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THTRODUCTION

Bulk curing [See for example, (1), (2), (3), (&), (5), (6)] reduced
the labor requirement at the curing barn and opened the way for fully mech-
anized harvesting. With the acceptance of nonaligned leaf, came acceptance
of a mechanical primer [See for example, (7}, (8), (9), (11), (12), (133 ]
vhich primes the leaves from the stalk, and conveys them to a trailer
carried on the rear of the machine, When f£illed, this trailer is taken Lo
the curing barn, where the leaves are removed by hand, or with short tine
pitchforks, and placed in bulk racks., The racks weigh 100-150 lbs,
(45.4-68.1 kg) loaded, and are placed in the barn by two men usually with
an clectric hoist mounted on a swing arm over the door.

The primer is very efficient in removing and collecting the leal
material, A standard rack loading crew (two rack fillers and two handlers)
often canmot handle the material at the same rate it is harvested, espe-
cially if the field-to-barn transport distance is short. DNot only is load-
ing a problem, but unlpading the cured leaf is a time consuming operation
requiring many individual activities. The objective of this atudy Ls to
develop a materials handling system which will facilitate the leading and

unloading of bulk curing barns,

=~ —

Georgia has over 5000 bulk barns, the vast majority of which have

been built in the last four years. It does noL seem practical to design

any éysieﬁ which will make these facilities obsolete. Any container to
replace bulk racks must maintain a material distribution compatible with the
air volume and static pressure in a bulk barn. It is desirable, but not
eritical, that the containers be designed such that an integer number will
completely £ill the space in a standard barn.

Suggs (10) has studied a large rack [approximately & x & x 3 It

(1 ft = 0.3 m)] to replace bulk racks. With his system a hoist mounted on



a rail runmning the length of the barn was used to move the units inte the
curing chamber. A tobacco equipment manufacturer used the same handliaog
procedure Lo handle racks [approximately 10 x 5 = 2 fc (1 ft = 0.3 my),
which were sized to occcupy the entire cross section of a standard two-ToOm,
three-tivr portable barn® . The racks in these two systems are light enough
when empty to be handled by two men, and two men can use the hoist and rail
to load the barn. Mancuverability of the empty racks and low equipment
investment in the hoist are obvious advantages of these systoms,

The decision was made to design a system which would use forklift
equipment to handle the curing uni?s, bath in the field and in Lhe barn.
Forklift availability was constrained to equipment designed for utility sise
(35-50 hp) farm tractors, and used primarily for pallet handling in fruil
and vegpetable harvesting. This constraint limits the rotal weight of the

loaded container to 1500 1bs (GB1 kg).

CONTAINER DESIGN

Container height in the curing position was [ixed at & ft (1,8 m), the
maximum height for bulk curing found by Shepherd®, and width was fixed at
approximately 5 ft (1.5 m) by the cenveyor targel area in fhe leading con-
figuration (Fig, 1). A preliminary test showed that it was difficult Lo
maintain & uniform density for a 4 fr (1.2 m) depth. The material settled
and formed a positive density gradient from top to bottom, It was decided
to use a design depth of 2.5 ft (0.75 m), as this would equate the con-
tainer spatially in the curing position Co six bulk tracks, two on the
bottom, middle and top tiers,
! personal Communication. Mr. W. 5. Wood, Project Engineer, Long Mig. ¥. C.

inc,, Tarboro, North Carelina.

2 personal Comgunication. Mr, J. L. Shepherd, Head Agricultural Engincering

Department, University of Georgia Ceastal Plain Experiment Station.
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Figure 1. Container in curing and loading positioms.




The tobacce must be supported in the container during the cure. Steel
tubing [0.5 in, (1,25 cm) 0.0,, 0,375 in, {0.94 em) 1.D.] was welded to a
bar to form a tine unit., Rods were fixed to the ends of the bar, and these
were inserted in the square tubing usced in the wall construction of the con-
tainer (Fig., 2) Lo guide Lthe bar inte place, A hinged vail (Fig. 2) capturad
all bars simultaneously as it was locked dowm. This rail formed part of the
rim around the front of the container which mated with the rear of a preced-
ing container, and thus scaled the bottom and sides between containers in
the curing chamber.

A pallet was built to protect the containers from the impact loads
experienced during field handling, The containers could be econstructed with
less material, and therefore, at a lower cost by incorporating it into the
system. Wote the sloped guides (Fig, 3) to sclf-align the contalners. Also,
there are puides underncath to facilitete aligument when the unit is picked
up with the three point hiteh 1ift (Fig. 4) used in the field. The fork
arms of this 1ift fit inte a slot formed by the guides (Fig. 5)i this
locked the pallet in plaece so it could not be thrown from the 1ift, A hy-
draulic cylinder used as the third link on the three EninL hiteh 1ift gave

the tilt capability needed for vertical maneuvering.

METHOUE ANTY MATERLALS

Tobacco was prowvm by & coo?erating farmer using culturﬁl practices
recommended for machine harvest. A commercial, unmodified sutematic tobacco
primer was used to fill the containers, For the first and sccond primings,
a worker statiocned between the vertical conveyors on, the machine used a
short handle pitch fork to distribute the tobacco as it fell into the con-

tainer, During the third and fourth primings redistribution was done at

the end of & row where Lhe container was lowered, and the mounds which had



Iotmed under each conveyoer were leveled by hand.

A smal) bulk barn was modified by removing the deying floor and re-
placing the interior wall with an 8 in, (0.%2 m) high foundation, & similar
foundation was placed sgainst one exterior wall., Steel channel was [astened
to the top ol the foundations Lo provide a s1iding surface for the pallet
rumers on the bottom ol the containers, TFive containers were pushed
together on Lhe channel rails to [H11 the curing chamber, and the door
sealed apainst the Front container when closed,

Tines are a major cost factor in container comstructicm, and tine
handling is a majer labor requirement in a containerized system. To deten-
mine the minimum number requirved, tests were conducted using &, 5, 6 and 7
tine bars per conteaincr, The top and h:}ILT_um bara were positioned 5 in.
{12.7 cm) from the ends, and the intermediate bars were spaced 10, 12, 15
and 20 in., (1 in. = 2.5 em) respectively.

The tine placement station was orpanized at the edpge of the Field,
gince it was necessary to minimize travel with the tobacco unsupported in
the container, A field transporter using the three peint hiteh 1ift brought
a full container-pallet [rom the [ield, and picked up &n empty, The Line
gtation operator using & forklift mounted on the rear of a utility size
tractor, tremoved the loaded container from the pallet, inscrted the tine
bars one at a time (Fig. 6), rotated the container onto its edge (Fig. 1),
and placed it om a flatbed truck; He then remeoved an empty container from
the truck with the forklift, and placed it on the pallet in preparation for
the next éxchange by the field transporter. (The empty containers weighed
340 1b. (154.4 kg), so it was not practical te handle them by hand).

To cbtain container weights, and thus evaluate loading variation, a

single container was weighed on platform scales prior to placement in the



Figure Z. Tine bar sliding in guide, Figure 3. Pallet for field trans-
port of containers.

Figure 4. Three point hitch 1ift Figure 5. Fork arms locked into
used for field transport, place under pallet,

Figure 6, Tine bars being placed Figure 7. Container rotated onto
in loaded container. edge for Cransport Lo curing barn,
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curing chamber., Comparison of the cured and grecen weights gave the moisture
. percentage, and this was used to obtain the green weights from the cured
weights [or Lhe unwedpheéd containers,

To unload the barn, the containers wers removed and put in the same
configuration used at the tine placement station. The tine bars were
placed dircetly on a pick-up truck Iveme Tor Lransport back to the field,
and the emply vontainers were loaded on the [labl bed Lruck, Cured leal was

wrapped in burlap sheets for marketing in the conventional mannet,

Data Collection

A variable speed drive was in;rﬂll;d on tﬂu fan=Turnace unil, (Powell
Model 02) used to supply heated air to the pr.lvnum [13 = 46 in, 0,32 x 1,17 m) ]
formed by the foundation walls. To cobtain airflow curves for variocus fan
specds, the plenun was enclosed so that flow was directed through a gate or
reatriction, and exhausted through 12 in, (0.3 m) scetion of £low atraight-
ener maberial (Fig, 8) with 0.25 in. (6.2 cm) diameler cores, The gale was
manipulated to vary static pressure measured with a manometer, The airllow
at the {low straightener was surveyed at 12 points with a thermo-ancnomeley
{Alnor), and the average point velocity was multiplied by plenum area to ob-
tain volume flow.

The center coutainer was imstrumented with 108 copper censtantan
thermocouples Lo measura temperature distribution during the cure, Three
grids (Fig, 9) with =ix columns of six thermocouples each were spaceéd in
the container, 4 in, (10 cm) from the bottom, in the middle, and & in.

{10 cm) from the tep a5 the container was hand loaded in the field, 1In the
barn, the thermocouple leads were counccted with multipeoint plug extension

cables to a terminal board in an instrumcnt room adjoining the curing

chamber, Here the voltage across a cold junction compensator (CHMECA MODEL CJ)
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was meagsured with a digital volt meter as individual thermocouples were

switehed into the eircuit by hand,

RESULTE ARD DISCUSSION

Very few problems were encountered with the handling system, The
comtainers could be handled empty or loaded with the equipment described,
The rear mounted forklift used at the tine placement station was somewhat
awkward because of iwmpaired vieibility, A fronlL mounted unit would have
heen more satislactory.

The pallet and three point hitech 1ifc worked well. The self atipn-
ment: guides guides were particularly helpful during exchange of empty and
full containers on Lhe rear of the primer, It would have been preferable
f;r the primer to lower a loaded container-pallet at the end of the row,
and pull out frow under it, so that after making a 90° turn, the empty lift
would be presented to the tracter backing up to it with an empty container-
pallet. However, the primer 1ift would not lower all the way to ground
level: thus, the tractor operaztor had to drop his empty pallet, remove the
full one from the primer, drop it, pick up the empty and place it on the
primer, and then pick up the full one [or Lransport to the tine statiom, A
gimple modification to the primer lift would eliminate this prohlem,

One man could easily press the tine bars into pesition, and the

inged rail remaiuned locked even when the vontainer was rotared completely
over on its face, The option of having =211 the tinc bars fixed together in
one unit was rejected because it would take two men to handle such a unit,

and some type of press would probably be required to force it into the con-
tainer. Handling was facilitdated by having the bars aligned on the pick-

up truck frame, and the tipne placement statiom osrganized such that the

worker could pick one up and step directly onte the container anpd put it
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into position,

Tobacco was cured four times in the contaimers, Cures 1 and 2 were
used to adjust airflow and [inalize design of the temperature data collee-
tion system, tbus data is presepted for curcs 3 and 4 enly. The final
hayvesting was cured by the farmer in his own baras.

It was determined that 5 tine bars will adequately support Lhe tobacco
during curing., When only four were used, sowme tobacco fell from the front
of the container as it was handled,

The weight of tobacco leaded in each container is given in Table 1.
The weight of container 4 during cure 3 was L3 above the average, and It
was the last to dry. ‘The distribution for cure 4 was slightly improved;
eomtainer 2 had the major weight deviation having 9.5% less tobacco than
the average, All containers appeared to finish drying at approxiwately the
same time during cure 4, From this limited test, it scems that containers
field loaded to within + 10% of the average density can be successflully

cured,

Table 1. Container weight distribution,

Cure 3 (1bs)* Cure 4 (1bs)
Cﬂﬂtﬁ}ﬂﬂl Mo, Creen Cured Green ‘Curaed

1 &40 78 600 116

2 480 85 320 100

3 4390 57 575 111

d 5340 95 580 112

5 G40 78 575 111
A, 478 253 570 110

b

1 1b = 0,4530 kg
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The minimun fan speed obtainable with the variable speed drive,
185 rpm, was used for cure 3, When iL was obscrved that the curing time
was being unacceptably lengthened, the speed was incredsed at 144 hours to
250 rpm, and held at this point until stem drying was completed. For cure
4 the Lan speed was increased to 250 rpm at 62 hours., This reduced the total
teaf and stem drying time by 14 hours, and thus reduced the total cure time
to 148 hours, a normal 6 day cure.

A ptatic pressure of approximately 0.05 in. (0.13 em) water was med-
surcd in the plenum under the middle container during reordering which is
the time of maximun airflow throuph the.tobaceqg., Referencing the airflow
curves (Fig, 10) the maximum flow at 185 rpm was 2850 CFM (77 m®/min}, or,
expressed in terms of exposed tobacco croes section 50 CRM/LE® (15 w? fmin/m™),
At 250 rpm the maximwn flow was 4400 CFM (119 m® fmwin), o, 75 CFM/ft®
(22,5 m® /min/w®), [This compares with 74 CFM/ft® (22,2 a” /min/m™) obtained
from manulfacturer's data for a commercial three-ticr bulk barn (Fowell
Model 88), ]

Containerized curing represents a slightly different material distri-
bution as compared to curing in bulk racks. With bulk racks there ia some
epportunity for redistribution of airflew between the tiers, The thermo-
couple grids permitted a study of the drying front movement through the
.:':cm!_'ﬂ}_ners,

The average temperature at the top Tp and bottonm Ty, of the test

(Ne. 3) container is, in general,

6 o
o= B F by i=6 (13
P D e LiNE

6 3
T, = © § ¢t i=1 (2)
b

591 kel ijk/18

where
tijk is the thermocouple reading corresponding to a given row
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and column location, and the third subscript, k, refers te the grid number
teading Erom front to rear (from the deor Lo the furnaece) in the container,
The temperatures in c¢olumns 1 and 6 were Ifound to be slightly higher doe

to more rapid movement of the front along the walls. To obtain & wore
representative average top and bobttom temperature for the mass, these
columne wore eliminated. TFor example, in considering the averages far

grid 2 alone

5 ;
Tow = B S5 di i =6 (3)
p _.=2 J.l]""!r -k NES 2

i
Too = B G fs i=1 (4)
b2 " Lik/4 kw2

The slow drying rate during cure 3 is revealed by plots of sz and
sz vestus time for cure 3 (Fig. 11) and cure 4 (Fig. 12). Mote that theo

return air temperature is greater than Too until leaf drying is completed,

p
fundicating a wet bullb depressiom between the undried TeaFf and the return
air, ‘The thermocouple temperature hefween two undried leaves is essentially
a wet bulb temperature, A

In Tabhle 2 tﬁe temperature difference (AT = ThE - Pz} during cure 4
is compared with that found by Sykes (14) for two-tier bulk curing. The

magnitude of the container AT is greater because of the greater curing

deptl; hiowever, the distribution with time is guite similar.
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Table 2. Comparison ol Lop-botLom temperature differences for two-tier
bulk and containerized curing.

] o

Temperature Difference, AT, F7
Two=-tier Containcrized
Hour Bulk Curing” Curing
&40 b 10
44 5.5 10
&8 & 12
52 10 L4
h6 12 17
ol 12 14
G 15 20
H8 12 ’ 21
712 11 20
70 13 i 23
Eilt 17 21
1 18 " 24
BE 13 149
92 9 13
90 5 13
100 5.5 12
104 4 Lo
108 1 0
112 1 &
116 = ]
120 - N
* bl—: - '5 DF,J":J‘

2 fable 7,1 Tewpersture differentials for cure number 3 (values in “Fy,
Sykes (14). ;

. Puring field loading and handling the tobacco at the bottom (in the
back in the curing position) was compressed to a greater density. This
effect was nolL expected te be very gresr for the hand leaded test container;
however, il was mcasurable. Comparisen of the top and bottom average temp-
eratures from equations (3) and (%) for the three grids duving cure 3
(Fig, 13) and cure 4 (Fig, 14) shows that the front tobacco teaded to dry
before the center, which dried slightly before the back tobacece, This
phenomenon was accentuated by the slow drying rate in cure 3, and, was also

observed in cure 4, [Note particularly the differences between grids 1 and 2
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(Fig, 14),] It was observed that the harvester loaded containers dried
generally from front to rear, and the section 6 - 8 in. (13 = 20 em) frawm
the rear was the last to dry,

In cure £ it was observed that tobaces along the container side walls
dried first. Prior to curc 3, a 4 iun. (10,2 cm) baffle was placed in the
plenum end of the container to direct airflow away from all four cdges
toward the center. These baffles, improved drying and wider babfles ashauld
be evalvated in future work to optimize the design.

Movement of the drying frent up through the test container during
curve & was vrovealed iy pletting average temperature for.each row of thermo-
couples in grid 2 versue time (Fig. 15), The time of intersection of the
row temperature curve (denoted by Lhe cireled numbers, Fig., 15Y with the
composite tecuperature curve for the rows beneath it, was taken as the Lime
the drying front had reached that level, Above the row 7 levsl the front
moved linearly with Lime throuph the container,

In cures 3 and 4 all the tobacco dried, and no wet arcas resultling
from nonuniform loading were found., No scalded tobacco resulted from the
slow drying rate in cure 3, The only damaged or discolored tobaceo was
that which hung down from the end of the container into the plenum,  This
tobacco was expased directly to the heated air, and began to dry belore the
cniymatic activity associated with leal coloring was completed. Wealied
burlap bags were placed in the plenum in an attempt to keep the humidity

up, biut this was not effective,

SUMMARY AND CONCLUSIONS
Tobacco was successfully cured in 68,7 ft% (1.85 w®) containers

loaded to a density of 8.4 Ib/1t® (141 ke/m®) with a conventional automakbic
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Fipure LA,  Averape row Lemperature io erid 2 during cure 4,
(Circled numbers refer to grid rows),
tobacco primer, Five tine bars wich 0.5 in. (1.3 em) 0.1, tubing spaced
9 in., (?3 em) apart were vsed to support the tobaceo. The containers were
handled with tractor mounted forklifr equipment with a 1500 1b, (0680 kg)
1ift capacity.

Measurement of temperature {I'F_.i:rrihut:-inn throurhout the containcrs
rovealed the expected drying front movement from boftem te top, L was
also found that the container front (top in the loading position) dficd
betore the back (bottom in the leading position), 'his wasz due Lo packing
during field travel which caused a positive density gradient from top Lo
bottom, Baffles were placed in the plenum end of the container btoallewviate
this preblem.

Two air capacities, 50 CRU/£t® (15 n°/min/m®) and 75 CPu/LE®
(22.5 g [min/w®) were evaluated. The lower flow was sufficient Lo cure

the tobacco:; however, the time required was greater than the normal § day

cure, The higher flow was sufficient for a & day curing cycle,



10,

135

12,

1.3

14,

19
REFERENCES

Hassler, F, J. Theorectical identification eof a critical temporature-
moisture relation in foliar drying. Trans, of ASAL 2:48-51,

Hengon, W. W, Jr., F. J. Hassler and W. H. Johnson. Yellowing flue-
cuored tobacco in the bulk, Tob, Sci, 2:23-28, 1958,

Bumphries, E. G. and W. H., Johnsen., Compartmental hulk curing facil-
ities [or utobacco research, Tob, Sci, 8:96=100. 1904,

Johneon, W, 1, Influence of harvesting and procesd variables on hulk
curing of bright lcaf tobacco. Trans. of ASAE 8(3):354-357, 1965,

Johusen; W, H, and . M, Cary. Autowatic euring of pright lecaf
tobacco, ‘Toh, Sci, 12:1681-185, 1968,

Johnron, W, H,, W, W, Henson, Jr,, F, J, Hassler and R. W. Wathkins.
Bulk curing of bripht leaf tobacco, Tob. Scf, &4%9=-55, 1960,

Splinter, W, E, Tebacto Harvester, U.S5, Patent No, 3,903 842, 1963,
Splinter, W. E., €. W. Suggs and E. L. Howell., Field operation of a
mechanical harvester for tobacco, Tob., Sci, 12:95-104, 1068,

Buges, C. W, Mechanical harvesting of flue-cured tohaceo 1. Leaf
vempving devices, Teb, Sei. 14:35-3%. 1972,

Supps, €, W, Use of larpe hulk racks to reduce barning laboar, Annual
report of accomplishments of tobeceo rescarch in North Carelina.,
Horkh Carolina State University, Raleigh, Korth €Carcolina, aApril 1;
1973 = March 31, 1974,

Suggs, C. W. end W. E. Splintex. TFactors affecting the design of the
finper bar and knife tohaecco defolizbors, Trans, of ASAE 10(2):
204-209, 1057,

Supgs, €, W, and W, B, Splinter, Mechanical harvesting of Elue-cured
tohacco TPart 2. Mechanical leaf alignment. Tob. Sci. 14:1249-133.
1972,

Sugzgs, €. W. and R. W. Wilson. Tobacco Priming Device. U.5. Patent
Mo, 2,834,174, 1958,

Sykes, L. ¥. Principles in the antomation of bright leaf tobacco
curing, Unpublished M,5, Thesis; North Carelina Stcate University,
Raleigh, Borth Carolina, 1968,



