if not sold, are sometimes ground with oil cake
in the cake grinder, thus masquerading as oil meal for the stock-raiser.
The quantity is probably too small to be detrimental. Unlike cotton
seed, flax requires no special treatment by the crusher to remove adher-
ing fiber. The seed is clean in this respect, and is crushed without
hulling, the fine flaxseed hulls exerting no detrimental influence on the
cake. The separation of fine impurities from the seed is usually effected,
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Fic. 9a. — HUNTLEY SINGLE FLAX SEPARATOR OR SIFTER.

Fi1g. 9b. — DouBLE DustLEss FLAX SEPARATOR.
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in the public elevators, by machines of the type shown in Fig. 9b. These
will readily clean down to 2 per cent without wasting or damaging the
seed. They are double machines, with single feed, and can be arranged
so that the two shakers may operate in succession, giving the seed a
double cleaning. Hay, chaff, etc., are removed by air separation,
a fan drawing these fine particles into a settling chamber.

Seed is purchased by the nominal bushel of 56 pounds of pure seed.
Any impurities contained in the seed are the property of the buyer,
without payment. These impurities all have some value. The crusher
consequently receives very little screenings, unless from direct country
shipments.! These screenings consist, besides the coarse impurities
removed by the sifters, of fine matter which goes through the screens
with the seed. This fine matter gives rise to the first complex problem
in the linseed industry. It may be either separated and sold, run
through the mill with the seed, or separated and ground up with cake.
The first procedure depends upon a market for the screenings. This
can usually be found, but the profit realized is not great. The second
procedure risks the purity of the oil and cake. The third risks the pu-
rity of the meal, and can only be practiced where there is a sufficient
market for meal to justify the installation of cake-grinding equipment.
Aside from these considerations, the problem may be analyzed as
follows:

Let P = percentage of impurities in the seed,
B = cost of seed per bushel, in dollars,
E = cost of manufacturing one bushel into oil and cake,
Q = percentage of impurity in seed, removed before crushing,
D = cost of delivering one bushel to the crushing mill,
F = cost of packing the cake produced from one bushel.

Then the price paid for 56 pounds (one bushel) of material, the
100 — P

screenings being obtained gratis, is B X The additional
cost of delivering the seed, due to the presence of screenings, is, per

56 pounds, D X% - The additional cost of crushing, due to the same

1 A large proportion of the * Southwestern” seed, which is shipped direct from
grower to western crushers, contains a heavy percentage of impurity; occasionally 25 or
30 per cent.
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P-Q

reason, is E X ———; and the increased cost of packing the cake is

rp-Q
100

F X

The total additional cost due to the presence of impuri-

ties is the sum of these last three items, or bp + (E+F) (u)

100 100
If the price obtainable for screenings is G dollars per ton, and oil cake
is worth H dollars per ton (2000 pounds), then the revenue per bushel
from the sale of screenings is 56 GQ -+ 200,000, and the increased
revenue due to the increased production of cake is 56 H (P — Q) +
200,000. The gain due to the presence of screenings is therefore repre-
sented by the formula

56 GQ +233’01010(P— Q_ 3%’(} (E + F) (%)g (1

If the screened impurities are mixed with ground cake and sold as
oil meal, the increased revenue per bushel is 56 PH + 200,000, and
the profit from screenings is

56PH_3DP (P—Q)+F£§__.5_6_Q_I/’

— + (E + F)(—=
200,000 {100 100 100Y 200,000

(2)

in which last formula V' = cost in dollars per ton, for grinding cake.
If we now substitute actual reasonable figures for the quantities above
expressed algebraically, we shall have a tangible basis from which to
draw conclusions. Let B =1.00, E = .08, D = .08, F= .01, G =
10.00, H = 22.00, ¥ = 1.50. Formula (1) then becomes

.0028 Q — .0008 P + .00526 (P — Q). (3)

If all of the impurities are removed from the seed before crushing, P = @,
and formula (3) becomes .0020 P; or, in other words, the additional
profit made by reason of the presence of the screenings is, in dollars
per bushel, ¢35 of the percentage of impurities contained; or in cents
per bushel, } of this percentage. Thus, a seed containing 5 per cent
of impurities would be one cent per bushel more valuable than pure
seed, for the assumed conditions. Suppose, however, as is more com-
monly the case, none of the impurities are screened out. In this case
Q =0, and formula (3) becomes .00446 P; or the profit due to the
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screenings is, in dollars per bushel, 335 of the percentage of impurities
contained, or more than twice as great as when the screenings are
entirely removed and sold.

By treating formula (2) in the same way, we have, for the assumed
valuesof G, H, V, B, E, D, and F,

00536 P — .00052 Q — .0009 (P — Q). (4)

This expression does not take account of the slightly higher price some-
times obtained for oil meal than for cake. Using it, however, and
making @ = P, we have .00484 P, or making @ = 0, we have .00446 P,
as the relative expressions for the profit per bushel. These may be
otherwise expressed as follows: when the screenings are eventually sold
as oil meal, the profit, in cents per bushel, is .484 or .446 times the
figure expressing the percentage of impurity in the seed, according as
the screenings are all removed from the seed before crushing or all
crushed with the flax. For the prices and conditions assumed, and
irrespective of other considerations, the most profitable disposition of
screenings is to wholly separate them from the seed before crushing,
afterward grinding them up with cake to sell as oil meal. This is not
as illicit a practice as it might seem, for the reason that these screen-
ings consist to a large extent of the broken hulls of flax, and may be
equivalent in feeding value to the oil cake itself.

The foregoing analysis serves to show how complicated a problem is
presented to the crusher by even so simple a subject as that of screen-
ing. Formulas (1) and (2) are general in their application, and fur-
nish data for accurate judgment as to the best policy to be pursued
in any particular mill. The operation of maximum profit may be
computed directly for any assigned conditions, with the screenings
entirely or partly removed before crushing or run in their entirety through
the rolls, heaters, and presses. Some modifying factors should be con-
sidered, however, such as the cost of screening, the possible detrimental
influence of screenings-crushing on the yield of oil from the flax, etc.

A different problem presented occasionally is that of actually crush-
ing screenings purposely purchased because of the profit involved.
Seed from public elevators now seldom runs higher than from 1 to 1}
per cent in fine screenings. This is as close to absolute purity as present
equipment for cleaning can ensure. There are many incidental advan-
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tages in crushing flaxseed having a considerable percentage of impuri-
ties. These impurities contain some oil. They cost, even if actually
and directly purchased, practically one-fourth as much as seed, or one-
half as much as cake, or one-tenth as much as oil; and when crushed,
are sold as oil or as cake. Much depends upon the nature of the impu-
rities. In some cases, it is probable that a detrimental influence is
exerted on both output and yield of oil.

The following calculations represent the results of working prac-
tically pure seed containing free dockage (impurities) amounting to
2 per cent, 5 per cent of added dockage at $10 per ton, and 6 per cent
of added dockage at $10. In the last case it is assumed that the yield
of oil and the production will be slightly lowered.

Case 1. — No ScreeNINGs.

Seed $1.00 per bushel. Contains 2 per cent of dockage, not paid for. Production per
bushel = 19.50 pounds oil, 36.50 pounds cake, shrinkage 1.14 pounds, making 57.14
pounds total. Daily production 7000 net bushels = 7148 gross bushels.! Working
cost at 6 cents per bushel = $428.58 per day. Cake value assumed at $19.00 per ton
(2000 pounds).

Costofseed. .............oiiiiiiii i, $7000.00
Working cost. . ... ...t i e e 428.58
Total cost. ........... i i iiianaeann $7428.58

Pounds of cake = 7000 X 36.5 = 255,500.

Value of cake at $19.00 = $2427.25.

Net cost of oil = $7428.58 — $2427.25 = $5001.38.
Pounds of oil made = 7000 X 19.5 = 136,500.
Cost of oil per pound = $.03664.

Cost of ol per gallon of 74 pounds = $.2748.

Case II. — Five pEr CENT OF SCREENINGS.

Seed $1.00 per bushel. Contains 2 per cent of dockage, not paid for, also 5 per cent
of added dockage at $10.00 per net ton. Production per net bushel, from the seed, as
before, 19.50 pounds of oil, 36.50 pounds of cake. Production from the 5 per cent of
added dockage, 2.5 pounds of cake, making gross production per net bushel, oil 19.50,
cake 89.00, shrinkage 1.51, total 60.01 pounds. Daily production, 7148 gross bushels,
or 6640 net bushels. Working cost, $428.58 per day. Cake value as before. Wge have,
in this case,

! The net or “pure”” bushel is 56 pounds of pure seed. The gross bushel is 56 pounds
of material containing seed and impurities.
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Costofseed. ........................ i $6640.00
Working cost. . ...t e e 428.58
Cost of screenings. .. ........ ... ... ... ... iiiiiiiiaia., 100.00
Total cost.......... ... $7168.58
Less value of cake? ..... ... ... .. ... . il 2453.00
Netcostof oil .. ... ... .. . i 8$4715.58
Cost of oil perpound?®............. ... ...l .0365
Costof oil pergallon. ........... ... ... .. ... ... ... .274

Case 1II. — Six PER CENT OF SCREENINGS.

Conditions as in Case II, excepting that 6 per cent of dockage is added instead of
5 per cent; gross production, 19.40 pounds of oil and 38.80 pounds of cake, shrinkage
2.7 pounds, total 60.9 pounds per net bushel. (The yield of oil is taken slightly lower, and a
heavier shrinkage is assumed on the screenings, to correspond with conditions met with in
practice.) Daily production, 7143 gross bushels, or 6572 net bushels. Screenings
added per net bushel, 3.654 pounds, worth $.01827; cust of screenings used per day,
$120.07. Daily cake product, 38.80 X 6572 = 255,000 pounds. Oil product, 19.4 X
6572 = 127,500 pounds

Costof seed. .......ooooiiuiiiiiiiii i, $6572.00
Working cost. . ...t 428.58
Cost of screenings.............ooveiirvniiennnennnennnenns 120.07

Total cost. ... $7120.65
Less valueof cake................ ... ... . ...l 2422.50
Costofoil ...t 4698.15
Costof oil perpound. .......... .. .. . ... ol .0369
Costofoil pergallon...........................cooi.i.s. .2768

SUMMARY.
Condition. Cost of oil per gallon.

2 per cent seed, 19.50-yield . . .. 82748
5 per cent dockage added, IQ50y1eld PR £ 1)
6 per cent dockage added, I940}|e|d PP -3

The effect of adding screenings is shown to be slightly favorable to a
low cost of production, even when the excessive shrinkage on the screen-
ings is considered, provided no impairment of oil yield is produced. As
soon as sufficient amounts of screenings are added to adversely affect

! 8.0005 pounds screenings purchased at $10.00 per ton gives a cost of $.015025 for
the screenings mixed with each bushel of seed, or 8.015025 X 6640 = $100 per day.

? Pounds of cake = 39 X 6640 = 259,000.

8 Pounds of oil = 19.5 X 6640 = 129,500.
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the yield, a decided loss is experienced. The high shrinkage on screen-
ings is due largely to actual losses of this fine material in transportation
and working. For a fuller discussion of the causes of skrinkage in
general, reference may be made to Chapter X.

Crushing screenings alone, without any admixture of flaxseed, is
hard on rolls and press cloths. Presses without mats are used. The
cake is soft, and shrinks heavily in storage. It is ground up with
linseed cake to make oil meal, the screenings cake being added to
the extent cf ahout 30 per cent. The oil is a dark, thick product,
not readily marketable. Oil must be used, instead of water, for
tempering the meal.

The yield of oil obtained is just ahout equal to the quantity of oil
used in tempering. As far as the oil end of the operation is concerned,
it would be just as well to mix the screenings direct with linseed meal
without first crushing them. The objection to this is that the uncrushed
screenings have a detrimental effect on the oil meal, due to the various
seed oils which they contain.

From the sifters, the seed passes to the bins supplying the rolls. These
bins should be of ample capacity to tide the mill over any breakdown
in the elevating and conveying machinery. They should be built of
thoroughly seasoned wood and should be hoppered. Automatic scales
should be installed between the bins and the rolls. These are now
produced by several makers, and are accurate and reliable. The sub-
ject of daily weights of seed crushed is of such immense importance to
the crusher that no expense should be spared which will ensure the
obtaining of such weights. In existing mills, the arrangement of floors
and machinery is frequently such as to make the installation of such
scales impracticable; but no new mill should be built without careful
provision being made for scales, preferably one set for each group of
rolls supplying a set of presses, from which the oil and cake may be
separately weighed.

After leaving the bins, the future progress of the seed and meal is
wholly by means of chutes, screw conveyors, or belt and bucket eleva-
tors. Chutes should be of thoroughly seasoned wood. Conveyors are
usually enclosed in metal, elevators in wood or metal. Wooden con-
veyor boxes, if used, should be of prime seasoned lumber, dressed on four
sides, placed perfectly level and provided with ample supports. They
should be cleated across the top at intervals not exceeding four feet.
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The bearing at the driving end cf the conveyor should be supported
independently of the conveyor box. The usual form cf metal box is
round on the bottom and square on the top, in cross section. The
conveyor screw should be generated from a true helix, should be as
free as possible from laps or rivets, should be of strong construction,
and cast true to design, and should be amply supported and well
balanced.



CHAPTER IIIL

GRINDING.

The rolls.—Method of operation.—Sizes.—Details of construction.—Location and driv-
ing.—Necessity for grinding the rolls.—*“Candling.” —Roll grinders.—Their opera-
tion.—Speed of rolls.—Evolution of differential speeds.—Comparative data.

GRINDING or crushing proper is performed by the rolls. The small
oil-bearing particles in the seed must be thoroughly broken up if they
are to part with their oil. This involves abrasion under heavy pressure.
In some cases even this is not sufficient, very old or very dry seed re-
quiring the addition of a small amount of moisture in order that it may
be pulverized readily. Usually about three presses are supplied from
each stand of rolls, the average capacity from a stand being about 500
bushels per day. Whenever for any reason one stand of rolls is shut
down, the remaining stands supplying the set of presses must therefore
be overloaded with seed, usually to the detriment of the fineness of the
meal and the yield of oil. The best practice, where the presses are
divided into groups of about six, would be to have three stands of rolls
for each group of presses, one stand being always in reserve. The
three stands should never be operated concurrently, on account of the
excessive power consumption. The rolls consume a nearly uniform
amount of power irrespective of the amount of seed they are crushing.
When in poor condition each stand in operation may require as much
as 15 horsepower.

The size, speed, and general design of the rolls greatly affect their
capacity and power consumption. The ordinary “stand” consists of
a small fluted or corrugated feed roll, several (usually five) other rolls
below, a feed box above the stand, guide plates for directing the seed to
the roll, scrapers for removing the ground seed from each roll in turn,
and a stout frame or housing supporting the other parts. The rolls
rest in bearings supported by the housing. Three of the five crushing
rolls are caused to revolve by the application of power. These are the
top, the bottom, and the middle rolls. The remaining two are moved

32
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in the reverse direction from the other three by friction. The seed
from the feed box first flows to the feed roll, by which it is distributed
uniformly along the top crushing roll. Over this it falls to a guide
plate, which prevents it from falling farther, and directs it to the con-
tact surface between the first and second rolls. The rolling of these
two heavy cylinders together draws in and crushes the seed, passing it
through to the other side. Any ground seed adhering to the back face of
the top roll is removed by a stationary scraper, and falls, with the meal
adhering, to the second roll, and, assisted by a guide plate, into the
space between rolls two and three. This gives it a second crushing,
and with a stand of five rolls four crushings are of course received by
the seed during its passage from the top to the bottom. The crushing
pressure is that due to the weight of the rolls themselves, and increases
by the weight of one roll at each successive passage of the seed between
a pair of rolls, until at the bottom or last stage the seed is subjected to
the combined weight of four rolls.

Roll stands are made in various sizes from three-high 12 X 24 inches
to five-high 26 X 72 inches. For linseed crushing, the usual standard
sizes as given by the Buckeye Iron and Brass Works are as follows,
the capacities given being somewhat unduly conservative:

Size
Upperrolls..................... 1430 [ 1436 [ 14X 42 [ 14 x 48 | 16 x 60
Bottomroll..................... 16 X 30 | 16 X 36 [ 16 X 42 | 16 X 48 | 20 X 60
Floor Space .
Breadth........................|5ft. 8in|6ft. 2in.|6ft. 8in.|7Tft. 4in.| 8ft. 6in.
Depth.........................[4ft. 4in[4ft. 4in[4ft. 4inj4ft. 4in| 41t. 8in.
Height....................... -..|8 ft. 10in.|8 ft. 10 in.|8 ft. 10in.|8 ft. 10in.| 9 ft. 6 in.
Approximate weight ............. 13,600 1bs.(14,300 1bs.16,000 1bs.[17,000 Ibs.|23,600 Ibs.
Rated capacity per 24 hours. .. ... 150 bush.|190 bush.|240 bush.|300 bush.|500 bush.

The 42 and 48 inch length rolls are those generally used by linseed
mills. The feed boxes are of wood and the top (feed) roll of fluted
machinery steel. The feed-roll shaft is fitted with a lever-actuated
jaw clutch, permitting of instant stoppage or starting of the feed inde-
pendently of the remainder of the machine. The remaining four rolls,
of chilled iron, are ground to the highest possible accuracy and finish.
The top roll is then corrugated longitudinally. Roll shafts are of steel,
forced in by hydraulic pressure. The final grinding of the rolls is done
after fitting the shafts. The bearings for the roll journals are made



34

Fic. 10. —Buckeye CrusHiNGg Rouws. UNIVERsAL
Take-Up, SINGLE BELT DRIVE.

in diameter than the others.
the belt alignment is se-
cured by means of screw-
actuated guide and tight-
ener pulleys. The tightener
screws are operated by
ratchet handles, and perma-
nent adjustment ensured by
a positive clamping device.
A stand of rolls of this
design, arranged for bottom
drive, is shown in Fig. 10.
A simpler style, for tandem
belt, with clutch control
on the feed-roll drive and
swing-take-up top drive, is
illustrated in Fig. 11. The
two styles are made in

LINSEED OIL.

very large and are heavily
lined. The housings are
made up with machined
joints, so arranged that
either the front half or the
rear half may be removed
without taking off the feed
box. Any roll can be readily
removed by blocking up the
rolls above. The pulleys are
made of ample face for the
high power delivered to
them, and in the Buckeye
rolls are carefully machined
to diameters exactly pro-
portional to the roll diam-
eters. The bottom roll
of the stand is usually
from 2 to 4 inches greater

In the more improved types of rolls,

Fig. 11. — Buckeye CrusHING RoLis. Swine
Take-Up, SINGLE BELT DRIVE.

sizes from 14 X 30 inches to 20 X 60 inches. Fig. 11b shows the
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five-high roll stand, with idler drive, built by the Platt Iron Works
Company.

Rolls may be driven by rope or double belt, the latter form of drive
being more common. They are usually located with reference to quick
communication with the
press room. In the stand-
ard type of mill, shown in
Fig. 1, the rolls, heaters,
and presses are all grouped
in one room. This is
probably the best arrange-
ment, although it involves
elevating the ground seed
for supplying the heaters.
Where ground space is
limited, the rolls are often
placed on a second floor,
above the presses. The
meal in this case descends
from rolls to heaters by
gravity, but the heavy
weight of the rolls makes
the building construction
expensive and usually re-
sults in too low a ceiling in the press room, with consequent overheating
and bad ventilation.

For fine grinding to uniform meal, the minute distance which sepa-
rates adjoining rolls must be uniform along the entire width of the rolls
and at all points during their rotation. This involves keeping the rolls
in perfect cylindrical shape. After some months of operation, this cylin-
drical shape is lost. The rolls get out of true, due to a lack of perfect
balance, get cut by foreign substances, and wear irregularly on account
of a slight lack of uniformity in the distribution of seed to the top roll.
It is usually considered that, in default of accident, a stand of rolls
should remain in reasonably good condition while grinding 50,000
bushels of seed. After this they rapidly deteriorate, and this deteriora-
tion means money lost by reduced yield of oil. 1f working at a normal
daily capacity of 500 bushels, a stand of full-sized rolls should run 100

Fic. 11b. — Prarr CrusHinNG RoLis.
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days, or nearly four months, before requiring regrinding. It requires
up to five days to place four rolls in the grinder and work them into good
condition, so that the average stand of rolls is necessarily out of service
five per cent of the time, and a grinding machine is properly continu-
ously operated for every twenty stands of rolls.

The condition of the rolls is periodically examined by “candling.”
One man holds a lighted candle back of the line of contact, moving it in
a direction parallel with this line, while another man looks toward the
candle from in front. Any increase in the size of the thin line cf light
indicates wear. If this is noticeable while the rolls are stationary, the
wear is endwise: if further variation is noticed when the rolls are rotated,
they are “out of true.” Scratches and grooves are of course readily
discerned. The condition of the rolls in general is naturally constantly
evidenced by the fineness of the meal.'

The roll grinder should be located conveniently with reference to the
rolls, as the latter are heavy, their transportation expensive, and delays
wasteful. It should be set on a solid foundation, capped by a sand box
to absorb vibrations and to prevent the formation of a “chattered”
surface on the roll. The grinders are expensive, costing nearly $2000,
and many small mills ship their rolls away for grinding, at a cost ¢f $10
to %15 per roll.  This tends often to delay needed grinding. One type
of grinder, widely used, is shown in Fig. 12. This is suitable for the
ordinary sizes of linseed rolls, being known as a 16-inch solid rest grinder.
It consists of a heavy single bed casting, with a movable carriage,
which travels back and forth in the ways in front of the,roll. There
are two grinding wheels, usually of carborundum. The carriage travels
automatically, reversing itself at the end of the roll. It is driven hy
the feed screw running inside the bed and extending its entire length.
The driving mechanism, shown at the head, consists of cut gears, clutches,
etc., which drive the carriage only. The wheels are driven from-over-
head drums, along which the belts move sidewise with the wheels. The
main pulley at the head of the machine is also driven from the over-
head drums and countershaft.

The rolls while being ground rest upon and revolve in their own
bearings instead of upon centers, being driven by the pocket head

! The difficulty of accurately gauging the fineness of the meal may be decreased by

first extracting the sample of oil by percolation. The residual meal particles are then
much less brittle.
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and spindle shown on the floor in front of the machine. The rolls are
ground wet. An overhead tank, either an oil barrel or a wooden,
lead-lined tank, is filled with a solution of soda-ash in water. From this
tank, piping is run to faucets over the wheels. The water facilitates
the grinding, and the soda prevents rust. The bed cf the machine serves
as a receiving tank for the soda-water, from which it is returned by a
small power pump to the overhead tank.

Very long rolls are sometimes ground in a machine having a swing-
rest carriage. This differs from the grinder illustrated in having the
two wheels suspended upon knife-edge or V supports, on which they
swing or balance in unison.

Newly ground rolls often take the seed very slowly. In order to
hasten the operation of grinding, the top roll is frequently given a slight
corrugation after it leaves the machine and before starting. This is
done by lightly marking it with a cold chisel from end to end at several
points on its circumference, using the guide-hoard as a rest. It is not
always found necessary or desirable with chilled rolls.

Little has been said regarding the speed of the rolls. There is a
difference « f opinion as to what constitutes good practice in this respect.

The Buckeye practice is to maintain

uniform circumferential velocity.  Obvi-

ously, this uniform velocity can be ex-

pected only from new rolls unless the

pulleys are changed cach time the rolls

are ground. Some manufacturers disap-

prove of uniform velocities, and probably

ordinary practice is away from, rather

than toward, uniformity. Flaxseed was

formerly ground in what are known as

stone mullers (Fig. 12a), these being large

disk-shaped stone wheels revolving about

Fic. 12a. — MuLLER Stonms ror & horizontal axis in contact with a flat
GRINDING. stone or iron base against which the

(Rose, Downs & Thompson, Itd) seod was rubbed. A system of these
stones, in addition to their individual rotation, revolved about a vertical
axis in the center of the system, so that the seed received not only a
crushing due to the rotation of a cylindrical surface on a plane, but
also an abrasion due to the sliding motion of the cylinder on the plane.
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Effective grinding with the modern form of roll similarly involves the
running cf the rolls at slightly differential speeds in order that there
may be a scraping and sliding motion as well as one of simple grinding.
Inasmuch as the standard dimensions for rolls are 16 inches and 14
inches for diameters of bottom and remaining rolls respectively, it will
readily be seen that to obtain a sliding effect at all times between middle
and top rolls, the diameters of the pulleys attached to them must be
different; otherwise the idle roll between these two might make a firm
contact with each and simply turn without there being any sliding, the
circumferential speed of each of the three being the same. That this
fact has been appreciated in the past is shown by the standard dimensions
of five-high rolls built by one of the leading manufacturers. The
bottom roll is 16 inches with a 22%-inch pulley. The middle roll is
14 inches with a 20%-inch pulley. The top roll is 14 inches with a
204 -inch pulley. It must be remembered, however, that as these dimen-
sions are for tandem-driven rolls, the respective rotative speeds are not
simply proportional to the pulley diameters. The driving pulley for
the middle roll, assuming that the thickness of belt is } inch, is ¥ inch
greater in effective diameter than the driving pulley for the bottom roll,
and the driving pulley for the top roll is 1 inch greater in diameter.
Assuming that the belt thickness is actually } inch and that the bottom
roll speed is 128} r.p.m., then the circumferential speeds in inches
per minute are as follows:

Bottom roll. . ... ... i e e 6459
Middleroll. . .. ... . e 6509
Toproll..... .. 6553

and the amounts of sliding are equal of course to the differences between
these figures; so that the sliding between the top, and middle rolls is
equal to 44 inches, and that between the bottom and middle rolls 50
inches, per minute, which may be assumed to represent approximately
correct practice. '

It is interesting to note, however, that when one of the large manu-
facturers originated the single drive he failed to bear in mind this differ-
ence of speed, making the pulleys as follows:

Bottom ......... ... ... i 22% inches
Middleandtop ......cooovviiiii i 20 -
This gave practically uniform circumferential speeds of all pulleys, and
was an unfortunate departure.



CHAPTER 1V.

TEMPERING THE GROUND SEED AND MOLDING THE
PRESS CAKE.

Operation of tempering.—Theory.—Standard form of heater.—Details of construction.
—Dimensions. —Power for heaters.—Heater capacity. —Continuous heaters.—
Handling wet seed. —The molder.—Its construction and operation.—Double mold-
ers.—Sizes.—Hydraulic formers.—Power formers.—Steam formers.—Desirability
of an entirely automatic type of former.

THE tempering of linseed censists in submitting the ground meal to
the combined influences of heat, moisture,’ and agitation in a steam-
jacketed kettle or heater, which is usually closed at the top, but is pro-
vided with doors on both top and sides, which may be opened to facili-
tate the regulation. In addition to the heat derived from the jacket,
it is customary to inject steam directly into the meal, sometimes by
means of an atomizer, spraying the steam across the stream of meal
entering the heater, and sometimes by drilling a hole in the vertical
shaft operating the sweeps of the heater and running perforated radial
pipes out from the shaft. The perforaticns face away from the direc-
tion of rotation of the sweeps which afford agitation. It is also some-
times the practice to put a small quantity of water directly into the meal,
although the generally accepted theory is that this is unnecessary except-
ing when working very old and dry seed.

The theory involved in the process of tempering is that the combined
heat and moisture break up the oil cells, scften or dissolve their gelati-
nous coatings, increase the limpidity of the oil, and coagulate the
albuminous sediment-forming particles in the seed, thus making it
readily possible for the oil to flow out when subjected to pressure.

The standard form of heater is 72 inches in diameter, and consists
of two cylindrical chambers, one above the other. Both chambers are
jacketed on the bottoms and sides. The meal is fed into the upper

! The moisture question is unsettled. Probably the general practice is to moisten
the seed, but as shown later. crushers differ on this point. Certain seeds rich in moisture,
like rape and mustard, are always tempered dry.
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chamber, and after having been cooked for some time is carried by the
action of the sweeps to an opening through which it falls to the lower
chamber, where the cooking is continued until such time as the meal
is thrown out into the “former.” The steam supply for the jackets
is usually provided by a one-inch pipe, sometimes enlarging to one and
one-quarter inches through a reducing pressure valve. When exhaust
or low-pressure steam is used, the pipe connection is larger. The drips
from the jackets are carried to a No. 2 steam trap with three-quarter-
inch connections. A separate direct bleeder is provided in order that
the temperature may be quickly brought up in starting. The steam
trap cannot be worked successfully with a new heater until after several
months’ operation, after the sand resulting from the casting of the sec-
tions has all béen blown out through the pipes. The trap outlet should
be to an open well, and there must be no back pressure on the
heaters. '

In flaxseed milling, if the meal is taken directly from the rolls, molded
and pressed, allowing the usual interval of time under pressure as in
ordinary working, a cake is obtained which will show an analysis of
from nine to fifteen per cent of oil. If the meal obtained in the same
way is cooked, as is ordinarily done in the heater, and exposed to pres-
sure under the same conditions, a cake showing as low as six per cent
cf oil will be obtained. As there is no good reason why waste exhaust
steam should not be used in the heaters instead of live steam, now more
commonly employed, the cost of “tempering” the seed need not be
cf any consequence. With proper arrangement of the supply pipes,
and ample drainage from the heater, exhaust steam should supply all
of the heat required. Where the vacuum system of steam heating
is used for warming the buildings, as is now common, there are abso-
lutely no complications or difficulties in the way of using the exhaust
steam for the heater jackets. The steam which is injected directly
into the meal must of course be clean, otherwise the purity of the oil
and cake will be impaired. When exhaust steam is used for this pur-
pose, effective oil separators or grease extractors must be installed on the
pipe lines in order to ensure the removal of all traces of cylinder oil.

The object of building standard heaters in the two-high and three-
high forms, rather than in a single compartment, is to permit of the
more gradual and thorough cooking of the meal. The bottom com-
partment also acts as a receiver or storage basin, containing at all times
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a large quantity of meal in proper condition for instant withdrawal to
the former and transmission to the press. Good results may be ob-
tained by cooking the meal in a single compartment, but at the expense
of much closer attenticn and far more interference with the operation
of pressing. For this reascn, linseed heaters are now almost universally
made two-high or three-high. The meal is fed into the upper compart-
ment and falls continuously in small quantities to the bottom com-
partment, the temperature and moisture in which are regulated as
desired. The sizes «f compartments vary from 42 inches in diameter
and 12 inches in height up to 84 inches in diameter and 24 inches in
height, the most common size in recent mills being 72 by 24 inches.
The standard heater compartments built by the Buckeye Iron and Brass
Works consist of two picces each, bottoms and sides l;eing iron cast-
ings scparately made, and joined iron to ircn by machined surfaces.
The two halves are cored independently for separate steam connnec-
tions. There is thus no pressure at the joint, and no tendency to leak-
age of steam. The separate jacket spaces, for both bottoms and sides,
permit of close regulation of the steam pressure and temperature.  The
inner and outer walls are
stayed by pillars cast in, at
about four inches distance
frem one another.  The
sweeps are of cast iron, tri-
angular in cross section, and
hollow.  Occasionally they
break, and all mills make a
practice of carrving spare
sweeps in stock. The hubs
fit loosely on square-section
shafts, and are driven by
jav: clutches, thus permitting
the sweeps to lie always close
to the bottom regardless of
the alignment of the shafting.
The sweeps thus keep the
bottoms free from gum. The
supporting columns for the heaters are of cast iron, faced off square.
Flange joints should be machined and drilled to template, so that the

Fi6. 14, — BuckeyE T'wo-Hich 84-IncH LinsekD
HEATERS.
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columns will be interchangeable. The vertical shaft bearings must be
lined with high-grade metal, on account of the high heat to which they
are subjected. In Fig. 14 is shown a two-high heater with the usual
form of driving arrangement, consisting of a bevel gear working with a
pinion on a countershaft, which is belted from the main jack-shéft.
The usual practice is to

keep the entire shafting

and gearing below the floor

on which the heater stands.

This heater has an enclosed

space between the two com- '
partments, thus completely
separating them. This en-
closed space is jacketed on
the sides, like the compart-
ments, and the flat spaces
between compartments and
intermediate space are hol- f
low and filled with steam.
This 84-inch heater is used
in some mills for serving
two sets of six presses
each, but is too small for
doing this amount of work
where the output per press
is large. It is more cus-
tomary to use a 72-inch
heater for each set of six
presses. Fig. 15 shows the
three-high 72-inch heater, Fi. 15. — Buckeye THree-HieH 72-Incu Lin-

. s ) seeD HeaTers, Showine DousLe Hypratvric
with drive from below, and Cake ForMez 1N Posrriox.  Sus-Froor Drive.

indicates the usual loca-
tion cf the cake former with reference to the heater. The two-high
heater is more commonly employed when moisture is injected into
the meal, the three-high being used when the meal is tempered dry.
The following is the list of standard sizes of linseed heaters made
by the Buckeye Company:

- - - -
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|
Style. Two-High. | Three-High. |[ Two-High. | Three-High.
I
!
Size of compartment. . 72 X 24in. | 72 X 24in. |' 84 X 24in. | 84 X 24 in.
Capacity per day (maximum) | 1600 bush. | 1600 bush. || 2400 bush. | 2400 bush
Floor readth. .. .. ...| 8ft. Oin. 8ft. 0in. 9ft.8in. | 9ft. 8in
*P8CE) Depth . . .| Oft. $in. | 6ft.$in. || Tf 4in. | T $in
Height ... .. o] 9ft9in. | 12ft. Oin. l 10ft. 1in. | 18ft. 9in.
Approximate weight .| 15,800 1bs. | 22,000 Ibs. i' 18,500 Ibs. | 29,000 Ibs

The power required for driving ordinary heaters is not great, depend-
ing largely upon the good or bad condition of the drive. In one case,
a line cf six heaters consumed only 21 horsepower more when running
full of meal than when running light. The capacity of a 72-inch heater,
conservatively estimated to allow for all reasonable variations in con-
dition of seed, is about equal to that of six ordinary presses — say at
the outside 1200 bushels of seed per day. Insufficient heater capacity
ruins a linseed-crushing establishment. The meal must be properly
cvoked or tempered if the yield cf oil is to be what it should be. Even
with ample heater capacity, a slightly irregular character of meal will
affect the yield to the extent of two or three per cent, with a correspond-
ing variation in the profits from the business. In four mills which came
under extended observation, the number of bushels cooked by each
heater per day ranged from 1050 to 1300. The yield in the case of
the mill operating its heaters at the higher capacity was noticeably less
than in the other cases.

One heater is installed for each set ¢f from five to twelve presses,
being located about six feet away from the front line cf the presses, and
symmetrically with respect to their number. No intercommunication
is provided between the various heaters, each one taking meal from a
definite group of rolls and delivering it to a definite group of presses.
The possible advantage of intercommunication would lie in a decreased
liability to interrupted operation on account of heater breakdowns.
Such breakdowns are, however, very rare, occurring sometimes at the
sweep, and less frequently in the bevel gears or in the ccnveying and
elevating apparatus between rolls and heaters. Spare gears should be
kept on hand. A conveyor or elevator breakdown is annoying, but
usually of short duration. The most troublesome feature in connec-
tion with any accident affecting the heater is the usual necessity for
dumping the meal on the floor and subsequently shoveling it back for
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retempering. This means increased cost, loss of time, and usually
a noticeable loss of material.

A style of heater which has been received with favor in some cotton-
oil mills, and may be developed for linseed mills, consists in what is
practically a steam-jacketed screw conveyor, through which the meal
is run continuously, thus avoiding the necessity for regulation, which
makes ordinary methods of tempering so uncertain. It is stated that
a 200-foot length of 12-inch conveyor is adequate for the tempering of
the meal in a mill crushing 4000 bushels per day, and that 350 feet of
16-inch conveyor are sufficient for 9000 bushels per day. This form
of heater was originally introduced by the V. D. Anderson Company
of Cleveland, Ohio, and is illustrated, incidentally, in Fig. 52.

The thoroughness of tempering can be quite closely estimated by
taking a sample of the meal from the heater in the bare hand. The
temperature should be so high as to prohibit more than a momentary
handling. When firmly compressed in the hand, the meal should form
a compact, snowball-like mass, not crumbly, and the oil should ooze
out quite freely between the fingers. The odor from properly cooked
meal is characteristic, different from that of the ground seed, but not
resembling a “burnt ” odor. A good thermometer should always be
connected with the interior of the lower compartment, and its indica-
tions carefully watched. Automatic regulation of temperature and
moisture would be desirable for perfect tempering; but methods for
producing such regulation have not yet been suggested.

Seed which has been accidentally wet is very difficult to treat. Unless
taken care of promptly after the wetting it will heat, sprout, and spoil.
It should be at once removed from the storage tank, spread out in a
thin layer in the sun or in a dry warm room, and frequently turned over.
It is difficult to grind, and requires close watching as it goes through
the rolls. As it produces inferior oil and cake, it is usual to run it
through the mill with at least an equal bulk of pure seed, which facili-
tates the grinding and tempering. The latter operation should be per-
formed with great care, to avoid burning the seed, and more than the
usual length of time should be allowed for it to gradually reach the
proper temperature and to thoroughly drive off the excess of moisture.
The yield from seed which has been wet is always low.

From -the bottom of the lower compartment of the heater the meal
passes to a box mounted on a runway over which the box travels to the
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“former” or “molding machine” or “measuring frame.” The box
makes a fairly tight joint at the top against the bottom plate of the
heater, along which a thin lever-actuated gate moves. This gate is .
always open, excepting when the box is traveling out to the former and
back, during which operation the molder (operator) takes care to close
the gate. The box thus forms practically a part of the lower compart-
ment, in which the closing gate periodically cuts off a definite amount
of meal, always somewhat in excess of that required to fill the molding
machine.

The object of the former is to measure correctly and compress into
convenient and compact form for delivery to the press the cooked meal
from the heaters. The standard hydraulic former is essentially a table
placed at a convenient height from the floor. From one end of the table
a runway extends under the bottom of the heater, and on this runway
moves the meal box. The table is arranged so as to lock in position
at the end of the runway, and also to slide back under the stationary
part of the former, consisting cf a head block of heavy cast iron sup-
ported by three or four turned wrought-iron pillars. This head block
is intended to withstand the upward pressure of a base plate actuated
by a hydraulic ram from below. To the under side cf the head block
is attached a slightly concave iron plate. The hydraulic ram in the
base is usually about eight inches in diameter, and is actuated from the
low-pressure hydraulic system «f the mill. The pressure is uniformly
distributed over the surface of the cake by means of the heavy base
block on top of the ram. The operation of the machine is as follows:
The movable table being at rest, out in frent from under the head block,
a tray or pan, slightly larger than the size of cake to be made, is laid
thereon. This tray is ¢f thin sheet metal, usually of iron, sometimes
of aluminum, slightly crimped up on the edges, and provided with a
wooden handle. On top cf the tray is spread the press cloth, about
fifteen inches wide and six fecet long, the two ends hanging down
toward the floor. A hinged flapper frame ahout three inches
high is now swung down on the table, on top of pan and-
cloth. This forms a mold for the receipt of the meal, holding
it to definite size. The meal box is now run out on the run-
way (the gate being clcsed) and the meal distributed in the
mold prepared for it, by two quick motions of the box back and forth.
The bottom of the box is always open, but being in close contact with
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the runway, no meal falls out until the box runs over the opening formed
by the flapper frame. The latter being filled, the box is shoved back
_under the heater, and the gate opened, so that meal will be ready
when required for molding the next cake. The flapper frame is now
swung back out of the way, and the table with pan, cloth, and meal
pushed back under the head block. A turn of the contrclling valve
applies the hydraulic pressure and causes the ram to ascend, com-
pressing the meal into a moderately compact cake. Another turn, and
the ram descends. The table is pulled out, the ends cf the press cloth
folded up over the cake, and the pressman grasps the pan by the handle
and one side and lifts the cloth-enclosed cake into the press, removing
the pan. Meanwhile the molder has started the preparation of another
cake, using a second pan. The formers are frequently built double,
one head block and ram serving two tables and operators, one being
located on each side «f the stationary head block. The two operators
may work entircly independently of each other, excepting that onc
must fill his flapper frame while the other is compressing a cake over
the ram. Double formers are frequently used where only one side is
to be operated, in order that a reserve machine may be available in case
of breakdown. The capacity of the single machine is ample for a group
of six presses, and a record has been made of ten cakes per minute,
corresponding to the capacity cf thirty twenty-plate presses as usually
worked.  As one former, at least. is necessary for each heater, the hy-
draulic molding machine is never worked up to the limit cf its capacity.

One advantage cf the double former is that by properly working the
press-gang of three men both sides of the machine may be operated at
once, thus reducing the time necessary for charging the press, and
increasing the time the cakes are left in the press, and consequently the
yield of oil, without sacrificing the output. When two men share in the
work of molding, it is usual to even up things by having the same two
work together at some of the other operations incident to the filling and
emptying of the presses.

The ram stroke should be short and quick on a former. This requires
the relatively large ram, large pipe connection, and low pressure. The
pressure should have choke-control to prevent jar. On the Buckeye
type of double formers, the controlling mechanism is interlocked so as to
prevent absolutely the possibility of applying the pressure unless one of
the molding tables is fairly in position under the head, or both of them
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clear out against the stops. No stroke can be made with either machine
partially under the head. The meal boxes are of heavy sheet steel.
The flapper frames are of wood, brass faced, and hinged to the head
block. The usual cake sizes for which formers are built are 12 X 28
inches, 13 X 32 inches, 13} X 34 inches, and 14 X 34 inches. These
are apt to undergo slight modifications at the hands of the crusher.

The hydraulic former, usually used, is rather more comfortable for the
workman than the hot steam former. The pressure used is about five
times higher, permitting of the use of a smaller ram. The ram stroke
being only about 2} inches, the power consumption is slight. Some
designs involve the use of a stationary ram, the ram cylinder moving
upward with the base block or platen. This is an incidental point,
depending largely upon convenience of arrangement. The cylinder
and platen are made in one piece, and are heavy, so as to give a quick
fall when the pressure is released. The operating valve handles are

turned to either side to cause the

application of the pressure, and

shifted downward to release it.

These handles, as shown in the

illustration. Fig. 16, are pinned

rigidly to a continuous shaft feath-

ered full length, excepting for short

intervals at the middle and ends.

Forked castings engage these

feathers, the castings being at-

tached to the molding boxes, thus

preventing the turning of the op-

Fio. 16. — Buekeve Dovsie Hypravuc  erating handles atimproper times.

Cake ForumEer. The operating valve is encased

within the base of the floor stand, thus being protected from fouling by

spilled meal. All pipe connections are below the floor, out of the way

and secure from accident. The ram is packed with crimped leather.
The dimensions of the hydraulic machines are as follows:

! Single Double
Former. Former.

, Breadth........... 41t 9in. 4 ft. 9in.
Hmrs'mm{])epth..........‘. 3ft. 7in. 5 ft. 4in.
Height........................ [ 4ft. 4in. 4ft. 4in.
Approximate weight. ........... 4100 Ibhs 4400 Ibs.
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The power former, shown in Fig. 17, is used only in mills of small
capacity. It is automatic in its movements, the lifting of the hand
lever in front starting the mechanism, and the machine locking itself
in the open position shown in the engraving, after the cake is formed.
The pan must be laid, the press cloth spread, and the meal supplied
just as in the case of the hydraulic former. The molding box is sta-
tionary, and the pressure is produced by the downward movement of
the head-piece. The head recedes as it rises, so that in open position

there is clearance for the full-length passage of the meal box in front.
This machine occupies a floor space of 4 feet 2 inches by 2 feet
10 inches, a height of 4 feet 4 inches, and weighs 2400 pounds.

!

|
L _— ]

Fi. 17. — Buckeye Power Cake Fig. 18. — BuckeyE DouBLE Steam CAKE
FoRMER. FORMER.

A steam-operated former is shown in Fig. 18. These formers are
made both single and double. The vertical stroke is 2} inches. The
steam is gradually admitted, so as to produce compression without
shocks. Provision is made for catching drips and leakage, and the latter
is reduced as far as possible by using a special form of piston packing,
which is forced tightly against the cylinder walls by the pressure of
steam. This machine is used only in mills of small or moderate size,
being more wasteful of power than a former operated from a good
modern hydraulic system. The dimensions are as follows:

Single Double

Former. Former.

Breadth. .. .........| 4ft. 2in. 41t. 2in.

Floorspnce{Depul”“”””“_ 3ft. 7in. 5ft. 4in.

Height..........................| 4ft. 4in. 4ft. 4in.
Approximate weight. . ... ........ 3200 lbs. 3700 lhs. |
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Fig. 18b shows a single unit heater and steam former as built by
the Platt Iron Works Company.

Compressed-air formers have been used to some extent, but not largely.
The hydraulic former may be considered the present standard machine.
One of the largest savings possible in the linseed industry would be
effected by an entirely automatic cake former and press filler, which

Fic. 18b. — Pratrt HEATER AND StEAM FORMER.

would obviate the necessity of manual labor between the heater and the
presses. This would save practically two-thirds the cost of press-
room labor, or practically one-third the entire cost, within the mill, for
producing raw oil and bulk cake. It would greatly reduce the time
of filling the presses, remove the complicating and troublesome labor
problem in the hot press room, increase the yield of oil and the output
per press, and be generally desirable. The only effort yet definitely
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made to effect this saving has been that of A. B. Lawther, a pioneer
in the linseed industry, to whom were issued United States letters
patent No. 720,532, covering apparatus for automatically extracting oil
from seeds. In Mr. Lawther’s invention, for several reasons, among
which may be named the prime difficulty of conveying the formed cake
from the place where it is made to the various presses of the mill, and
the difficulty of delivering such cake to the various chambers of the
press, the presses are brought one after another to the cake-forming
apparatus and lowered, after lifting to full height, so that chamber
after chamber of the press comes into position to receive the cake from
the forming machine without movement of the latter. The cake is
discharged from the presses by a similar step-by-step lowering. A
stationary heater and a stationary cake-forming machine are provided,
to which latter the meal is conveyed from the heater by means of a
screw conveyor. A series of hydraulic presses is mounted on a turn-
table, which moves around on a fixed track by an intermittent motion,
bringing each press successively into proper position with relation to the
forming machine. The device for raising and lowering the presses is
mounted on the turntable. The operation is hydraulic throughout.



CHAPTER V.

PRESSING AND TRIMMING THE CAKES.

Operation of the presses. —Time interval and output.—Influence of various factors upon
yield.—Theory of hydraulic operation.—Importance of correct molding.—Weight
of cake.—High temperatures necessary for good yields.—Mats.—Influence of mats
on yield of oil. —Cold-pressed oil.—Permissible number of plates.—Links.—Lifts.
—Reversing apparatus.—Details of construction.—Press boxes.—Plates.—Drain-
age.—Attachment of mats. —Press cloth. —Use of camel’s hair.—Strippers.—Mechan-
ical strippers.—The press gang.—Trimming.—General analysis.—The French
trimmer.—Details of construction.—Disposition of trimmings.

THE capacity of a linseed-oil mill is roughly expressed by the number
of presses which it contains.' This is scarcely an accurate measure,
because the output per press may vary 100 per cent or more, according
to the size and arrangement and the program of operation. Presses
are grouped in sets of from five to twelve, six being the usual number.
Each set is operated by a gang, usually of three men. The presses are
filled as rapidly as possible, in turn, the pressure being applied to each
as filled. After filling the last press of the set, the men have a brief
breathing time until the signal bell sounds for starting the filling over
again. The pressure is then released from the first press, its contents
removed, new cakes inserted, and the pressure again applied. The
same operation is performed for each of the presses in the group.

The men work to a schedule which is expressed by the number of
“ pressings”’ or “changes” per hour. Thus, six pressings per hour means
that the men fill and empty six presses in each hour. This is about
the average speed of working. If the presses are in groups of six, then
there is an interval of exactly one hour between the times of filling
and applying the pressure on each press, during about fifty minutes of
which the press is subjected to pressure. During the other ten minutes
the press is being emptied and filled. If seven pressings per hour are
made, and the presses are in groups of six, then the interval between
fillings on each press is § X 60, or 51 minutes; and if five pressings are

! Its output is measured by the number of bushels of seed crushed, just as that of a
cotton-oil mill is determined by the number of tons of seed worked.
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made, the interval is § X 60 =72 minutes. The amount of work
done by the men depends upon the number of pressings made per hour,
and is independent of the number of presses in a group. The time that
the cakes are in the press, and consequently its output, are both deter-
mined by the number of pressings made and the number of presses in
a group. Where many presses constitute a group, if a fair output is to
be obtained, the men must either work harder or more than three men
must be used on each press gang; in either way more pressings per
hour being made.

The output of a press depends upon the time interval between fillings,
the weight of the cakes, and the number of cakes per press. If N = the
number of presses in a group, P = the number of pressings per hour,
W = the weight of the meal cake fed to the press, in pounds, C = the
number of cakes per press, then the weight of each press charge is CW,
the weight of meal pressed per hour is PCW =+ N, and the number of
bushels crushed per day of 24 hours is 2} PCW + N. Conversely, if
the daily output in bushels is known, say as B, then the average weight
of the meal cake may be ascertained, providing the presses are working
uniformly to schedule, from W = §{§ NB + PC. The number of cakes
per press ranges from twelve to twenty-four; the average weight of meal
per cake is from sixteen to twenty-four pounds. For the common prac-
tice of making six pressings per hour on a group of six presses, therefore,
the daily output in bushels under average conditions is $§ X 6 X 16 X
20 + 6 = 137 per press. A thoroughly modern press having a capa-
city of twenty 21-pound cakes should crush 2} X 6 X 20 x 21 +~ 6=
180 bushels per day. In various styles of presses, the capacity over a
year’s operation has been found to range from 100 to 184 bushels per
press per day, while the percentage of oil left in the cake was from 5.89
to 7.70. Singularly enough, the highest “cake test” was often shown
by the mill working at the lowest capacity per press.

The number of plates seems to have no effect upon the yield of oil,
and the influence of the time of pressing has not yet been satisfactorily
determined. That there is a time below which the crusher dare not
go is certain. The writer was unable to find any detrimental influence
on yield of oil by reducing the time interval in one case from 84 to 60
minutes. It is probable that 60 minutes (of which 50 are spent in actual
compression) is a rather longer timc interval than is actually necessary;
but some allowance must be made for delays which occasionally occur
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in filling the presses, often resulting in a considerable decrease in the
time during which the cakes are actually under pressure.

In making tests on this point, great care must be exercised to see that
the number of changes per hour corresponds accurately with the actual
time the cakes are under pressure, or, in other words, to see that the
presses are filled in uniform time and that the hydraulic operating valves
are all working alike. Provision should be made also for considering
the effect of any leakage from the hydraulic system into the oil product
from the presses.

The yield of oil is influenced, aside from the requirements of fine
grinding and proper tempering, by the following factors: the average
pressure in pounds per square inch upon the cake; the time during
which this pressure is maintained; the uniformity of density of the
cake as placed in the press: the thickness of the cake, or the weight for
any stated dimensions and fixed operative pressure at the former; and
the continuous high temperature of the meal from the time it leaves the
heater until it leaves the press in the forms of oil and oil cake.

Linseed is pressed once only, although it contains fully as high a per-
centage of oil as some other seeds which are given two or three successive
pressings in order to obtain a fractional quantity of extremely high grade
oil (often edible). The single pressing for linseed is not necessarily an
indication of more perfect methods of operation, although the residual
oil in the press cake is kept low. The single pressing gives low cake
tests at some sacrifice ¢f the quality of the oil. Cold-pressed oil, pro-
duced by leaving upward of 15 per cent of oil in the cake, is admittedly
of superior quality.

The total pressure on the cake is obtained hydraulically, the action of
the hydraulic press being based on the law of hydrostatics that a pres-
sure exerted upon a volume of liquid is transmitted undiminished and
equally in all directions. Thus if we have a cylinder filled with water,
in one end of which is fitted a piston one inch in area, and in the other
end of which a piston having 100 inches of area travels, the application
of one hundred pounds of pressure on the small piston will result in a
pressure of 100 pounds per square inch on the large piston, or 100 X 100
= 10,000 pounds total. The large piston will, however, travel only
135 as far as the small piston, as the displacements must be equal. Con-
versely, the application of 10,000 pounds pressure on the large piston
would result in a pressure of only 100 pounds on the small piston: but
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the latter would travel 100 times as far as the former. An hydraulic-
press system consists therefore of a small cylinder containing a small
plunger moving at high speed, connected with a large cylinder con-
taining a large plunger moving at low speed but exerting an enormous
pressure. In a linseed-oil mill, the small cylinder is the hydraulic pump,
and the large cylinder is a part of the press. The pump is designed to
exert a pressure of about 4000 pounds per square inch. A press ram
16 inches in diameter has an area of over 200 square inches, and the
pressure which it exerts on the cakes is therefore about 200 X 4000 =
800,000 pounds. If this is applied to cakes of reasonable size, say 124
by 33 inches, having an area of 412.5 square inches, the pressure per
square inch on the cakes is 1940 pounds. In order that this pressure
may be steadily maintained over the entire surface of the cake, the
hydraulic pump and accumulator equipment must be ample, the pipe
joints and plunger packings free from leakage, the control valves tight,
and the platen, or heavy block on top of the ram, by means of which
the pressure is transmitted to the cakes, must be sufficiently stiff, in
proportion to the length of the cake, so that there will be no flexure of
the extreme ends of the platen, resulting in a reduction of the pressure
at the ends of the cake. The plates and mats must also be of proper
size with reference to the cake dimensions.

The questions of time of pressing and control of pressure involve
some complication, and their detailed consideration will be deferred
to later chapters. Uniformity of density of the cake is of great impor-
tance to good yield. Absolutely uniform cakes must be molded in the
former, if uniform pressure is to be secured in the press, with conse-
quent freedom from soft spots in the cake carrying an excessive amount
of oil. Sometimes the distribution of the meal by the former is irregu-
lar simply on account of the carelessness of the operator. In one 12-
press mill, the average of 16 cakes from one press gave 11.22 per cent
of oil at a distance six inches from one end and 6.46 per cent six inches
from the other. This tendency to irregularity is often corrected by
running the meal excessively wet and applying the press pressure very
rapidly in order to cause excessive spreading for filling the thin places
in the cake. This is destructive on press cloths.

The effect of the thickness (or weight) of the cake on the yield has not
been accurately determined. Heavier cake means larger output, and
the tendency at present is toward heavier weights, say about 23 pounds,
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yielding an oil cake weighing 15 pounds. At the same time, one of the
largest and most successful crushers is producing oil cake weighing not
much over 10 pounds, with an admittedly good vield of oil, and the
small weight of these cakes appears to commend them to the foreign
buyer. Further discussion will be given this subject in a later chapter.

The temperature of the meal has an important bearing on the yield
of oil. It must not only be thoroughly heated in the kettle, but it must
also be kept hot. The press cloth aids in retaining the heat, but a con-
siderable loss is met with by radiation and by direct conduction due to
contact with metal surfaces in the meal box, the former, and the press.
This loss is most noticeable in starting up the mill on Monday morning,
when everything is cold. A poor yield is then always expected. The
presses are sometimes housed in to prevent currents of cold air from
striking them. Some of the more recent presses have steam-jacketed
side walls, which are thoroughly heated when starting up the mill.
Few mills make a practice of running through Sundays to avoid the
heavy loss of starting up cold; but this loss is so great that it is considered
good practice, in case of a holiday shut-down on Thursday or Friday,
not to run for one or two days, but to postpone starting until the follow-
ing Monday. Labor conditions undoubtedly tend to influence such
action.

The question of retention of heat by the meal while in the press
brings up the mooted subject of mats. Modern forms of plate-presses
are made either with bare plates, with mats on one side the plates or
with mats on both sides. The mat, of hair on a wire base,! is readily
detachable from the plate. It serves to rigidly grip the press cloth and
the contained meal and to transmit the hydraulic pressure equally to
all parts of the meal cake. The mats are larger than the cakes, over-
lapping from 2 to 3 inches all around. The coarse hair of which they
consist is a non-conductor of heat, and the consequence of their use is
a retention of heat in the meal which would otherwise be transmitted
away by direct contact with the bare plates. On the face of it, there-
fore, the use of mats on both sides of the plates should give the highest
yield of oil.

There is some ohjection, however, to the use of mats. They must
be frequently renewed, and these renewals are expensive. A more
serious objection lies in the influence of mats on the output of the press.

! The use of coarsely woven mats of manila rope is occasionally practiced.
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The working length of the latter, or height from platen to head block, is
limited by the ability of a man to lift and place the top cakes. The
number of cakes which the press holds depends upon its working length
and the distance, center to center, of the cakes. As the mats are of
appreciable thickness, their presence increases the necessary distance
for spacing the plates, and consequently decreases the output. By
removing all of the mats, usually two additional cakes can be provided
for in an ordinary press, corresponding to a 10 per cent increase in
output. There is a further advantage due to the discarding of mats and
the increasing of the number of cakes in the press. The top and bottom
cakes always yield proportionately less oil than those intermediate on
account of their being more exposed and their consequent quicker
cooling. With a fixed loss of oil due to the top and bottom cakes, the
proportionate loss is of course less as the number of cakes is increased.

When mats are discarded, the plates are corrugated to form an im-
print on the cake similar to that produced by the woven mat, and
thus to prevent the sliding of the press cloth. The strain on the plates
is much more severe than when they are protected with mats, and they
are frequently made of cast steel. The consumption of press cloth is
somewhat increased when bare plates are used.

No conclusive experimental evidence has been obtained as to the
influence of the presence or ahsence of mats on the actual yield of oil.
Three days of careful observation at one mill gave average percentages
of oil in cake as follows, the other conditions being kept uniform:
with two mats on each plate, 6.17; with one mat, 5.87; with bare plates,
5.80. During the same period a similar test was made at another
mill under the same management, giving exactly opposite results, i.e.,
the cake test was highest when no mats were used. The first mill com-
monly ran with bare plates; the second with mats; so that the result
at each mill justified its own practice. The first mill regularly ran at a
lower test of cake and higher yield of oil than the second when sup-
plied with the same seed.

One of the largest crushers ran a test on this subject for six weeks,
and found, after eliminating all possible conditions of variation, that
the presence or absence of mats made no appreciable difference in the
yield of oil. Many mills run with one mat, on one side of the plate only.
A few have abandoned mats entirely. It is noticeable, however, that
each mill reports results which substantiate its own practice. This is
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no doubt due to the fact that the tempering which is suitable for opera-
tion with mats is not at all suitable for bare plates, and wvice versa.
The bare plates certainly radiate heat more rapidly. A higher initial
temperature of the meal would seem to be necessary. This higher
temperature is limited, however, to that at which the meal will be in-
jured by the heat. The operation of tempering is more flexible, there-
fore, when mats are used. The increased destructiveness of the hare
pkates upon press cloth may be offset by the elimination of mat renewals.
While the use of mats may still be regarded as standard practice, th.
climination of the mat on one side of the press plate appears to offer
an opportunity for increased output without departing unduly from
conservatism.

The pressing of whole seed is rarely practiced in this country. The
pressing of uncooked meal, making cold-pressed oil, is only occasional.
The business in cold-pressed oil is so small, and the interference with
his ordinary operation so great, that the average manufacturer prefers
not to bother with it.  Various new methods of manufacture lend them-
selves more readily to the economical production of cold-pressed oil,
which can always be secured somewhere in the country by those who
want it. The oil differs widely in its characteristics and applications
from ordinary linseed oil.

The number of cakes which a press will contain depends upon the
distance from platen to head block and the spacing of the plates. As
has been indicated. the distance in question is determined by the limit
of a man’s capacity for introducing the cakes. The older presses set
this limit rather low. In one old mill, the equipment consisted cf
presses none of which contained more than 17 plates. The maximum
distance from head block to platen was 70 inches. The plates had
mats on one side in all cases, and on both sides in a few of the presses.

The uniform distance-interval between the plates is maintained by
means of links, which hang from pins on the side of one plate and grip
pins on the side of the next lower plate. The distance center to center
of link-pins, in the mill just mentioned, ranged from 3} inches to 4%
inches, the greater distance being necessary when hair mats were used on
both sides the plate, the lesser when mats were used on only one side.
With no mats, the spacing of the plates could be still further reduced,
thus increasing the number of plates in a press of given height.

The links should be readily removable, and should permit of absolute
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freedom of movement of the plates, so as not to interfere with their
upward travel when the pressure is applied. In many mills, it has been
found that the old link spacing gave a distance unnecessarily great
between the plates, and that by making new links, with a shorter
distance center to center, the number of plates in the press could be
increased. If this is carried too far, however, the cakes will “crowd ™
in entering the press, causing much annoyance and sometimes sacrificing
output or yield, particularly just after the mats have been renewed.

An important ‘feature in press construction is the proper arrange-
ment of “lifts.” These consist of forked lifting rods suspended from
ahove the press, the forked fingers of the rods cngaging the five or six
uppermost press plates. By means of a small cylinder and plunger
placed above the press, these lifts are held up so as to keep the upper
plates in their compressed position when the hydraulic pressure is re-
moved from the press. This leaves a good wide gap between the lower
plates of the press, and facilitates the removal and insertion of cakes.
When the lower plates have thus been refilled, the opening of a valve
in a pipe leading from the small ¢ylinder above the press permits of the
descent of the small plun-
ger, lift, and upper plates, TAnK
which are then refilled. The
pipe from the cylinder leads
to a supply tank. When y
pressure is applied to the wanlpoe
press again, the upper plates
rise, carrying the lift and
plunger with them and per- it
mitting the lift cylinder to Wi & UPrER PRESe PLATED
fill with liquid. The control Fic. 19. — ArkaNGEMENT OF PrEss Lirts.
valve is then closed. Fig. 19 illustrates diagrammatically the usual
arrangement of a press-lift system.

Another method of expediting the press operation is to provide formore
rapid descent of the plates when the pressure is removed. Ordinarily,
the weight of the ram, platen, plates, and cakes results in a gradual
descent as soon as the pressure is relieved, in spite of the friction of
the ram and of the hydraulic discharge connections. When no lifts
are used, the top cake is first freed, there being maximum weight sus-
pended from its connecting links, and the cakes are gradually loosened

—
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from the top downward, the pressman separating the wrapped cakes
from the hair mat with an edged wooden stick and carrying them to the
stripping table. Where lifts are used, loosening begins with the first
plate below the lifts. Sometimes the loosening operation is so slow
as to cause the pressman to wait, thus giving rise to excuses for delays.
To expedite this movement, the hollow ram may be filled with scrap iron,
the discharge openings from the cylinder may be enlarged, a special
discharge valve used, or a separate hydraulic cylinder and plunger may
be used to force the plates downward. With the operative equip-
ment in good mechanical condition, there should be no delay in the
descent of the plates.

The press consists, mechanically, of a lower block or platen on top
of a ram or cylinder (whichever be the movable part), a stationary
head block, bolted through to the cylinder or ram (stationary part).
a base plate, and the press plates themselves. In the Buckeye Iron
and Brass Works’ linseed press the lower block is in one picce with
the cylinder, and the holts or columns attaching the head block to the
base are square, forming guides for the plates, and made of hammered
iron. The columns have solid round wrought-iron nuts at top and
bottom, having holes for the insertion of spanner wrenches. These
nuts are locked by malleable iron bands or dogs, secured to them by set
screws and having tail lugs engaging the head-block castings. The
cylinders are of cast iron, tested to a pressure of 5000 pounds per square
inch, and of a composition and of proportions suitable to meet this test.
The base plate is cast separately, with upward projections or lugs on
which the cylinder is set without fastening. It has a flange or rim
around the edges, to catch any accidental drippings of oil. Drainage
from the plates is provided for by oil channcls made in the four sides,
surrounding the cakes and pitching toward the rear, where they con-
nect with short down spouts. A pipe runs from the bottom plate
directly to the oil trough. Each fourth plate has a galvanized iron
drain pan to catch the oil from its own surface and also that dripping
from the three plates above.

The press plates are of either brass or steel, consisting either of plain
plates or boxes with enclosed sides which nearly meet when the press
is “up” or under pressure. The box plate® is, however, now rarely

! This is the press almost invariably used for cotton seed. For pressing small seeds,

especially when several expressions are made, a superior quality of oil is obtained from the
first pressing by using the *cage"” type of press shown in Fig. 61a.



PRESSING AND TRIMMING THE CAKES. 61

used in linseed presses. The plates may be perforated or corrugated for
use without mats, or may have mats on one or both sides. The inde-
pendent drainage system described makes for cleanliness, and avoids
the necessity for the old-fashioned practice of setting the press so that
it tips backward. Hair mats, when used, are secured in place by
horseshoe nails driven through holes in the boxes. The box faces
have spurs on top and bottom for holding and preserving the mats.

Fig. 22. — Press Boxks. Fic. 23. — Press PraTes AND MAT.

The details of the press boxes are shown in Fig. 22. These are of
either brass or cast steel. All have independent drainage. The brass
box is a one-piece casting, but costs more than the steel box. When
mats are not used, the closed brass or steel box, with steel grate and per-
forated brass plate, is recommended by the builders. The boxes are
also built for hair mats, the construction being shown in Fig. 28.

The plate type of linseed press, now most commonly used, is shown in
Figs. 24 and 25. This style is built to contain 20 cakes 13 X 32 inches
in size, weighing (pressed) 12 pounds each, or the same number of 16 x 34
inch cakes weighing 16 pounds each. The plates are of steel, § inch
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thick, excepting those at the top and bottom, which are 1 inch thick.
Notches are milled in both side edges of the plates, to fit the square
press columns, thus insuring alignment. The suspension of the plates
is divided into three entirely scparate groups, the top plate of the upper
group being secured directly to the head block by cap screws, while the
upper plates of the other two groups are fitted with lugs which rest upon
the square heads of screws entering the columns at the proper positions.
By this subdivision of the suspension there is avoided the possibility
of straining the links sufficiently to cause crowding of even the lowest
cake. Suspension f the various plates in each group is by means of
plain open links of malleable iron, hung on T-head bolts screwed into
the plate edges. This arrangement provides for quick removal of links
or plates by simply giving quarter turns to the bolts.

Each set of 20 plates has five drain pans of heavy galvanized iron,
conveying the drainage to a vertical oil-pipe, also of galvanized iron,
discharging into the settling trough below the floor. The vertical pipe
is so supported from akove that it may be readily removed from the
press. A catch-pan is provided on the platen, draining directly into
the settling trough. A backward inclination of two inches is given these
presses. The press occupies a floor space 3 feet 2 inches wide and
3 feet 6 inches deep, is 8 feet 1 inch high above the floor line, or 13 feet
4 inches high above the foundations, weighs 20,800 pounds, and is
spaced 3 feet 8} inches on centers.

As most commonly used, the plates have plain faces, provided with
hair mats on each side.'! When one mat is dispensed with, the upper
faces of the plates are grooved, and the
mats placed on the lower faces only. The
double-mat plate is illustrated in the lower
left-hand corner of Fig. 23, and the single-
mat plate, with grooved face, at the upper Fi6. 22a. — Caxe Branp.
right-hand corner. Drainage channels are cut into the upper plate
faces, across the front and along the sides. In these channels the
expressed oil is caught and carried to the rear by reason of the backward
inclination of the press.

Press action tends constantly to squeeze the mats outward at all edges.
To overcome the effect of this tendency and to avoid in large measure

! The plates are sometimes made as dies so as to leave a brand on the cake. An

example of a branded cake is shown in Fig. 22a. Brands are rarely used in this
country.
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the consequent injury to the mats themselves, mat preservers are of
advantage. These are inserted beneath the mats and secured with
them to the plates. The preserver is illustrated at the lower right-hand
corner of Fig. 28. This is of heavy sheet steel, with a system of spurs
raised by partial punching. All of these spurs are pointed inward from
the four corners of the sheet, so as naturally to oppose spreading of the
mat, into which they imbed themselves. Large holes, matching the
smaller ones through the plate itself, allow free passage of the regular
mat fastenings.

In central position on Fig. 23 is shown a hair mat. These mats are
of the best possible grade, of long hair, closely and firmly braided.
Boxes, plates, preservers, and mats for linseed presses are made in
sizes 12 X 28 inches, 13 X 32 inches, 13} X 34 inches, and 14 X 34
inches.

The press cloth, in which the cakes are enclosed while in the press,
constitutes one of the largest items of expense in a linseed-oil mill,
sometimes amounting to as much as one-sixth of the entire labor cost,
or one-half of the cost of steam. The cost is largely affected by the
treatment which the cloth receives. Meal containing too high a per-
centage of moisture, worn-out mats, or too quick an application of the
pressure, are all destructive. As the cloth wears at the bend over the
ends of the cake, it should be pieced with sections of new or worn cloth,
a small power-driven sewing machine being usually employed, and
camel’s-hair twine being used as thread. The limit of life of a press
cloth until mending becomes necessary is seldom over six weeks; the
cloth amounting to about 2 yards, or 4 to 5 pounds, per cake, worth say
$3.00, its cost has then been applied to say 24 X 6 X 6 = 864 cakes,
or a maximum of 432 bushels of seed. The cost of the cloth is then
$3.00 + 432 = 8.0069 per bushel. This is somewhat reduced by
piecing the worn cloths, as above described, but does not average
much less than } cent per bushel.

Press cloth is usually woven from camel’s hair, in rolls of widths
suitable for the cake, which are cut off to proper length in the mill.
Camel’s hair does not make as strong a cloth as can be produced from
sheep’s wool, and the camel's-hair cloth is not fitted to withstand a
direct tensile strain such as is imposed when for any reason the cloth
slips in the press. The peculiar properties of camel’s hair make the
latter, however, highly desirable as a material for press cloths. It is
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very elastic, retains its form and strength under great pressure, and
above all, withstands to a remarkable degree the influence of heat,
being one of the very few fibers which retain their strength at high tem-
peratures. Manufacturers would be glad to discover a quality of wool
that would supplant camel’s hair. The camels are yearly decreasing
in number, as railroads are becoming more numerous in the far East
and gradually supplanting the old caravans. Meanwhile the demand
for press cloth is steadily increasing. A heavy import duty is paid on
any press-cloth material imported; this, however, is subject to a draw-
back based on the exportation of the cake produced.

The press cloth, besides enclosing the meal cake and facilitating its
ready introduction to the press, serves as a filtering material through
which the oil passes on its journey from the meal. A fairly close-woven
cloth is therefore desirable. There are various styles of weave used in
various mills, the difference being due to individual preferences and
slight differences in the grade of seed, the mats, the tempering, etc.
Various weights of cloth are also obtainable in the standard widths and
weaves. The camel’s-hair cloth is less generally used in Europe than
in this country.

Excessive spreading of cake in the press, due to improper forming,
often the result of a lack of sufficient capacity in the former meal box,
results in rapid destruction of the press cloth by subjecting it to tensile
strain. The spreading of the cake also forms enlarged ends, beyond
the ends of the mat, increasing the strain on the cloth and the amount
of unpressed meal to be trimmed from the cake. When the cloth is
cut so short that the ends do not meet, a high percentage of oil will be
found in that portion of the cake not completely enclosed by the cloth.

The cakes taken from the presses must have the press cloths removed.
Usual practice is to pile the cakes with their closely adhering cloths on
a table which is mounted on rollers. This table is rolled up close to
the press until the latter is emptied, then rolled away to a cooler and
more convenient place, where the cloths are stripped off and passed
back to the former. This is hard work, and mechanical strippers have
lately been introduced in some mills. One type of stripper consists
of two roughened rolls, the upper of which is stationary and mounted
between the stripping table and cake truck or trimmer, while the other
moves up and down as actuated by a foot lever. The workman tears
or strips one end of the cloth from the cake, and passes this end under
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the stationary roll, meanwhile pressing the lower roll up against it with
his foot. The two rolls, which revolve by power, tear the cloth from the
cake, depositing it on the floor and passing the cake itself over and on
to the cake truck or to the trimmer.

Standard press-room practice formerly involved the use of three men
on each press gang—one molding the cakes, one filling and emptying the
presses, and the third stripping, trimming the soft edges from the cakes,
and carrying them to the cake truck. This was found to give the first
man a little the easiest job, hence he was called upon to “spell” the third
man. The three must work together, excepting that the cakes need not
be stripped and trimmed quite on schedule time. In case of the work
being slightly delayed, this part of it may consequently be neglected
for a few moments, the third man assisting in the molding, where double
formers are used, or in filling or emptying the presses, and thus working
the gang up to the signal bell schedule again. Usually the press gang
has nothing to do with the tempering of the meal, this being attended
to for the entire mill by some one responsible man. With the advent
of mechanical trimmers, some rearrangement of the press gangs has been
made. A few mills still work three men, on the old system; some work
three men, but have increased the number of pressings per hour; others
have reduced the gang to two men, or two and one-half, letting one
stripper do the work for two press gangs: and with automatic trimmers,
mechanical strippers, and other improved appliances, and with better
press-room conditions, the tendency is now toward the reduction of the
gang to two men, excepting when more than six pressings are made
per hour.

The cakes as discharged from the press have soft rough edges, con-
taining a relatively high percentage of oil. In order that this oil may
be reclaimed, and that the cakes themselves may be fairly uniform in
size, permitting of better packing, the soft edges must be pared or
trimmed off. The original form of cake trimmer was a stationary
knife, imbedded in a shallow trough at one side of the stripping table.
The cakes were passed by hand lengthwise of the trough, one edge
after another being thus pressed against the knife edge until all four
were trimmed. This was laborious and failed to trim the cakes to
uniform size. There was little, if any, variation in depth of trimming
to suit the softness of the cake. Another form of trimmer was power-
actuated, a guillotine blade falling upon the end of the cake when
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presented by the operator. Usually the cake was stopped by a rest
behind the blade, which thus regulated the extent of trimming. Aside
from the saving in labor, which benefited the employee rather than the
manufacturer, this machine had no advantages over hand trimming.

The rotary trimmer was practically the same as the original hand
trimmer, excepting that the stationary knife blade was replaced by a
rotating cutter, formed of four blades firmly secured to a square shaft.
This machine is rapid and uses but little power. To some extent, it
follows the line of hardness adjacent to the soft edges of the cake, and
thus cuts to a depth which is regulated by the percentage of oil. Its
capacity is large, and its introduction usually resulted in some net
saving in labor, as one man could trim the cakes from two or more sets
of presses. The oscillating knife trimmer, used to a slight extent for a
few years, was a dangerous, awkward machine with no practical advan-
tages over hand trimming.

The automatic trimmer, the rapid development of which is mainly
attributable to A. W. French, although progress along similar lines was
subsequently made by Dion and Belanger of Chicago, conforms to the
theoretical requirements of ideal trimming. The cakes are automati-
cally conveyed to and from the trimmer; the cutters are mounted on
pivots and backed by springs, so that they are free to sway slightly back
and forth, following the line of junction of the harder and softer portions
of the cake. By altering the tension of the springs, the trimming can
be adjusted to any desired limiting percentage of oil in the cake. While
the amount of power consumed is small, one machine has a capacity
easily parallel to that of a 36-press mill, and can be operated by one
man, who, actually, does not operate the ‘machine so much as some of
the auxiliary equipment which is required no matter what type of
machine is used. Large savings in labor are consequently possible
when this form of trimmer is employed.

No mill could afford to operate without trimming its cakes. Granting
the necessity of trimming, it is logical to trim as closely as possible; i.e., to
pare the edges to such a point that the edge of the cake will contain no
higher percentage of oil than the center. The only modification of this
conclusion that is permissible is that which is due to the additional cost
of trimming and of disposing of the trimmings. As this cost is prac-
tically that of press-room operation, say not over 2 cents per bushel,
while the total cost of operation to produce bulk oil in a linseed-oil busi-
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ness runs up to 10 cents or more per bushel, the cost of working over
trimmings is about one-fifth that of working seed, and trimmings are
consequently profitable material to work when containing one-fifth as
much oil as the seed, or say from 7 to & per cent. The French Oil
Mill Machinery Company quotes tests made of a large number of
cakes from different mills, showing that the percentage of oil in the
trimmings as cakes were ordinarily pared was seldom less than 20 per
cent. The average of ten tests showed that .41 pound of meal was
trimmed from each cake, this meal testing 224 per cent of oil. Assum-
ing these conditions to be correct for average operation, and that the
trimmed cakes, weighing 14 pounds each, contain 6 per cent of oil,
then there are contained in the trimmings from each cake, .41 X .225
=.092 pounds of oil, or from each pressing on a 20-cake press,
.092 X 20 = 1.84 pounds of oil, or from one day’s operation of such a
press at the rate of one pressing per hour, 1.84 X 24 = 44.1 pounds or
5.9 gallons of oil. With oil at 45 cents per gallon, this quantity of
oil reclaimed is worth $2.65. This is the saving due to proper
trimming, on a single press. The output of such a press being
20 X 14 X 24 = 6710 pounds of cake, or say 3355 pounds of oil, or
447 gallons per day, the saving by working up the trimmings is 1.32 per
cent. This is of course the gross saving and does not consider the cost
of working over the trimmings, nor the value of the trimmings as
cake. To make the analysis general, let

W = weight of cake, in pounds,

T = weight of trimmings from each cake, in pounds,

P = percentage of oil in trimmings,

C = price of cake per 2000 pounds, in cents,

O = price of oil per gallon of 7} pounds, in cents,

K = cost of working over trimmings, in cents per bushel.

Then the oil in the trimmings from each cake = TP + 100, worth

TP + 750 X O. The cost of reclaiming this oil = TK + 56, while

the value of the oil as cake would be TP + 100 + 2000 X C. The

profit per cake by working over the trimmings is then, in cents,

T (ﬂ)- _K_ i), or the profit in cents per bushel of trimmings
750 56 200,000

crushed is 56 (% — f{_s _ %) — 0748 PO — K — .00028 PC.
9 )
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For O = 45, K = 4, C = 2000, this becomes 3.36 P — 4 — .56 P =
2.80 P — 4. For the average conditions found by the French Com-
pany, the net profit, therefore, resulting from trimming, is (2.80 X 22.5)
— 4 = 59 cents per bushel of trimmings. If the soft edges amount
to more than .41 pound per cake, or contain more than 22} per cent
of oil, as is frequently the case, the saving due to taking care of the
trimmings is even greater than this.

Cake containing a high percentage of oil is of course more in demand
than cake containing only 6 per cent, and commands a premium in
the foreign market: but a loss of 1 cent per bushel in crushing seed
would require a premium on the cake of more than 50 cents per ton, in
order that it be offset.

Fig. 26 illustrates the latest form of French trimmer. This has a
nominal capacity of 20 cakes per minute, or say 60 pressings per hour,

Fra. 26. — FrencH AurtoMaTic CAKE TRIMMER.

practically that of a 60-press mill. The floor space required is 4 feet
8 inches by 4 feet 4 inches, over all. The shipping weight is 1300
pounds. The power required has been shown by actual test not to
exceed 24 horsepower when running empty and 44 horsepower when
the four sides of cakes were being trimmed. This of course does not
include power required to drive any external conveyors. The machine
is self-contained and requires no special foundation. The cakes are
piled by the stripper on the machine, which automatically draws one
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cake at a time from the bottom of the pile, centering it as it travels to
the revolving cutters on either side. These cutters are movable and are
held from opening too far from the cakes by adjustable spring tensions
which compel them to follow the outlines of the cake edges, removing
the softer portions and leaving the hard undisturbed. The cakes are
then automatically piled on a table which forms a part of the machine
and which is lowered an amount equal to the thickness of the cake ecach
time a cake is delivered to it; or the table may feed directly into the cake
packer; or in some cases, when the packing is not done immediately
after trimming, the trimmer delivers to a link belt conveyor, which
carries the cake to the cake house. The table accommodates from 40
to 60 cakes at a time.

The trimmings are very fine. All belts are encased to protect them
from being affected by oil meal. The cutter knives should be ground
frequently to ensure economy of power. The machine will trim a cake
broken in two, but not small broken pieces. In some mills the meal
is so tempered, and the application of pressure so regulated, that hard
ends are formed on the cake, and trimming is not highly profitable
from the standpoint of oil recovery; but a high price is paid for this
practice in increased consumption of press cloth.

With most trimmers, the parings from the cake are full of small lumps.
If these were returned directly to the heaters, they would interfere with
the operation of tempering and prevent the formation of a uniform cake.®
A small grinding mil is usually mounted under the trimmer. The
trimmings fall to this mill by gravity, and a grated manhole is usually
located in the floor,so that spilled meal may be swept into a chute which
will deliver it to this same mill. From the mill the uniformly ground
meal is carried by screw conveyors and belt or chain elevators to the
heaters, from which it passes once more through the usual process of
expression. This return of meal of course detracts from the theoretical
capacity of the presses, usually from 3 to 4 per cent.



CHAPTER VI

HYDRAULIC OPERATIVE EQUIPMENT.

Units involved. —High and low pressure. —Control of pressure application.—Regulation
of pumps.—Pump connections.—The four-crank hydraulic pump.—Its operation.—
Details of construction.—Hydraulic-pump capacity.—The accumulator:e—Aecumu-
lator details and connections.—Compressed-air accumulators.—Relations between
amount of pressure and ram and plunger diameters. —Dead-weight accumulators. —
Sizes.—The automatic change cock.—Early forms of automatic control. —The French
valve.—Graphical record of pressure control. —Buckeye automatic change cock.—
Auxiliary hydraulic equipment.

IN discussing the manipulation of the formers and presses and the
cake packers, little reference has been made to the important matter of
hydraulic operation. As now practically perfected, the hydraulic sys-
tem involves onc or more pumps, at least two accumulators with auto-
matic controlling valves and devices, and an automatic change cock
fitted to each press. The working fluid used for the transmission of
the pressure is linseed oil, both on account of its low freezing point and
because of its slight effect on pipes and valves, but principally because
of the fact that any leakage through press-ram packings thus results in
no detriment to the oil product from the presses. A supply tank is
provided in connection with the pump, from which the pump draws its
working fluid, and the returns from presses, formers, and cake packers
are piped to this tank. The pump may be either direct steam-driven,
having its own steam cylinder, or belt-driven from the line shaft. The
belt-driven pump is more economical of power, excepting when exhaust
steam is needed for heating feed water, for warming buildings, for
jacketing the heaters, or for boiling and refining oil. Pumps may be
either single-pressure or double-pressure. The former style of pump
is more generally used, the latter being employed usually in very small
mills where a single pump only is used. This style of pump has two
hydraulic cylinders, one delivering at high pressure, the other at low
pressure, and each cylinder discharging into its own accumulator.

The low-pressure accumulator supplies the oil used in starting the
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working stroke of the press, and also that employed for operating the
former and the cake packer. The high-pressure accumulator is used
only for completing the operation of the press. The pressures used are
respectively about 600 and 3800 pounds per square inch. The suc-
cessive automatic application of the two pressures to the press is now
almost universally controlled and regulated by the automatic change
cock equipment. Included in this equipment are the chokers, placed
in the discharge pipes from the accumulators and serving to regulate
the flow of oil to the change cock. The latter controls the admission
and escape of the working fluid to and from the press cylinder. By
manipulation of the valve handles, the ram may be either sent up or
let down, at will. On the up-stroke, the change cock shuts off the flow
of low-pressure fluid and admits the high-pressure fluid at some pre-
determined point of the stroke, the shifting of pressures being entirely
automatic.

In early types of hydraulic equipment with only a single pressure,
the necessity for control of the application of the pressure was met by
providing for a reduction of the flow of fluid when the oil began to flow
from the meal. This resulted in a decrease in the speed of the press at
a fixed point of its upward movement, but ignored the principle of
hydraulic operation that the lowest practicable pressure is always most
economical. The cost of hydraulic compression varies directly as the
intensity of pressure, while the speed of hydraulic operation varies
inversely as the intensity of pressure. During the earlier portion of
the press stroke comparatively little pressure is required to produce a
considerable compression, flattening out the cakes,squaring up the plates,
and finally causing the oil to start flowing. After this the resistance to
compression is too great for the low-pressure fluid to overcome, and
the high pressure is consequently applied. The application of the
lower pressure during the earlier part 6f the stroke results, however,
in a decreased power consumption, a quicker movement, due to the
greater volume of low-pressure displacement with a given power con-
sumption, and a reduced first cost of equipment. If the comparatively
rapid movement due to the low pressure were carried too far, it would
result in excessive strain on and increased breakage of the press cloth,
as well as spreading of the cakes and squeezing of the meal beyond the
edges of the mats. In ordinary practice the low pressure is discontin-
ued at about the time the oil begins to flow freely; but this rule is em-
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pirical only, and best practice would be based upon observation of the
behavior of the cakes and press cloths. The early rapid movement of
the press is of additional importance as reducing the time for prelimi-
nary compression and increasing the time for the application of full
pressure, thus tending toward a maximum yield of oil and & minimum
cost of operation.

Belt-driven hydraulic pumps usually operate continuously during the
working time of the mill, regulation being secured by by-passing the fluid
back to the supply tank when the supply of fluid is in excess of the
requirements. With steam-driven pumps, regulation is by means of a
chronometer throttling valve on the steam pipe. The superior economy
of the power pump has led to its more general use in oil-mill operation.
The supply tank for the pumps should be located so that its bottom is
at least two feet above the level of the plungers. The suction pipe
should be as short and straight as possible, and must be absolutely tight,
else the leakage of air will impair the pump’s capacity and result in the
presence of foam in the compressed fluid and the rapid destruction
of packing leathers. All oil entering the tank should be strained; not
only new oil supplied but return oil from the presses, etc. The strain-
ing is usually done by nailing wire cloth of about No.20 mesh to a wooden
frame which is laid loosely on top cf the tanks, under the oil pipes.
This framed screen is thus
readily removable for clean- [
ing by a steam jet when it be-
comes gummed or clogged.
Strainer, tank, and pipes
should be thoroughly en-
closed by wooden boxing
to prevent the dropping
of foreign matter into the
working fluid. L

Fig. 27 illustrates the Fis. 27. — Buckeve Four-Crank HybrauLic
Buckeye four-crank hy- Puwme.
draulic pump, a type ordi-
narily used in oil mills. The regulation of the pressure is as follows:
when there is no demand for fluid, the plungers work idly, simply cir-
culating the oil through and back into the supply tank, the only power
consumed being that due to the friction of the pump mechanism. This
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by-passing of the fluid is accomplished by means of automatic move-
ment of a valve from a system of adjustable rods and levers at the
accumulator. When working fluid is again in demand, the descent of
the accumulator automatically closes the by-pass valve and the pump
again delivers fluid at full working pressure. Where the pump is used
on the old direct-pressure system, without accumulators, the plungers
work idly when the press is let down, the low-pressure plunger sending
its oil directly back to the supply tank, and the high-pressure plunger
pumping its oil to the change cock at the press, thence through the open
by-pass and back to the tank. When the press is to be sent up, the
attendant, by closing the change cock by-pass and pulling a cord to
release a trip holding open the low-pressure direct outlet at the pump,
sets both plungers into action in delivering oil to the press. When the
press resistance increases to such a point as to overcome the low pressure,
the latter is automatically thrown out of action by opening the outlet,
back to the supply tank: a check valve between the plungers closes at
once, and the high-pressure plunger continues the operation alone
finishing the working stroke of the press. When the low pressure is
cut out, its outlet valve is tripped open, so that when the change cock
by-pass is opened to let the press down, the cycle is complete. ready
for the starting of another press stroke.

The crank shaft of this pump is cut from a solid wrought-iron forging.
Cranks are placed 90 degrees apart. Driving pulleys are without hubs,
but have dished centers, bolted male and female to flanges on the end
of the crank shaft. Belts are brought to both pulleys, for twin driving,
from a power source located in any convenient relative position.

Connecting rods are of steel, and are long in proportion to the stroke.
The crank-pin connection is made by a phosphor-bronze yoke, adjust-
able and self-oiling. The crosshead end connection is designed so that
a single set screw, with lock nut, provides for adjustment and also for
easy disconnection. By backing off the screw, the crosshead connec-
tion is broken and the rod may be swung up to allow free withdrawal
of the crosshead and plunger. Since all delivery strokes are thrust
strokes, the connecting-rod end simply bears directly against the phos-
phor-bronze crosshead, and the set-screw connection does no work other
than to draw the plunger out on its suction stroke.

Plungers are of steel, screwed into the crossheads. Valves and valve
seats are of crucible stecl: valve plugs and stuffing-box parts are of steel,
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the latter notched for spanner-wrench adjustment. Low-pressure cham-
bers or “check blocks” are of phosphor-bronze, while the high-pressure
blocks between them are machined from solid steel forgings.

When used in connection with the two-pressure accumulator system,
as is ordinarily the case, twin suction pipes are led to the outer or low-
pressure chambers, whence the low-pressure accumulator is supplied.
The high-pressure chambers draw upon the low-pressure system for
their supply of oil for delivery to the high-pressure accumulator. When
the pump is working idly, all plungers simply circulate their oil from
the supply tank to the controlling mechanism at the accumulators and
thence back to the tank. The pump is mounted on a base plate, the
edges of which are flanged to form a drip pan to catch whatever leakage
may occur. The plungers are packed with cup leather or crimp pack-
ings. The dies for forming these cup leathers are made in two pieces,
male and female, with suitable bolts for drawing them together. Only
flawless castings machined accurately in the lathe should be used.
Much of the success of hydraulic operation depends upon the tightness
and endurance of the packings. A full set of tools for regrinding
pump valves, and a few spare valves, should be kept on hand. The
type of pump illustrated in Fig. 27 is made in two sizes. The smaller
occupies a floor space of 6 feet 2} inches by 4 feet, stands 4 feet 2
inches above the floor, runs at 40 to 50 r.p.m., and weighs 3140 pounds.
The larger, which weighs 4220 pounds, runs at 30 to 40 r.p.m., stands
4 feet 5 inches above the floor, and occupies a space of 6 feet 3 inches
by 4 feet 11 inches.

It is customary to allow one hydraulic pump for from three to six
presses; say from one to two pumps per set of six presses. The neces-
sary capacities of pumps may be reduced, in large mills, by avoiding
the working of all of the sets of presses to the same schedule, a five-
minute interval being desirable for this purpose. The complication
of operation in other respects leads, however, to a general disre-
gard of this minor economy. A pump of the type illustrated in Fig. 27
costs approximately $1000.

The accumulator, as an element in the hydraulic system, has several
objects. It stores the hydraulic fluid, which is, of course, intermittently
used. It thus produces a steadier load on the pumps than would other-
wise be possible. It steadies the pressure, reducing shocks and sudden
impulses which would damage the machinery and the pipe lines. It
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acts as a regulating valve, making the pressure absolutely uniform while
any pressure exists. '

The accumulator consists essentially of a vertical sheet-iron cylinder,
filled with hammer scale or other cheap, heavy material, superimposed
upon a ram, to which it is firmly attached. A stout framework guides
the apparatus in its upward and downward movement. The ram

Frc. 27b. — SsitH-VAILE AvutoMaTIic CHANGE VALVE.

travels vertically in an hydraulic cylinder, firmly supported on solid
foundations. As working fluid is admitted to this cylinder, the ram
and weighted superstructure rise to the height permitted, thus storing
the fluid in quantities corresponding with the ram displacement. Some-
times, instead of by a hollow cylinder filled with scrap material, the
necessary weight is provided by heavy disk-shaped castings which fit
over the ram. The pipe connections to the accumulator cylinder are
always open when the mill is in operation, but valves should be pro-
vided on these connections to permit of their being cut out for repairs,
whenever more than one accumulator is used on a single-pressure sys-
tem. An automatic by-pass valve is provided, which cuts off the accu-
mulator from the system of supply piping whenever the former reaches
its highest permissible position, and shunts the oil from the pump
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back to the supply tank. When the accumulator falls, by reason of the
drawing off of fluid to the presses, to a predetermined lower point, the
supply line from the pump is again opened and the by-pass to the sup-
ply tank automatically cut off. Besides this by-pass and relief valve,
an ordinary safety valve is provided. This is set at a pressure slightly
higher than that fixed upon the system by the weight of the accumulator.
In case of a failure of the by-pass valve to operate, the safety valve then
prevents breakdown due to the uncontrolled pressure which might be
imposed by the pumps upon the weighted cylinder and the housing
which supports it.

Compressed-air accumulators, now seldom seen, utilize the compres-
sion of air in a closed cylinder to give storage of hydraulic energy, in-
stead of the dead weight ¢f o mass of metal. The air is compressed by

Fi. 27c. — DurLex HyprauvLic Porume.

causing the working fluid to flow into this eylinder, which is immovable.
The principle of operation is precisely the same as that of the “dead-
weight” accumulator.

The size of ram and the weight of the accumulator determine the
constant pressure upon the hydraulic system. Thus, for 4000 pounds
pressure per square inch, a 20-ton accumulator would have a ram area
of 2000 X 20 -+ 4000 = 10 square inches, or a diameter of 3.57 inches.
If the ram diameter, for an accumulator of this weight, were 10 inches,
its area would be 78.5 square inches, and the pressure per square inch
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which it would produce would be 2000 X 20 < 78.5 = 510 pounds.
Where pumps are steam-driven, the ratios of steam and hydraulic cylin-
ders must always be so adjusted to the respective pressures that the
steam end will be capable of exerting some excess in total pressure over
that against which it operates. For example, if the hydraulic pressure
is 4000 pounds per square inch, the stcam pressure 100 pounds, and the
hydraulic cylinder has a diameter of 1} inches, giving an area of 1.77

square inches, the area of the steam cylinder must be at least 40:;) X
1.77 = 70.8 square inches, or its diameter must exceed 9} inches, else
it will absolutely fail to operate. In practice, the diameter would have
to be greater than this to cover losses due to slip and leakage and an
occasional reduction of steam pressure.

Fig. 29 represents a pair of high and low pressure accumulators of
the “dead-weight” type, complete with base plates and housings, and
with the regulating and
operative equipment shown
in detail. When a steam
hydraulic pump is used,
with a chronometer or bal-
anced valve, as already de-
scribed, this valve does not
throttle or choke the supply
of steam to the pump, but
by reason of being balanced,
completely opens or closes
immediately when the accu-
mulator has reached the
desired point on either up
or down stroke.

When the accumulators
are in use and working
properly, the weight tanks
are constantly in flotation;
in fact, whenever a weight
tank settles upon its bumper blocks, such action should be taken as
positive indication of a leak somewhere, and this leak should be located
and stopped at once. By piping the outlets from all relief valves sepa-

Fic. 29. — HYDRAULIC ACCUMULATORS.
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rately to the pump tank, leakages may the more readily be detected
and located. In this feature of leakage indication lies one valuable
point of advantage for the accumulator system.

By adoption of the “inverted construction,” with plungers stationary,
the weight of the heavy cylinders themselves becomes useful as ballast.
The remainder of the necessary weight is made up by loading the ballast
tanks with a cheap and compact filling. The low-pressure and high-
pressure accumulators are absolutely independent of each other in
operation. Each has its own controlling mechanism, and is complete
in itself.

In the Buckeye system, the rams or plungers are hollow, and through
them the working fluid reaches the accumulators. The low-pressure
cylinder illustrated is of cast iron; the high-pressure is of steel tubing
encased in a jacket of cast iron. They are tested respectively to
pressures of 600 and 5000 pounds per square inch. Three regular
sizes are built, 6-ton, 12-ton, and 20-ton. The 20-ton set is com-
monly used, the 12-ton being employed for small mills. Few mills
use more than one set of accumulators, probably not over two or
three mills in the country having two or more sets. Of necessity,
therefore, the hydraulic systems are non-separable into groups corres-
ponding with the press grouping. The leading dimensions of the
double sets of accumulators of the nominal capacities given are as
follows: -

Qo R Twenty-
Size. Six-Ton. | Twelve-Ton. Ton.

Fi Breadth. ... | 8ft.8in. | 11ft. 0in. | 13ft. 3in.
oor "P““‘{ Depth. .. . .. 3ft. 8in. | 4ft. 10in. | 5ft. 10in.
Height.................. 9ft.6in. | 11ft. 3in. | 13ft. 8in.
Weichts Machine only.. .| 10,1001bs. | 13,600 lbs. | 22,100 lbs.
I8 ‘f Ballast..... ... 19,100 Ibs. | 42,200 Ibs. | 67,000 Ibs.
Total...............| 29,200 lbs. 55,800 1bs. 89,100 Ibs.

A set of the twenty-ton accumulators, complete, costs upward of
$2500. Fig. 29a shows the control-valve piping connections.

The most vital feature of two-pressure hydraulic operation is the
automatic change cock. The two pressures, automatically controlled,
give initial rapidity and final intensity of pressure application. Both
pressures are under perfect control, the lower one first raising the ram
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at any speed for which the apparatus may be set, and the high pressure
coming automatically and gradually into play for the completion of the
stroke. The full high pressure is finally exerted upon the ram only
after the press has reached very nearly its upward limit of travel. After
charging the press, the pressman simply reverses the operating valves,
closing the outlet and opening the inlet. He then pays no further atten-
tion to the press until it is time to let it down at the close of the pressing

Fearca

Ecevarion

Fic. 29a. — AcctMULATOR CONTROLLING VALVES AND PrpinGg.

interval. The result of this gradual change in pressure is a reduced
consumption of press cloth, maximum output, maximum yield of oil,
and reduced consumption of hydraulic power. The old type of “change
block,” consisting of a nest of valves controlling each one of a group of
presses, left too much at the mercy of the pressman. For a group of
six presses, there were eighteen valves in a single block, comprising the
high-pressure, low-pressure, and discharge valves for each press. They
were necessarily inconveniently located with respect to some of the
presses. It was easy to make a mistake, opening or closing the wrong
valve; still easier to forget, leaving two valves open which should never
be open together, or anticipating or delaying the change from low to
high pressure, with consequent detrimental effects of one kind or
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Fig. 81. — DErAns oF FRENCH AUTOMATIC CHANGE VALVE.

another. Operation was practically never correct with this system, and
it is rightfully now generally abandoned.

Fig. 31 shows the automatic change valve made by the French Oil Mill
Machinery Company. This sends the press up very quickly to the point
where the oil first leaves the meal, at a pressure of about 250 pounds per
square inch on the ram. The speed of the press is then instantaneously
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checked to below two inches per minute for the remaining distance, and
the high-pressure fluid is not admitted until the low-pressure has reached
the limit of its usefulness, at from 450 to 700 pounds intensity. The
throttling of the low pressure after reaching 250 pounds checks the
creeping or spreading of the cake, which is responsible for increased
cost of press cloth and decreased yields of oil. The steady increase of
pressure liberates the oil slowly at the start, permitting the relatively
soft cake to set without straining the press cloth; and the final high-
pressure application is reached about as soon as with hand regulation.
The high pressure is controlled by a self-closing choker. The checking
of the application of low pressure may be adjusted to take place at
any desired point. The high-pressure choker is provided with a flush-
ing connection for instantaneously clearing it out when it becomes
clogged, without interference with the press action. After flushing, the
valve is instantancously and automatically returned to its former posi-
tion. High and low pressure cut-offs, checks, and unions form parts
of the valve. The valves are tested to 5000 pounds pressure.

Referring to the details of Fig. 31, the low-pressure admission is at
A, the high-pressure at B. The discharge plug 11 controls the move-
ment of the fluid to the press or from the press to the return line. 8 is
a check valve closing off the low-pressure system from the press when
the pressure in the latter exceeds that in the former. 5 is the auto-
matic change valve proper, involving a check valve also, which is held
upon its seat by the levet and weight until the low-pressure fluid, acting
on the under side, opens the valve and admits the high-pressure. A
shut-off plug is placed in the low-pressure automatic speed regulator,
so that the pressure may be entirely cut off. The plunger H is held
from its seat by the small lever 31 and weight, allowing, ordinarily, a
free passage (f fluid through the valve. When the press pressure
reaches a predetermined point, the pressure on the upper surface of the
plunger H forces it upon its seat and cuts off all fluid excepting such as
can flow through the small groove. The top of the plunger forms a
dashpot, which ensures smooth working.

The high-pressure choker also has a shut-off plug. The stem L
is constantly held against its seat by the fluid pressure. This allows
the high-pressure fluid to flow through the groove only. Should
this groove become clogged, the projecting end of the stem is pressed
down by inserting the small lever under N, when the obstruction is
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washed past the seat. The stem immediately returns to its seat when
the lever is withdrawn.

The higher the intensity of pressure in the low-pressure system, the
later the high pressure may be admitted. This change in the point of
high-pressure admission is obtained by moving the larger weight on
the lever. The regulation of the low pressure is effected by moving
the weight on lever 31.

Interesting information is presented by the curves of Fig. 32. These
curves are stated to be based upon the results of actual measurement.

Fia. 82.

They show the ram movements, in inches, during successive intervals
after the application of the pressure, for different control valves, curve 3
representing the action of the French automatic valve. Curve 4 is
from the same type of valve as curve 2, but evidences defective opera-
tion, due to the pressman’s having left the high-pressure choker wide
open to avoid clogging. Curve 5 is from a non-automatic valve with no
low-pressure choker and an extremely small choker on the high pres-
sure. Curves 1 to 3 may be considered as typical valves well operated.
From the five curves the table on following page is drawn.
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Total Travel

. Maximum Theoretical
Number of .ﬁ thute up | g after o,fh?l'e Ra(.’m Horsepower
Curve. ;the Begin- "Oil begins | Jihile under in
ning of the to flow High Pres- Pressing
Flow of Oil. : sure. :
1 6 in. 6 in. 4 in. .60
2 24 in. 44 in. 7% in. 1.14
3 22 in. 1} in. 2 in. .58
4 88 in. 38 in. 7% in. 2.52
5 20 in. 17 in. 7% in. 1.91

The last column of this table is calculated on the assumption that the
pressures used are 500 and 4000 pounds per square inch, the rams
being 16 inches in diameter. Thus, for curve 1, the ram diameter being
16 inches, its area is 201 square inches, and the total low pressure is
201 X 500 = 100,500 pounds, or the total high pressure is 201 X 4000
= 804,000 pounds. The low pressure is applied for 2.7 minutes (up
to point B), during which the ram rises 15.2 inches. The power
absorbed in this amount of ram travel is 100,500 X 15.2 inch-pounds,
or 127,000 foot-pounds. This amount of power being applied in 2.7
minutes, the power per minute is 127,000 + 2.7 = 47,000 foot-pounds,
or 1.43 horsepower. The high pressure is applied for 9.3 minutes, and
produces a movement of 4 inches, absorbing 804,000 X 4 = 3,216,000
inch-pounds or 268,000 foot-pounds, or 28,900 foot-pounds per minute,
or .877 horsepower. The total horsepower used during the stroke of
the press is {(1.43 X 2.7) + (.877 X 9.3)} + 12.0 = 1.00, and if the
average interval between pressings was 20 minutes, the average power

. . . 12
consumption continuously was theoretically 20 X 1.00 = .60 horse-

power. Curve 8 is that which gives the lowest consumption of power.
Curves 4 and 5 are particularly bad, the rapid application of the pres-
sure resulting in reduced yield due to spreading of cake, and enormous
waste of press cloth.

The parts of the Buckeye automatic change cock are shown in Fig. 33.
Each press has one of these cocks and is controlled independently
of the other presses. Supply pipes from the low-pressure and high-
pressure accumulators are brought to the under side of the cocks, a
short distance beneath which are inserted the chokers, one to each pipe.
These chokers regulate the speed of the press by throttling the flow of
fluid. After passing the choker, the change cock, and the entrance to



HYDRAULIC OPERATIVE EQUIPMENT. 85

the ram cylinder, the fluid is subjected only to such pressure as is
caused by the resistance to the upward travel of the ram. The high-
pressure fluid is held back
by an upper valve, pressed
to its seat by a weighted
lever. The application of the
low-pressure fluid continues
until the resistance of the ram
causes the pressure to rise to
such a point as to lift the
weighted valve and allow
entrance of the high-pressure o
fluid. * The latter then comes Fic. 33.—AuromaTic CHANGE Cock AND CHOKERS.
into play, its application being

rendered gradual by the action of the choker on the high-pressure
Pipe.

Immediately upon opening the weighted valve, the high-pressure oil
closes the low-pressure choker check valve and throws the low-pres-
sure system entirely out of connection with the press. When the
press is let down by closing the inlet valve and opening the outlet valve,
the pressure is relieved from the weighted valve, and the latter returns
to its seat. Thus the high-pressure system is shut off and held back
until required for the next pressing. The body castings of this
valve are of phosphor-bronze, with valves and seats of crucible steel.
A guard screw is placed above the choker disks, as shown in Fig. 33,
protecting the aperture therein from obstruction by foreign material
in the fluid, and providing for the removal of such obstruction by
forcing it to and through the opening. The outlet valve, the weighted
top valve of the change cock, and the check valve of the low-pressure
choker must be kept absolutely tight if good results are to be secured.
The outlet valve is more likely to leak than any other part of the
hydraulic system. This is made large in order that the presses may
descend quickly, and should be closed very tight when the pressure is
to be applied; otherwise the forcing of minute particles of oil through
at high velocities will inevitably cut the seat. Fig. 34 gives views of
the detail of piping at the change cock.

Various auxiliary equipment used in connection with the hydraulic
system may be briefly mentioned, including the hydraulic pressure
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gauge for attachment to each press; the hydraulic safety valve, with
packed stem, phosphor bronze body, and crucible steel valves and
seats; the direct-pressure change cock for controlling the operation of
presses worked without accumulators by automatically changing from
low pressure to high pressure at the pump; and the balanced steam
valve for control of steam pumps, already referred to. Various types
of hydraulic fittings are made in phosphor-bronze and cast steel. The
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Fi. 34. — Pirine o CHANGE Cock AND CHOKERS.

Nason Manufacturing Company of New York makes a good grade
of forged-steel hydraulic fittings for the smaller sizes of pipe.

Much trouble is frequently experienced with the pipe lines in put-
ting into service any new hydraulic installation. The pipe should be
double extra strong, with forged or cast-steel fittings of heaviest weight,
and all stops and checks should be the product of manufacturers who
make a specialty of this class of work. Only lap-welded or seamless
drawn pipe should be used. The smaller fittings and flanges should
be forged steel. Flanged joints should he made by screwing the pipe
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