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JLLx^iyLlili   Production Machinery^ 
By Mills H. By rom f senior agricultural engineer. Agricultural Engineering Research Branchf Agricultural Research 

Service, United States Department of Agriculture in cooperation with the Florida Agricultural Experiment 
Station 

INTRODUCTION 
The fiber plant ramie^ a native of the Orient, 

belongs to the nettle family. It is known botani- 
cally as Boehmeria nivea (L.) Gaud. It is a 
perennial and covers the ground completely after 
the plant becomes established. The stalks or 
canes grow to a height of 5 to 7 feet and usually 
are free of branches. The stalks yield a textile 
fiber that is strong and has a silklike luster. 

Many products can be made either wholly or in 
part from ramie fiber. Among these are dress 
fabrics, millinery and trimmings, thread for fine 
embroider}^ and laces, upholstery fabrics, webbing, 
canvas, rope for mountain climbing, belting, milk 
filters, and shoe thread. 

Until modern times, production and use of 
ramie was centered in China and Japan. Smaller 
am.ounts were produced in India, the Netherlands 
East Indies, and other Oriental countries. 

Several European countries, the African colonies 
of some European countries, and several countries 
in the Western Hemisphere have shown great 
interest in ramie, but its production and manu- 
facture have never been established as sizable 
industries in an}^ of these countries. 

Ramie was introduced into the United States 
from the Orient about 1855, Since that time it 
has been tried experimentally in most of the 
Southern States. Need for a crop to supplement 
vegetables and livestock in the Florida Everglades 
has created a wide interest in that area in recent 
years in the production of ramie. 

The first planting of ramie at the Everglades 
Experiment Station was made in 1929. Early 
studies included experiments to determine the 
cultural and fertilizer requirements of ramie in 
i^elation to fiber yields.^ The plant grew equally 
^weU on Everglades peat and Okeechobee muck 

1 The research work on which this report is based was 
conducted cooperatively by the Agricultural Engineering 
Research Branch and the Field Crops Research Branch, 
Agricultural Research Service, U. S. Department of Agri- 
culture, and the Everglades Experiment Station of the 
Florida Agricultural Experiment Station. 

2 NELLER, J. R. CULTURE, FERTILIZER REQUIREMENTS 
AND TIBER YIELDS OF RAMIE IN THE FLORIDA EVERGLADES. 
Fla. Agr. Expt. Sta. Bui. 412, 40 pp., illus.     1945. 

soils. Annual yields ranged from 31 to 47 tons of 
fresh, green stalks per acre per year. About half 
of this yield was reported as foliage. 

As machinery designed for extracting ramie fiber 
from the plant was not available, flax scutchers 
and other kinds of flax-fiber machinery were used 
to decorticate the crop from the experimental 
plantings. Fiber yields ranged from 1^777 to 
2,667 pounds per acre, and averaged 2,140 pounds. 
These experimental plantings showed that a suit- 
able type of ramie was available and that methods 
of planting, fertilizing, and water control were 
adequate for larger plantings. However, me- 
chanical equipment for harvesting, decorticating, 
and spinning would be needed for successful 
large-scale production of ramie and ramie fiber. 

Later experiments at the station were conducted 
to stud}^ varietal differences and the effect of minor 
elements on plant growth and fiber yields. The 
investigators reported that B. nivea, PI 87521, 
obtained from Japan, was an all-around good 
type, although some other introductions gave 
promise of higher fiber yields.^ The later studies 
emphasized the need for adequate water control. 
Ramie plants soon die when the land is covered 
with water. 

Under commercial conditions, annual yields of 
20 to 30 tons of green ramie stalks per acre are 
obtained on the Florida peat soils. About 45 
percent of the yield is leaf material and 3 to 5 per- 
cent is useful fiber. Commercial enterprise has 
contributed much to the development of methods 
and machinery for large-scale production, and 
especially to recognizing the necessity for adequate 
water control. 

This publication reports on the progress that 
has been made at the Everglades Experiment 
Station in developing machinery for large-scale 
production of ramie in the Florida Everglades, 
including methods and machinery for central- 
station decortication and degumming of ramie 
fiber. 

3 SEALE,  C.  C,  GANGSTAD, E,  O., and JOYNER^ J. F. 
AGRONOMIC STUDIES OF RAMIE IN THE FLORIDA EVERGLADES. 
Fla. Agr. Expt. Sta. Tech. Bui. 525, 30 pp., ülus.     1953, 

1 
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FIGURE 4.—Cutting ramie roots with a forage harvester: A, The crew is feeding root clumps to the apron of the machine, 
which has been speeded up about fourfold; B, removing the root pieces from the machine as they are cut. The 
cutting head can be seen between the two men. All knives except one were removed, and the rotor was slowed to 
150 r. p. m. 

there was less opportunity to eliminate undesirable 
root sections and there was a wider variation in 
the length of the root sections. The longer sec- 
tions were culled out and put back through the 
cutter. The storage roots were culled out by the 
men on the planter. 

Figure 4 shows tlie modified forage harvester in 
operation cutting roots. 

Plantings made from root pieces cut with either 
the fiber-stapling machine or the modified forage 
harvester indicated that either machine would 
give excellent results for commercial operations 
at a much lower cost tlian hand cutting. Digging, 
cutting, and preparing the root pieces by hand re- 
quired 52 man-hours per acre, as compared with 
8 man-hours per acre when the work was done by 
machine. 

Planting Machinery Developments 

In commercial practice, root pieces usually are 
dropped at intervals of 12 or 18 inches in rows 
spaced 42 to 48 inches apart. Occasionalh', root- 
spacing intervals of 24 or 36 inclies and rows 
spaced 36 inches apart are used.    The row spacing 

and root-spacing interval to select depends on the 
amount of rootstock available and the acreage to 
be planted. With a 42-inch row spacing and a 
12-inch interval in the row, 12,445 root pieces are 
required to plant an acre. This decreases to one- 
third as many, or 4,148 root pieces, for a 36-inch 
interval. With a 48-inch row spacing and a 12- 
inch interval in the row, 10,890 I'oot pieces are 
needed. This decreases to 3,630 pieces for a 36- 
inch interval. 

Plantings made between late February and early 
May should be mowed twice during the summer 
to encourage spreading and to prevent seed forma- 
tion. The stalks from these cuttings usually are 
hard and woody, and the fiber is coarse and brittle 
and has little value. Usually a thiid cuttins^ 
suitable for fiber production can be obtained la*^e 
in the summer. 

A longer time is required for tlie plants to covei- 
the ground when the root-spacing interval is 24 
or 36 inches than when it is 12 or 18 inches, and 
more cultivation is required for control of weeds. 
Where rootstock is available, the closer spacings 
are recommended. 

A two-row tobacco transplanter that had been 
modified to handle sansevieria plantings was used 
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FIGURE 2.—A, A eliiiii]) of ramie roots as taken from the field ready to be cut into sections for planting; B, root sections 
cut by hand, ready for planting. 

cut and prepare the roots and also a better method 
of getting them into the ground. 

In an attempt to develop labor saving equip- 
ment, a fiber-stapling machine was obtained at 
the Everglades station for experiments on me- 

FicuRE 3.—A crew culling and cutting ramie roots for 
planting. The culled rools in the lower foreground are 
mostly the storage type and have been discarded. 

chanical cutting of roots. This machine has a 
ratio between the speed of the cutter head and 
the feed belt that can be adjusted to give stapled 
fiber ranging from one-half inch to 10 inches in 
length. In the root-cutting test, the machine was 
set to give 6-inch stapled fiber. Root sections 
cut with this setting ranged from 3 to 8 inches in 
length, with a small immber shorter than 3 inches 
and a still smaller number longer than 8 inches. 

Two l}2-ton truckloads of roots, sufficient for 
planting 15 acres, were put through the machine 
in SK hoiu-s. ^lost of the storage roots were 
removed as they came from the cutter; others 
were thrown otit by the planting crew. However, 
a few will escape detection. For this reason, and 
also because machine-cut root sections are shorter, 
on an average, than hand-cut pieces, the machine- 
cut root sections should be dropped closer together. 

Roots for another planting at Belle Glade were 
cut in a modified rotary--liead forage harvester. 
The machine was modified as follows: The speed 
of the cuttiTig rotor was slowed to about 150 revo- 
lutions per minute, all the blades except one were 
removed, and the feed apron chain was speeded 
up so the root pieces moved through the cutter 
head fast enough to obtain the desired length. 
Production was much greater with this machine 
than with the fiber-stapling machine.    However, 
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Fiel UK 4.—C'uttiiif; raiiiic rin)ts wilh ii fcraKC liarvcstcr: .1, Tlic ITCW is fcctüiiM: nxil cluinps to ihc aproii (if the niachiiic, 
whicli lias been speeded up about fourfold; li, reinovinfç the root jjieees from tlu; inachiiie as they are cut. The 
cut ling head can be seen between the two men. All knives except one were removed, and the rotor was slowed to 
1,")0 r. ]). ni. 

tlicrc was less opportunity to olimiimtc uiidcsiriililc 
root sections and there was a wider variation in 
llio l('ni;tli of tile root sections, 'i'iie ionjicr sec- 
tions were culled out and put liacic tlirou<ili the 
cutler. 'Plie storajrc roots were culled out l)y the 
men on the ])lanter. 

Figure 4 sliows tiie uioihfied l'ora<;(' iiarvester in 
opei'ation cuttinii roots. 

Plantin<;s made from root pieces cut with cither 
the fil)(>r-sta])linfj; machine or the modified forage 
harvester indicated that eitliei- machine would 
give excellent results for commercial operations 
at a much lower cost than hand cut ting. Digging, 
cutting, and ])reparing the root pieces by hand re- 
((uired ")2 man-hours per acre, as compai-ed with 
8 man-hours |)er acre when the woi'k was done hy 
machine. 

Planting Machinery Developments 

In commercial |)raclicc, root j)icces usualls' are 
dropped at intervals of 12 or 18 inches in rows 
spaced 42 to 48 inches apart. Occasionally, root- 
spacing intervals of 24 or 'M't inches and rows 
spac(>d 'M] inches a])art arc used.    The row spacing 

and root-spacing interval to select depíMids on the 
amount of rootstock available and the acreage to 
be ])lanted. \Vith a 42-inch row spacing and a 
12-inch interval in the row, 12,44.") root pieces are 
recjuired to plant an acre. 'J'his decreases to one- 
third as many, or 4,148 root pieces, for a ;5()-inch 
interval. With a 48-incli row s|)acing and a 12- 
inch interval in the row, II),890 root pieces are 
needed. This decreases to '.'¡SVM) ])ieces for a 'MS- 
incli  interval. 

Plantings made between late l*'ebruary and caiiy 
.May should be mowed twice during the summer 
to encourage s|)rea(ling and to prevent seed forma- 
tion. The stalks from these cuttings usually are 
hard and woody, and the fibei' is coarse and t)rittle 
and has little value. Usually a third cuttiu!; 
suitable for filxM- production can be obtained la',e 
in the summer. 

.\ longer time is re(|uire(l for the plants to covci- 
the ground when the I'oot-spacing interval is 24 
or :i() inches than when it is 12 or 18 inches, and 
more cultivation is reciuired for control of weeds. 
Whore rootstock is available, the closer spacings 
are recommended. 

A two-row tobacco transplanter that had been 
modified to handle saiisevieria i)lantings was used 
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FIGURE 5.—Three celery transplanter units mounted on 
the tool bar of a tractor, for use in planting ramie. 
The plant-spacing wheels have been replaced l)y funnel- 
like tubes through which the root sections are dropped 
directly into the furrows. 

in the first planting tests with ramie at the Ever- 
glades station. T\w basic elements of the ma- 
chine were a fertilizer attachment with disk 
openers that could be set to place fertilizer to each 
side of or below the roots, a runner-type furrow 
opener, and two press wheels to close the furrow 
and press the soil firmly around the root pieces. 
A row spacing of 42 inches was used. Two men 
were used on each furrow, dropping roots alter- 
nately. With this arrangement, planting, in- 
cluding fertilizing, required 9 man-hours per acre. 
The same time was required to plant machine-cut 
and hand-cut root pieces when comparable root 
spacings in the row were used. 

A second planter composed of three units of a 
regular celery transplanter mounted on a tool bar 
behind a tractor (fig. 5), was used in other plant- 
ing tests at the station. The plant-spacing 
wheels were replaced by funnellike tubes through 
which the root pieces were dropped directly to the 
bottom of the furrows. The hydraulic lift at- 
tached to the tool bar gave good depth control. 
Turning at the ends of the row and elimination of 
trash on the furrow opener were also greatly 
facilitated. 

The basic parts of the two planters were the 
same, except that the second had no fertilizer 
attachment. Fertilizer was applied broadcast 
after a stand was obtained. Planting time was 
reduced from 9 man-hours per acre to 4. 

Stands Obtained With Hand and 
Machine Methods 

The planting tests indicated that better stands 
can be obtained more quickly and at less cost with 
machine methods than with hand methods. 

A comparison of the stands obtained with 
plantings of hand-cut and machine-cut root pieces 

showed that a greater number of root pieces germi- 
nated on the rows planted with hand-cut pieces; 
however, where a slightly, greater number of 
machine-cut root pieces were planted per row, to 
ofl"set the damaged and storage roots that were 
dropped, comparable stands were obtained. In 
fact, plant counts sliowed a greater number of 
plants on these rows than on rows planted with 
liand-cut pieces, and the plants were otherwise 
satisfactory. 

Planting by macliine was faster and cheaper 
than the old method of dropping the root sections 
by hand. Quicker and better germination was 
obtained, because the soil was disturbed only to 
the extent of opening a narrow fin-row into winch 
the roots were dropped. This was closed im- 
mediately, before there was any loss of moisture. 
The only advantage tliat can be attributed to 
planting by hand is that it is more economical 
when the supply of planting stock is limited. 
Althougli it is advantageous to apply fertilizer at 
the time of planting, the fertilizer can be applied 
very well with a broadcast distributor after the 
plants have emerged. 

As a result of the planting tests at the Ever- 
glades station, machine planting of ramie has 
become the accepted practice in the Everglades. 
Planters ranging from simple machines having 
only the basic parts—that is, a furrow opener, 
dropping tube, covering disk, and press wlieel—to 
more elaborate machines that include fertilizer 
attachments have been built and used to plant a 
large acreage of ramie. 

Figure 6 shows ramie plants at different stages 
of growth. 

WEED   CONTROL  IN   A   NEW 
PLANTING 

Weeds and grass grow very fast under condi- 
tions suitable for ramie growtli. Unless they arc 
controlled, they will crowd and smother the young 
ramie plants to the extent that replanting will bo 
necessary. 

A multiple-tined scratcher will do a good job of 
controlling weeds if it is used frequently while 
the weeds are small (fig. 7). It can be operated 
at high speed with little or no damage to the 
young ramie plants. Six to eight cultivations are 
needed before the plants get large enough to 
shade the ground. A 4-row scratcher operated 
at 2K to 3 miles per hour will cover the ground at 
a cost of 25 cents per acre and will practically 
eliminate all hand weeding. 

MAINTENANCE MACHINERY 
Although ramie is a perennial that covers the 

ground and needs little cultivation after it becomes 
established,   machinery   is   needed   to   maintain 
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FIGURE 6.—Ramie plants at different stages of growth: A, Emerging from the soil 1 week after planting; B, the same 
planting 4 weeks later; C, a closeup view of a clump of young ramie plants that grew from a single root section; 
the clump was 4 weeks old when photographed; D, a mature stand of ramie. Plants in the foreground had been cut 
recently with a mowing machine.    Note the absence of branches. 

water control, farm roads, and weed control on 
ditch banks and turn rows. In addition, mowing 
machines are needed to cut back or "stage" winter 
growth, and fertilizing equipment is needed. 

For a plantation of 2,500 to 3,000 acres, the 
following equipment should be available: 

(1) Small dragline, K- to ^i-yard capacity. 
(2) Crawler tractor, 40 to 50 horsepower. 
(3) Mole drain macldne. 
(4) One reversible type drainage pump 

(15,000 gallons per minute, powered by a 
50-horsepower diesel engine) for each 320 
acres. 

(5) Heavy-dutj^ tandem weed chopper. 
(6) Road drag or grader. 
(7) Wheel tractors with mower attacli- 

ments. 
(8) Broadcast fertilizer distributors. 
(9) Plows, harrow, land leveler, etc. 

HARVESTING AND HANDLING 
In most of the world areas where long vegetable 

fibers are grown, cutting and transporting the 
raw material to a field loading station is done by 
contract at a fixed fee per ton of stalks or per 
thousand loaves. Hand labor is used for all opera- 
tions, including cutting and partially defoliating 
the stalks in the case of ramie, except that pack 
mules or carabao-drawn carts are used occasionally 
to move the raw material to the loading station. 
At the loading station, the raw material is trans- 
ferred to tramcars or trucks and hauled to a 
central plant where it is decorticated, dried, and 
baled. Labor conditions in the Philippine Islands 
and other Oriental countries tend to favor this 
system of hand harvesting over the system of 
mechanical harvesting described in this publica- 
tion. 
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FIGURE 7.—Multiple-tined scratcher weeding a ramie 
planting where the plants are just beginning to emerge. 
Scratching at weekly intervals will control young weeds 
and grass. 

Because of the limited demand, a liarvesting 
machine has never hoen developed especially for 
ramie. Some of the implement manufacturing 
companies have investigated tlie possil)ilities of 
building a harvester and have indicated a willing- 
ness to do so when potential sales justify it. The 
only ramie harvesting macliiiu' available at present 
was made from a hemp ])ickup binth'r and a liemp 
cutter that had been developed to take care of 
the large acreage of hemp grown during tlu'. 
Second World War. The tying head of the binder 
was a(Uh'd to the cutter. This modihed bin(k>r 
will cut the ramie stalks and tie them into bundles. 

The growth characteristics of ramie present 
nianj- harvesting problems. Tlie top 12 to 18 
inches of stalk contains little fiber but has a dense 
growth of large hairy leaves that make harvesting 
difficult. Unless they are removed, the leaves 
reduce the capacity of the raspador-type decor- 
ticator by 25 to 50"percent. At least part of the 
leaves must be removed before the stalks can be 
decorticated in the portable machines. 

Several devices have been developed at the 
Everglades station to top the stalks mechanically 
and leave the unwanted material scattered over 
the field. One device is an attachment for the 
binder that will top the plant above the cutter 
bar, thus removing a large proportion of the leaves 
with little loss of fiber. Another device consists 
of a circular saw that is placed in the elevator 
platform just ahead of the binding mechanism. 
It is driven from the main drive shaft of the 
binder.* 

* U. S. DEPARTMENT OF AGRICULTURE AND FLORIDA 
EVERGLADES EXPERIMENT STATION, RAMIE PRODUCTION 
IN FLORIDA. U. S. Off. Tech. Serv. [P. B.] 97342, 
202 pp., illus. 1948. [Processed.] (A progress report 
prepared for U. S. Dept. Com., Off. Tech. Serv.) 

390145—57 2 

Chemical defoliants such as calcium cyanamid 
and pentacldoroplienyl, which are used to defoliate 
cotton in coimection with mechanical harvesting, 
have been tried on ramie. Calcium cyanamid 
used asa dust was expensive and gave poor results 
in rainy weather. Pentachloiophenyl used as a 
spray was better, but rcsidts were still erratic. 

Up to 80 percent defoliation can be obtained 
in about 48 liours by applying a weak solution 
of a weed killer-disodium 3, 6-endoxohexahydro- 
phthalate, containing 4.6 percent of active in- 
gredient, a[)plied at the rate of one-third gallon 
mixed with 1K gallons of water per acre. Accord- 
ing to ramie producers, this material can be 
applied as a spray witli a small airplane at a total 
cost of less than $2 per acre, and it has been 
adopted by tlie industry in lieu of mechanical 
topping in the field.^ For best results, the 
defoliated stalks should be topped before decor- 
tication, as described on page 12. 

Performance of Modified Binder 

The modified binder developed for ramie has an 
8-foot cutter bar and can be operated at 2^ to 3 
miles per liour. A 35-horsepower crawler tractor, 
or a mediinn-size wheel tractor, lias sufficient 
power to pull the binder and operate its meclianism 
tlirough tlie power takeoff. Under favorable 
conditions, 2 men can liarvest 10 acres a day with 
such a imit, using 1 man on tlie tractor and 1 on 
the binder. 

A bundle carrier was developed to receive the 
bundles from the binder. It is attached to the 
right of the binder, as shown in figure 8. It 
holds the bundles until about 20 are collected, 
then drops them. A mechanical loader is used to 
pick up tlie piles of bundles and deposit them on a 
wagon (fig. 8). 

As the stalks are cut with the binder, there is a 
tendency for them to fall on the platform with the 
butt ends uneven and the stalks tangled to some 
extent. Also, as the stalk is carried to the tying 
mechanism, the butt end moves faster than the 
tip, which tends to increase the lack of uniformity 
of the bundle and frequently jams up the elevator 
canvasses. 

Each time the bundle is handled, additional 
slippage of stalks occurs at the tie. Some stalks 
fold over the tie. Any lack of uniformity in the 
harvesting and bundling process in the field or in 
transit from the field to the decor tica tor increases 
the loss of fiber in the decorticating process. It is 
essential that uniform, well-butted bundles be 
delivered to the decorticator if a high recovery 
of fiber is to be obtained. 

5 Conversation with J. M. Dempsey, former manager, 
Fiber Division, Newport Industries, Inc.    1954. 
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FiGiTBB 8.—Harvesting ramio iu Llic Klurida líiverglades: .1, A ticlci of mature ramie read}- í(ir liarvestiiig; B, modified 
hemp binder harvesting ramie; note the bundle carrier at the right of the machine; C, loading piles of bundles on the 
wagon train, with a mechanical loader; D, loader and wagon train moving through the field. 

DECORTICATING  MACHINERY 
Ramie fiber is borne in the bast layer that sur- 

rounds the woody core of tlie stalk. Numerous 
machines have been devised for separating the 
fiber from tlie woody part of the stalk and from the 
bark or cortical tissue, without retting. This pro- 
cess is known as decortication. 

Soft (or bast) fibers, such as ramie, are ce- 
mented together by plant gums. After decortica- 
tion, these fibers must be treated chemically to 
dissolve the gums before they are ready to spin. 
Hard (or leaf) fibers, such as sisal and abaca, need 
no further treatment after decortication, otlier 
than drying. 

The term "decorticated ramie fiber" used in this 
report is fiber from which the woody portion and 
outer bark have been removed. The product 
consists of fibers embedded in plant gums but rela- 
tively free from other foreign substances. In 
contrast, the term "ramie ribbons" refers to strips 
of the bast layer that have all of the cortical tissue 

as well as the gums and may contain some woody 
material. 

Most of the soft fibers, such as jute and flax, 
have been produced since ancient times b}' water- 
retting, to dissolve tlie gums, and then cleaning 
by hand methods. More recently, efficient scutch- 
ing machines have been developed for flax, and 
machines for ribboning and mechanical washing 
of jutelike fibers are being developed. 

Hard fibers lose much of their quality if retted; 
consequently, the fiber is separated from the 
freshly cut leaves by beating and scraping. This 
is strenuous work when done by hand, the plant 
juices arc corrosive to the skin, and the quantity of 
fiber produced is small. For these reasons, 
machines of a crude type were developed for leaf 
fibers long before they were thought of for bast 
fibers. 

Although ramie is a bast fiber, the best quality 
of ramie is produced by separating the fiber from 
the freshly cut stalks without retting, and then 
treating the fiber chemically to dissolve the gums. 
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FIGURE 9.—A machine for decorticating ramie tliat was 
patented in the United States in 1896. The operator 
feeds 3 to 5 stalles, tips first, into a rotor worliing 
against a bar or short bedplate. The stalks are then 
withdrawn, and the process is repeated for the butt end. 

Before World War II, most of the ramie fiber was 
produced by hand scraping, even though small 
machines such as one patented in 1896 (fig. 9),^ 
were fairly efficient and were available in most of 
the growing areas. 

According to Dewey,^ the development of the 
grain binder created a demand for hard fiber that 
could not be met by hand-production methods. 
As a result, the raspador decorticator was per- 
fected.    Tills   continues   to   be   the   best   large- 

" FAURE, P. P. MACHINERY FOR DECORTICATING RAMIE, 
ETC. (U. S. Patent No. 564,982.) U. S. Patent Office, 
Off. Gaz. 76: 624-625, illus.    1896. 

' DEWEY,   L.   H.      FIBER   PRODUCTION   IN  THE   WESTERN 
HEMISPHERE. U. S. Dept. Agr. Misc. Pub. 518, 95 pp., 
illus.    1943. 

capacity dccoi'ticator that lias been developed. 
Although it was originally developed for henequén, 
it luis been adapted to abaca, sisal, and most of the 
agaves, furcraeas, and other leaf fibers that have 
commercial value. In recent years, the raspador 
has been siicc(>ssfully adapted to ramie and, with 
somewliat less success, to some of the other bast 
fibers, sucli as konaf. 

The files of the United States Patent Ofiice 
reveal that sonu^ 2,000 decorticating machines and 
|)ro<'esses liave been invented or patented. A large 
number of lightweight, portable machines that 
decorticate by beating, scraping, brushing, or 
wiping, or combinations of tliese, have been de- 
veloped for use on ramie.^ Some of them produce 
(î.xcellent crude fiber free from all cortical tissue and 
wootl, whereas others produce ribbons containing 
most of the cortical tissue as well as some woody 
shives and phloem. 

With one of the better hand-fed machines, a 
team of 3 first-class operators can produce as much 
as 50 pounds of crude fiber relatively free of ex- 
traneous material per hour; the average is about 30 
pounds. Although a good quality of crude fiber 
can be produced with such machines they have 
little practical application under existing condi- 
tions in the Florida Everglades, because of their 
small output. Some of tlie machines that produce 
ribbons have a relatively higher capacity, but the 
fiber requires further mechanical treatment before 
it is ready for degumming. 

Figure 10 is a plan view of an experimental 
raspador-type decorticator that was constructed 
in the Belle Glade laboratory, and figure 11 is a 
cross-sectional view of the decorticating wheel. 

The Belle Glade laboratory has developed a 
harvester-ribboner that uses either a conventional 

' See footnote 4, p. 7. 

y" 

^ 

E: 

1. Feed Table 
2. Conveyor chains 
3. Gripping & conveying devices 
4. Decorticating Wheels 
5. Fiber Take-off 

FIGURE 10,—Plan of experimental rasi)ador-type decorticator. 
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1. Gripping device 
2. Gripping chain return 
3. Decorticating wheel 
4. Blades 

FIGURE 11.—Cross-sectional view of decorticating wheel. 

reaper-type cutting, elevating method or a vertical 
gathering-conveying mechanism with a standard 
mower bar to harvest the stalks and convey them 
to gripping devices. The gripping devices carry 
the material through two rotating drums which 
remove the leaves, shives, and some other foreign 
materials and scatter them on the ground as the 
machine moves through the field, thus greatly 
reducing the volume of material to be hauled from 
the field. Commercial interests are experimenting 
with machines of this type to replace the heavy, 
more expensive decorticators now in use. 

CENTRAL-STATION 
DECORTICATION 

In central-station decor tic ation, all of the 
material grown in the field, usually a large acreage, 
is hauled to a centrally located plant for decorti- 
cating, drying, and baling.   The plant should be 

located so that the average haul is not more than 2 
miles. The layout of a plant designed especially 
for ramie is shown in figure 12. The decorticator 
which separates the fiber from the freshly har- 
vested crop is the key machine and determines the 
producing capacity of the plant. 

Machines in the decorticating line and also the 
growing operations should be synchronized with 
the decorticator. With 100 horsepower on each of 
the decorticating wheels, a capacity of 30 tons of 
green stalks per hour can be maintained. With 
this capacity, a decorticating machine operating 
20 hours per day (two 10-hour shifts) during a 
harvest season extending from May 15 to Novem- 
ber 1, or about 150 working days, will handle the 
ramie grown on 2,500 to 3,000 acres of land. The 
planting should be increased by the above incre- 
ment for each additional decorticator. 

Usually the fieldworkers harvest enough ramie 
in a 10-hour day to keep the plant operating for 
two 10-hour shifts. 
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Harvesting and Hauling 

If a 3,000-acre planting is to be harvested 3 
times in a 150-day harvest season, 60 acres will 
have to be harvested and processed daily. The 
yield will be divided about equally among the 
three harvests. The first harvest usually will begin 
about May 15; the second, July 10; and the third, 
September 4. These dates will vary somewhat, 
depending on the weather and other growing 
conditions. 

As 10 acres per day can be harvested with 1 
binder, it will require 6 binders and 6 tractors to 
harvest 60 acres. At least 2 spares should be 
provided, in order to keep 6 operating at all times. 
Thus, harvesting will require 8 tractor drivers to 
operate the 8 crawler tractors (35 horsepower) 
and 8 binder operators to operate the 8 binders. 

Several types of wagons are used to haul ramie 
stalks from the field to the central station. They 
range from the general-purpose farm wagon on 
rubber tires to heavy wagons on crawler tracks. 
Each wagon usually carries from 2 to 3 tons of 
stalks, and from 2 to 6 wagons are pulled in a train 
depending on the condition of the field roads. 
For harvesting 60 acres a day, at least 10 trains 
of 6 wagons each, or 60 wagons, and 3 tractors for 
pulling   the   wagon   trains   should   be   available. 

1. Main office 

2. Research l4»fatory 
3. Farm machinery shed-repair 

and storage 
4. Unloading shed-steel 

5. Deco« icat ing bu ild ing - s hed 
type, all steel 

6. Drier building-concrete 
block 

7. Boiler shed-150-h. p. boiler 

8. Baling  & storage building- 
Wood truss sheet steel 

9. Unloading conveyor 
10. Spreader table  & topping saw 
11. Decorticator-rope- 

grip, raspador-type 

12. Waste disposal conveyor 
B.  Squeeze rolls-top, rubber; 

bottom, cast iron 
14. Apron-Conveyor Driers 

15. Covered runway-drier to 
tempering and baling area 

16. Steel baling presses 
hand operated 

17. Fiber tempering area 

18. Bale  storage  area 
19. Repair & parts storage 
20. Water  treatment plant  for 

LABOR AND MACHINE REQUIREMENTS FOR 
CENTRAL PLANT  DECORTICATION OF RAMIE 

12 Men 
6 tractor - binder units 
60 acres-10 hour day 

1  Man 
Pile bundles with bundle carrier» 
Load with mechanical loader 

^ HARVEST 

^     LOAD 

1 / 
-^     HAUL 

2/  UNLOAD 
AND FEED 

2/SPREADER 
TABLE 

2 Men 
Bulldozer 

-^'   WASTE u 
DECORTICATE 

u 
SQUEEZE ROLLS 

^      DRY 

TEMPERING 

1/ One Shift 

Jj Two Shifts 
i^     BALE 

3 Men 
3 wagon trains, 6 wagons each 
3 tractors 

16 Men 
Hand operation 

5  Men 
Hand operation 

3  Men 
Clearing trash 

4 Men 
Remove and handle fiber by hand 

4  Men 
Load and unload by hand 

1 Man 
Spread and collect by hand 

2  Men 
Fill and tie by hand 

FIGURE 12.—Typical   central-station   plant   layout   for 
decorticating ramie fiber. 

FIGURE 13.—Labor and machine requirements for central- 
plant decortication of a 3,000-acre ramie planting. 

Each train will have to make 3 or 4 trips a day, 
which is not difficult when the average haul is 
less than 2 miles. 

The crane-type grabhook loader, which was 
developed for loading sugarcane, has been adapted 
for use in loading ramie. Use of this machine has 
greatly reduced the hand labor required in the 
field for loading the bundles of stalks onto the 
wagons. Three loaders should be provided in 
order to have two in continuous operation. 

The machines and operations for a central- 
station ramie decorticating plant are shown in 
figures 13 and 14. The manpower and machine 
requirements for harvesting and processing a 
3,000-acre planting of ramie are also shown. 

Unloading and Preparation for 
Decortication 

At the central station, the wagon trains are 
pulled alongside the stalk conveyor in the unload- 
ing shed, and the bundles are unloaded onto the 
conveyor. 
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WAGON TRAINS 

X 
]CZZ][IZD 

TEMPERING 
AREA 

L'NLOADING CONVEYOR SPREADER 
TABLE 

 ^ 
TOPPING 

SAW 

DECORTICATOR 

TOPPING SAW WASTE 

n o 

ñ > 
O 
PO  ^ 

> 
CO 
H 
m 

FIBER     SQUEEZE 
^    ROLLS 

WET 
BRLSH 

DRIER BALER 

FIGURE 14.—Sequence arrangement of machines and operations at the central-station decorticating plant. 

The conveyor usually consists of 3 or 4 pintle 
or hook-type chains mounted on supporting 
railings. The length and height of the conveyor 
should be adjusted to the type of vv^agons used. 
A conveyor 120 feet long is adequate for a train 
of 6 wagons; and it should be at a height about 
2 feet above the bed of the empty wagons. The 
chains can be driven from a single shaft, but they 
should be on individual idlers at the opposite end 
to provide for differences in the length of the 
chains. A 2-foot walkway should be provided on 
each side of the conveyor. 

The bundles are thrown across the conveyor 
and are carried at the same speed that the grip 
ropes or chains of the decorticator move. The 
best speed for volume production, at the same time 
maintaining clean, high-quality fiber, is 93 feet 
per minute. A crew of 12 to 16 men will be needed 
to unload the wagons, if the conveyor is to be kept 
filled uniformly all the time. The work is so 
strenuous that the crew usually is divided, and 
part rest while the others work. 

Topping Saw 

The rough nodal growth on the tip end of the 
stalk contains little fiber. Even though the stalk 
was defoliated, cleaner fiber will be obtained if the 
top is cut off before the stalk is decorticated. 

A large circular saw, about 24 inches in diameter, 
is used as a topping saw. The roached back of the 
teeth of the saw are sharpened like knives. The 
saw is rotated backward, thus severing the tips of 
the stalks with a cutting action. The topped 
stalks should be short enough so they will not 
overhang the bedplate of the decorticator, and the 

saw should be placed so it will cut the stalks to the 
desired length. 

Spreader Table 

The spreader table usually is a continuation of 
the stalk conveyor. As a bundle comes to it, tlie 
string is cut and the stalks are spread to form a 
continuous mat several inches thick. It is advis- 
able to even up the butt ends of the stalks before 
the mat is formed. This may be done in any one 
of several ways: (1) In some plants the butts are 
evened by sawing, as described for the tips of the 
stalks; (2) in some plants a hand-operated butt 
board has proved satisfactory; (3) a mechanical 
butt board has been used with some success; and 
(4) an inclined table with a vibrating butt board, 
which has been developed for other fiber crops, 
should give good results with ramie. 

The topped and butted mat is placed on the 
spreader table so the grip ropes or chains that carry 
it through the decorticator will catch it as near the 
butt end as possible without missing stalks that 
are slightly out of line. In this way, about 70 
percent of the stalk (the tip end) will be decorti- 
cated in the first wheel and 30 percent (the butt 
end) in the second wheel. 

Four or five men are required on the spreader 
table, depending on whether or not one is used in 
the butting operation. 

Figure 15 shows several of the steps in handling 
ramie before decortication. 

The Raspador-Type  Decorticator 
As designed for henequén and sisal, the raspador- 

type decorticator consists of 2 drums, or wheels. 
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740A, 740B, 740C, 740D 

FiGXTHE 15.—Several views of the predecorticatiiig process: A, The unloading shed aud conveyor. Note the partly 
unloaded wagon trains in the foreground. B, Looking from the spreader table down the stalk conveyor. The three 
chains that move the bundles along can be seen in the foreground. Note the wagon trains on each side. C, Looking 
down the spreader table to the decorticator. The topping saw can be seen in the foreground, and the hand-operated 
butt board is swinging from the rafters. The man with the machete is cutting bundle ties; the men in the background 
are spreading the bundles into a uniform mat.    D, A uniform mat of bundles entering the first decorticating wheel. 

about 63 inches in diameter and 13 inclies across 
the face or rim. These wheels operate in conjunc- 
tion with a concave bedplate. 

Wheels of some of the decorticators, as adapted 
for ramie, are 70 to 72 inches in diameter. Speeds 
of 350 to 500 revolutions per minute are used, 
depending on the diameter of the wheels and the 
number of knives. The wheels of machines built 
around 1900 were equipped with 6 or 8 curved 
knives equally spaced on the periphery, and each 
wheel was supplied with 40 to 50 horsepower. 
Later models were equipped with 12, 18, or 24 
knives, and the horsepower was increased to 75 
or 100 horsepower per wheel. At least one 
installation is using 125 horsepower. The 
capacity of the decorticator is increased as the 
power is increased. The strength of the various 
parts of the machine, such as the frame and 
bearings, appears to be the major limiting factor. 

The functions of the knives are to strip off 
the leaves, to break up the shives, pulp, bark, 
and other foreign material, to rupture the bond 
between the fiber and these materials, and finally 

to remove them from tlie fU)(>r as it passes between 
the knives and tlie bedplate. 

The knives are curved to provide maximum 
clearance on the side where the stalks enter the 
wheel, which allows the thick mat to pass into 
the wheel witli a minimum retarding action. 
This is essential if large capacity is to be obtained. 
For the first inch or so, tlie knives are thick and 
rounded on the working edge. They gradually 
become thinner and sharper, and the clearance 
between the knives and the bedplate gradually 
diminishes. The knives are parallel to the bedplate 
for the last 5 or 6 inches, and minimum clearance 
is obtained. This clearance is adjustable but 
critical.- When ramie is fed at the rate of 30 tons 
of stalks per hour, a minimum clearance of 0.025 
to 0.040 inch for the wheel that decorticates the 
tip end of the stalk and 0.090 to 0.125 inch for 
the wheel that decorticates the butt end has 
resulted in well-cleaned, high-quality fiber with 
a minimum loss in the decorticating process. 

As the stalks enter the wheel, the thick, rounded 
edge of the rotating knives strip off any leaves 
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and stems and begin the operation of breaking up 
the skives and rupturing tlic fiber bond witli 
all foreign material. As the stalks are carried 
across the face of the wheel, the clearance between 
the knives and the bedplate gradually closes 
and the foreign material begins to slough off. 
The sloughing-off action is about complete by the 
time the fiber reaches the close clearance (the last 
5 or 6 inches). As tlie fiber passes through the 
close clearance, a tremendous pressure is exerted 
on it by the knives and bedplate. Any remaining 
shives, bark, and pulp, and some of the gums are 
expelled even though the layer of fiber is so thick 
that only the top surface layer is in contact with 
the rotating knives. The foreign material is 
spewed out of the fiber layer by the pressure. 

About 50 gallons of water per minute is required 
in each wheel to wash the fiber and fluslv out loose 
waste material. The fiber emerges on a rope 
conveyor dripping wet. 

FIGURE 16.—Fiber pattern in the raspador decorticating 
wheel during the decorticating process, as viewed under 
stroboscopic light. The knife is moving at the rate of 
7,000 feet per minute. 

The efficiency and capacity of the decorticator, 
and also the quality of the fiber produced, is 
affected by such factors as the rate of feed; the 
shape of the face of the wheel, and its diameter 
and speed; the number, height, thickness, and 
contour of the knives; uncontrolled air currents in 
the decorticating chamber; and the amount 
of water used. 

High-speed moving pictures and stroboscopic 
light have been used to advantage in studying the 
decorticating process in the raspador-type de- 
corticator. The high-speed movies have been 
valuable in revealing the action of the knives and 
grip ropes as the stalks enter the wheel. With 
ample clearance on the entering side, and a 
suitable wheel speed and knife contour, the stalks 
entered the wheel smoothly and progressed through 
the various stages of decortication with a minimum 
loss of fiber. 

The stroboscope revealed the behavior of the 
fiber in the wheel after the bulky waste material 
had been removed. Figure 16 sliows the decorti- 
cating knife under stroboscopic light. Although 
the knife was moving at the rate of 7,000 feet per 
minute, it appears to stand still. As the knife 
moves downward, the fiber is forced radially 
against the face of the knife until it reaches the 
bafile block. The fiber is then forced to fan out, 
and the foreign material is readily separated and 
discharged. 

Operation of the Machine 

In operation, the uniform mat of stalks is placed 
on the spreader table so the grip ropes or chains 
tliat carry it through the decorticator will catcli 
the stallis about 12 inches from tlie butt end. The 
stalks enter the decorticator tip first, and the first 
wheel decorticates from 60 to 80 percent of the 
stalk (tip end). As the fiber is discharged from 
the first wheel, it is picked up by an offset gripping 
device similar to the first. This occurs while the 
stalk is still lield in the first device. As the fiber 
moves on through the machine, the butt end passes 
out of the gripping device and into the second 
wheel, where decortication is completed. 

Waste Disposal 

As only fi'om 'A to 5 percent of the material 
l)rouglil to tlie ])lant is usable fiber, it is evident 
that waste disposal is a major operation in an\- 
central-station plant. The waste consists of 
shives, leaves, broken stalks that are not caught 
in tlu' grip ropes, bits of fiber scraped off with the 
bark, and some wisps of fiber and parts of stalks 
that are cut or torn off by the action of the knives. 
This conglomeration of waste, together with any 
grass and weeds that might have been harvested 
along with the ramie, is discharged from the end 
of tlie bedplate under the wheel into the stream of 
water supplied to wash the fiber. Except in or- 
ganic soils, this material should be composted and 
returned to the soil, as it contains more than '¿ 
percent of nitrogen, some potash and phosphorus, 
and also some of the minor elements. 

The decorticator should be elevated above the 
floor sufficiently to allow a waste conveyor to pass 
under each decorticating wheel. In some plants, 
the waste is flumed into a river or flowing stream 
that carries it away. This is ideal where no further 
products, sucli as waste fiber, are to be extracted 
from it and where it is not feasible to return it to 
the soil. In other plants, the waste is conveyed 
from the machine by a belt or chain conveyor and 
dumped into cars or trucks. Others use various 
types of flumes and conveyors of their own design. 

Figure 17 shows several views of the post- 
decorticating process. 
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FIGURE 17.—General views of the postdecorticating process: A, Discharge end of conveyor belt tliat brings waste material 
from the decorticator. The material is picked up by the grabhooks sliown at the right and distributed over a 10-acre 
area for composting. The large pile in the center is well rotted and is ready to be returned to the soil. B, In the 
background, fiber is coming from the decorticator and passing through the squeeze rolls. Men in the foreground are 
lianking the wet fiber and loading it on dollies. C, Spreading wet fiber on conveyor belt of drier. The fiber is spread 
parallel to the direction of travel. D, Removing and liauling dry fiber as it is discharged from the drier. The bundles 
are loaded onto dollies and taken to a tempering area. 

Squeeze Rolls 
In areas wltere rainfall or heavy dews are prev- 

alent during the harvest season, the fiber must be 
dried artificially. To do this efficiently, as much 
moisture as possible should be removed before the 
fiber goes to the drier. 

There are two accepted methods of removing 
excess moisture. One method uses a large centri- 
fuge, similar to those used in commercial laundries, 
with excellent results. Tliis metliod reduces the 
moisture content of the fiber to about 55 or 60 
percent. It is an intermittent, or batch, opera- 
tion. The fiber must be loaded into the tub by 
hand and removed by hand after the spinning 
operation is complete. 

The second method uses squeeze rolls.   Although 
390145—37 3 

this method leaves about 70 to 80 percent of the 
moisture in the fiber, it is preferred because the 
squeeze rolls can be operated continuously in the 
decorticating line. Several types of sqtieeze rolls 
are in use. A popular type has a rope spiraled 
on a steel drum for the upper roll and a lower 
I'oll of steel. Some Itave two rubber rolls; others 
have an upper roll of rubber and a lower roll of 
steel or cast iron. 

One of the most widely used, as well as one of 
the most efficient, types of squeeze rolls has an 
upper roll of rubber rings vidcanized to an iron 
core. Each ring lias a face widtli of 2 incites and 
a diameter of 16 inches. A series of these rings 
pressed on a heavy shaft forms the roll. Tlie rub- 
ber is vulcanized to about 120-durometer hard- 
ness, which is almost as hard as soft metal.   The 
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lower roll is of cast iron and is chrome-plated to 
prevent rust. A groove through its center will 
take a D-section, V-belt or a 1-inch rope. Pres- 
sure between the rolls is maintained by a pair of 
12-inch hydraulic cylinders operating at a pres- 
sure of 40 pounds per square inch. Conclusive 
research has shown that rolls with these conditions 
of hardness and pressure extract more water from 
the fiber and wear longer than other rolls. The 
top roll is set forward 15 degrees off the vertical 
line in order to nip the fiber against the conve^^or 
rope before contact is made with the lower roll. 
This increases the capacity and gives a more 
positive feed. 

Wet Brush 
The fiber coming from the squeeze rolls is matted 

and compacted into a dense mass that is practi- 
cally impervious to the flow of air (fig. 17, B). 
This compaction must be broken up before the 
fiber is placed in the drier; otherwise, the fiber fre- 
quently spoils because the outer layers dry while 
the inner layers remain wet. 

In commercial practice, the compaction is bro- 
ken up by shaking the fiber by hand. This is a 
laborious process, and frequently poorly separated 
fiber is placed on the apron of the drier. 

A meiîhanical (or wet) brush composed of 2 
drums, 14 to 20 inches in diameter, and a gripping 
device, such as a rope-sheave combination, is used 
effectively to loosen and fluff other fibers. As the 
rope-sheave grip carries the fiber along, it is draped 
over the drums rotating upward at about 325 revo- 
lutions per minute. The beating, shaking, brush- 
ing action removes large quantities of pulp, loose 
bark, and other foreign material, loosens the com- 
pacted fiber, and removes up to 20 percent of the 
moisture. When the resulting fiber is spread on 
the drier conveyor, the hot air can pass through 
it readily. 

Experimental work at the Everglades station 
indicates that the capacity of the drier would be 
increased and the quality of the fiber would be 
improved by placing a wet brush in the ramie- 
fiber processing line between the squeeze rolls and 
the drier, as shown in figure 14. 

Drying 
In areas where dry weather prevails during the 

harvest season, natural air drying is adequate and 
in some cases desirable, as the bright sunlight 
bleaches the fiber and improves its color. How- 
ever, in most areas where ramie grows well, in- 
cluding the Everglades, wet weather prevails 
throughout the harvest season, which makes it 
impossible to dry large quantities of fiber in the 
open air. 

Driers develcped for various other products have 
been modified and adapted to drying fiber, prin- 
cipally sisal, abaca, and ramie.   The air for drying 

may be heated by passing it through fin-tube steam 
radiators or heat exchangers, or by passing furnace 
gases directly into the drier. 

Driers capable of turning out 1,000 pounds or 
more of dry fiber per hour range in width from 8 
to 12 feet and in length from 75 to 100 feet or more. 

One type of drier has a conveyor belt or apron 
of open wire mesh or perforated metal slats sup- 
ported on chains. A mat of wet fiber 1 to 3 or 
more inches thick is spread on the conveyor, as 
shown in figure 17. Although the fiber may be 
placed either across or along the belt, better 
results are obtained if it is placed longitudinally. 

Another type of drier uses buckets or cells with 
perforated bottoms supported on chains. A speci- 
fied quantity of wet fiber is placed in each bucket 
and hot air is forced through it as the bucket 
moves through the drier. The fiber is placed 
perpendicular to the direction of travel. In other 
respects, the two types are similar. 

As the fiber moves along through the drier, 
heated air is forced through the mat. The air is 
recirculated until it becomes too humid for further 
drying. This humid air is then discharged at the 
feed or wet end of the drier. Fresh air is brought 
in at the discharge or dry end of the drier, and it 
moves forward as it is recirculated. 

Most driers are equipped with two or more 
temperature controls. Air temperatures of 300^ 
to 400° F. are maintaiued in the wet or feed end of 
the drier. As the fiber moves through the drier, 
the temperature is gradually reduced. The last 
section of the drier should be at atmospheric 
temperature, thus giving cool fiber at the dis- 
charge end. Most driers are equipped with a 
variable-speed drive to insure correct time in the 
drier for the fiber at hand. This usually ranges 
from 15 to 30 minutes. 

Three-Stage Drying 

Overexposure to high temperatures and over- 
drying cause permanent injury to some fibers. 
Numerous tests have been made at Belle Glade to 
determine the maximum temperature and drying 
time to which ramie fiber can be exposed without 
injury. Results of these studies led to the con- 
struction of a three-stage pilot drier (fig. 18). 

In the first (or heating) stage, the air has a high 
humidity and a high temperature. Live steam 
can be admitted to this section if the small amount 
of moisture given off by the fiber does not maintain 
sufficient humidity. In this stage, the primary 
purpose is to heat the fiber. In the second (or 
drying) stage, high temperature and low humidity 
bring about rapid drying. As the fiber approaches 
dryness, it moves into the third stage, where cool- 
ing and moisture equalization take place. The 
fiber is discharged at atmospheric temperature. 

Heat for the drier is supplied by an oil-fired, 
40-horsepower boiler with a working pressure of 
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THREE STAGE FIBER  DRIER 

FIGURE 18.—Longitudinal section of three-stage pilot drier showing the position of steam radiators in relation to the 
conveyor belts. 
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THREE STAGE FIBER DRIER 

FIGURE 19.—Sectional views of the three-stage pilot drier showing fan arrangement and air flow in the various sections. 

100 pounds per square inch. The steam is sup- 
plied to fin-tube radiators in the drier, arranged 
as shown in figure 19. Air is circulated through 
these and then through the fiber. The amount of 
recirculation is controlled by a damper in the dis- 
charge stack, which opens underneath the fiber 
conveyor. In the second (or drying) stage, the 
gases from the boiler furnace may be discharged 
up the stack, or into the suction side of a fan. In 
this way, maximum use of the heat in the fuel is 
obtained. 

Fire Control 

In   any   type   of   drier,   whether  it   is   heated 
directly by furnace gases or by steam, cleanliness 

is the best method of fire prevention. The drier 
should be kept spotlessly clean inside and out. 
Fan housings, ducts, and all inside areas of the 
drier should be cleaned daily. This can best be 
accomplished by compressed air. Bits of fiber 
wound around the fan shafts or blades should be 
removed. Pulp, bark, and bits of wood are 
easily blown out by air. Dry fiber should be 
stored in a separate building apart from the furnace 
and the drier. 

Even with the best precautions, fire will oc- 
casionally break out in the drier. When this 
occurs, all power should be shut off on the drier, 
and the fans and conveyor belt should be stopped 
until the fire is under control.    Then, before the 
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drier is put in service again, the conveyor should 
be started and the drier should be emptied and 
thoroughly cleaned. If these precautions are 
followed, fire hazards will be kept at a minimum. 

Tempermg 
Kamie fiber can be stored and baled safely 

with a moisture content of 10 or 12 percent. 
Because of difference in thicknesSj the hanks of 
fiber do not dry uniformly in the drier, and a 
tempering period of 24 to 48 hours is needed to 
dry any wet spots and to allow the moisture con- 
tent to become uniform. For this reason, the 
fiber usualh^ is dried to a moisture content of 
about 2 percent. In this condition, it will be 
very brittle and weak. If the overdried fiber is 
placed in a humid atmosphere for 24 to 48 hours, 
it will regain up to 10 or 12 percent of moisture 
and it will also regain toughness and strength. 

Balins 
Several manufacturers make equipment espe- 

cially for baling long fibers. Also, equipment 
made for baling other products, such as rags and 

paper^ can be readily adapted for use with long 
fibers. Because of their flexibility and ease of 
operation, hydraulic presses are very satisfactory 
and are widely used. 

Bales of fiber vary in size, density, and weight. 
Bales of ramie fiber made by one Florida producer 
are approximately 12 by 36 by 54 inches in size, 
weigh about 55 pounds, and have a density of 
12.75 pounds per cubic foot. 

In order to avoid excessive charges, fiber for 
export should be put up in bales that conform 
in size, weight, and density with the requirements 
of the shipping company that will handle them. 

Power Requirements 
Electric motors are the only satisfactory source 

of power for the machines in a production line 
as shown in figure 12. When commercial current 
is not available, it has been found economical to 
install a generating plant. 

Power supplied to the various machines varies 
widely in different plants. A survey of a large 
number of domestic and foreign plants using the 
same general machine layout shows the following 
variations : 

Machine 

Unloading conveyor  
Spreader table  
Cutoff saw  
Gripping devices  
First decorticator wheeL_. 
Second decorticator wheel 
Squeeze rolls  
Wet brush  
Waste conveyors  ^ _. 
Air compressor  
Baling press, mechanicaL. 
Baling press, hydraulic  
Drier  

Horsepower 

Minimum.   Maximum 

W2 
W2 
5 

60 
75 
7H 

30 
7M 
73^ 

100 

Type of motor 

5 
5 

10 
15 

100 
125 

15 
5 

60 
35 
10 
20 

185 

Gear motor—high torque. 
Do. 

Repulsion-induction. 
Gear motor—high torque. 
Synchronous motor. 

Do. 
Gear motor—high torque, 
Repulsion-induction. 
Gear and repulsion-induction. 
Repulsion-indu ction. 

Do. 
Do. 
Do. 

When steam is the source of heat for the drier^ 
the boiler should have a capacity of 150 to 250 
horsepower. Oil burners, waste pumps, and other 
auxiliaries will use 15 to 25 horsepower, heat ex- 
changers and direct-heat furnaces will use about 
the same, and exhaust fans and other auxiliaries 
will use another 10 to 25 horsepower. 

Connected load requirements for operating the 
plant may vary from 300 to over 500 horsepower. 
In general, the more power a plant has, the higher 
its production rate. 

Overall manpower requirements range from 35 
to 100 men for a single shift of 8 or 10 hours. 

DEGUMMING 
Depending on the method of decortication 

and washing, crude ramie fiber as it comes from the 

decorticator contains from 20 to 35 percent of 
nonfibrous material, mostly gummy pectin com- 
pounds, cortical tissue, and bits of shives. The 
process of softening the gums that bind the fibers 
together and freeing the fiber from the surrounding 
tissue is known as degumming. It corresponds 
to retting in the preparation of other bast fibers. 

If an appreciable quantity of shives is present, 
the fiber should be burnished or brushed to remove 
them before it is degummed. The so-called donke}" 
brake—a double pair of reciprocating fluted rolls 
used in connection with flax processing—does an 
excellent job of breaking and shaking shives out 
of ramie fiber. Some modification of this may 
be adapted to the processing line if field, ribboning 
is successful. 

Most manufacturing processes require complete 
removal of the gumm}^ material before the fiber is 
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FIGURE 20,—Layout for pressure-type degumming plant for ramie fiber. 

combed and spun. Manufacturers in Europe 
and Japan have developed special degumming 
procedures to suit their own needs and they buy 
only crude fiber in the open market. Many 
American manufacturers have shown an interest 
in ramie in recent years, and they are doing experi- 
mental work in tooling to spin the fiber. Most of 
the American processes being developed require a 
stapled and completely degummed fiber. For the 
American market, therefore, it appears that de- 
gumming will have to be done either by the grower 
or by some intermediate agency for a group of 
growers. 

Kesearch has shown that ramie fiber can be 
degummed satisfactorily by applying any one of 
a large number of combinations of chemicals to 
the decorticated fiber to dissolve the gums.^ When 
the gums are completely dissolved, the mass is 
neutralized and the residues are removed from 
the fiber. This procedure requires considerable 
knowledge and skill in the use of chemicals. 

The fiber may be degummed by a series of 
chemical treatments in open vats (batch method), 
or it may be carried through the various treat- 
ments on a continuous-fed conveyor. A pressure- 
type digester, like that used by the paper industry, 
offers a method for degumming ramie fiber that 
could be added to the processing line in a central- 
station decorticating plant (fig. 20). This is 
essentially a batch process. However, the digester, 
which is the key machine, can be made large 
enough so that 5,000 to 10,000 pounds of fiber 
can be degummed per batch. All chemical treat- 
ments, including neutralizing, washing, and soften- 
ing, are completed before the fiber is removed 
from the digester. 

As shown in figure 20, the crude fiber first goes 
through the burnishing machine. This removes 
shives and bark from the fiber before it is stapled, 
and also straightens out overlapping and tangled 
ends. Either full-length fiber or fiber stapled to 
any desired length can be degummed in the 
digester. 

Ö See footnote 4, p. 7. 

The fiber is loaded into the digester and the 
chemical formula is added. The digester is 
closed, and steam pressure is built up to 40 to 60 
pounds per square inch, or more. The pressure, 
temperature, and agitation due to the rotation of 
the drum cause the chemicals to penetrate to all 
parts of the fiber, which completely dissolves the 
gums or converts them into water-soluble com- 
pounds. 

After the digesting action is complete, the mass 
is neutralized and the fiber is washed thoroughly. 
A textile softening oil may be added. 

The wet fiber is then centrifuged to reduce the 
moisture content about 50 percent. (The centri- 
fuge is similar to those used in laundries.) After 
centrifuging, the fiber is matted and pressed 
together and it must be opened and fluffed up 
before it can be dried successfull}^ A picker- 
opener similar to those used in wool-scouring 
plants is used for this purpose. 

The same type of drier and baling equipment 
used in the decorticating plant is satisfactory for 
degummed fiber. However, lower temperatures 
must be used in the drier if a softening oil was 
added. Also, the baled fiber must be covered to 
keep it clean. 

SUMMARY 
Efforts to establish a ramie industr}^ in the 

United States have resulted in considerable 
progress toward complete mechanization of the 
planting, growing, harvesting, and decortication 
of the crop. In most cases, machines for other 
crops have been altered or redesigned for use with 
ramie. Satisfactory plantings have been estab- 
lished from root cuttings made by a modified 
forage harvester and planted with a transplanter. 
A usable binder that will cut the stalks and tie 
them into bundles has been made by attaching the 
binder head from a hemp pickup binder to a hemp 
cutter. The bundles can be loaded onto wagon 
trains by a crane-type loader equipped with 
grabhooks. 
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Plantings of 2,500 to 3,000 acres are feasible 
where the fiber is extracted in a centrally located 
plant using a large-capacity, raspador-type de- 
cor ticator equipped with the necessary auxiliary 
machinery for feeding the stalks into the decorti- 
cator, removing the waste, and squeezing, drying, 
and baling the fiber. 

Mechanically decorticated fiber contains from 
20 to 35 percent of gums and other foreign ma- 
terials that miÄst be removed by chemical treat- 

ment before the fiber is ready to spin. This 
treatment is called degumming. Manufacturers 
in Europe and Japan buy only crude fiber from 
the Florida producers because they have their own 
processes and facilities for degumming. Most of 
the spinners in the United States require a stapled 
and degummed fiber. To supply the American 
market, degumming will have to be done by the 
grower, or by some intermediate agency for a 
group of growers. 
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