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There is much current interest in improv-
ing materials handling in commercial green-
houses. Two areas of concern are reducing
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greenhouse transport system, moving benches, automated

labor costs and maximizing bench growing
areas. Transport of materials is labor inten-
sive in the conventional bench-and-aisle
greenhouse, and the loss of bench growing
area to walkways is costly and inefficient.
Transport of materials in greenhouses has
been accomplished with conveyor belts (2),
various rail systems (1, 2, 5), and movable
growing tables or trays (5. 8). Conveyor
rollers have long been used to transport ma-
terials for numerous industrial and ware-
housing operations (3), but corrosive
conditions in greenhouses and high cost have
discouraged their use. Recently. a sophisti-

cated powered roller conveyor system has
been used in a greenhousc operation for cen-
tralized shipping (8).

Use of greenhouse space has been im-
proved with methods ranging from simple
benching arrangements 1o the use of complex
devices such as the Ferris wheel (6). Lat-
erally moving bench systems have also been
devised to eliminate aisles (4. 6. 7).

The intent of this project was to devise an
economical, corrosion-resistant greenhouse
bench that can be loaded from one end and
transport seedling trays to the other and pro-
vide maximum use of greenhouse area.

This paper describes the design of a sim-
ple roller conveyor bench system constructed
with readily available building materials that
are corrosion and decay resistant. The bench
system is designed to hold and transport a
continuous bed of expanded polystyrene
seedling trays (34 X 67 cm) loaded to 20
kgm-2, hereafter referred to as a load factor
of 1.0.

TMlustrations of the roller conveyor bench
system are shown in Fig. 1. Seedling trays
are placed on one end of the roller bench and
pushed down the line by each additional row
of trays. Trays are then collected from the
opposite end when they are ready for trans-
planting. Rollers consist of 1.4-m lengths of
10-cm diameter polyvinyl chloride (PVC)
drain pipe (ASTM D-2729). End plugs were
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Fig. 1. An illustration of a polyvinyl chloride {PVC) roller conveyor bench.

fabricated from 1.9-cm thick treated ply-

wood, with drilled holes (1.3 cm) as the

bearing surface. Plastic end plugs with bush-

7L e O SLOPE ings were commercially available only for

schedule 80 pipe with diameters up to 7.5

cm (Ralphs-Pugh Co., Benecia, Calif.).

o 1% SLOPE Rollers were suspended between wooden

frame rails with 9.5 mm X 1.5-m long, cold-

e 2% SLOPE rolled steel axles. The 5 X 15-cm treated

s | . frame rails were supported by wooden posts

at 3-m intervals. To eliminate upsetting of

the trays between rollers, the maximum sat-

isfactory spacing between rollers was deter-

mined to be 30 cm, since this distance ensured

that the loaded tray was supported by at least

° e 4% SLOPE 2 rollers at all times. This roller spacing and

tube length performed acceptably through a
load factor of 4.0 (80 kg-m-2).

At a 30-cm roller spacing and load factor

of 1.0, the maximum uniform load on any

% I individual roller was 13.5 kg. This load caused

1+ / LSD 5% a midpoint deflection of only 1.5 mm. After

) /. 18 months in a greenhouse, where daytime

o~ temperatures of 30° to 38°C were common.

A 2 i 1 a midpoint sag of 5 mm was noted and re-

10 20 40 80 sulted in only a negligible bobbing effect of

the trays as they passed over the rollers.

LOAD KG/M2 However, the sag was only 1.5 mm for rol}-

Fiz. 2. Breakaway forces required 10 move 10-80 kg-m-2 loads on 10-cm diameter PVC rollers at  €r$ outside the greenhouse, where tempera-

0—3% bench slopes. tures usually reach 21° to 27°,

KG FORCE/MZ OF LOAD

\
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Performance data were obtained under
laboratory conditions at a temperature of 25°C.
Maximum force required to move the bed of
trays occurred as the roller initiated rotation
(breakaway force). Breakaway forces were
determined by measuring the force required
to initiate movement of a 12-tray bed (2.8
m?) with uniform loads ranging from 10 to
80 kg'm-2. As expected. breakaway forces
decreased as the downward slope of the bench
increased. At a load factor of 1.0 (20 kg'm-3).
the breakaway forces required to move the
load were 1.36, 1.18, 0.86. and 0.57 kg'm-?
of bed for 0%, 1%, 2% . and 4% bench slopes.
respectively (Fig. 2). Also, the force re-
quired to move a load factor of 4.0 was more
than 4 times the force required to move a
load factor of 1.0 for a given bench slope.
Some of this decreased efficiency was due
to increased midpoint flexing of the rollers
at the heavy loads. Trays were required to
travel in a slightly uphill fashion when they
boarded the next roller that was camrying a
smaller percentage of tray load and therefore
was flexed less at that moment.

The breakaway force required to move a
longer bed of trays (10 m long X 14 m
wide) on a roller conveyor with 2% slope in
a seedling greenhouse was 22% greater than
in the laboratory. A slight binding of the

trays. due to a variable alignment of axles,
was a probable contributing factor.

Copper bushings consisting of 2-cm lengths
of .1.3-cm diameter copper tubing were in-
serted into the wooden cnd plugs in an at-
tempt to improve the bearing surface between
the axle and the plug. The improved bearing
surface reduced breakaway force by 30%.
Once person could then move a 10-m bed of
trays casily and may be able to move beds
of trays up to 30 m long without a mechan-
ical drive system.

Given acceptance of this roller conveyor
design, manufacturers will likely produce
PVC end plugs with bushings for the 10-cm
diameter PVC drain pipe roller tubes. This
production, along with improvements in axle
coatings, will provide reduced breakaway
forces and a high degree of corrosion resis-
tance to fertilizers, pesticides, and high
moisture conditions. :

The PVC roller conveyor bench system
has several noteworthy advantages: a) it serves
to transport and support seedling trays that
are loaded from one end and removed from
the opposite end when the seedlings are ready
to transplant; b) the need for aisles is elim-
inated as is the labor required to carry the
trays to a bench location; ¢) PVC rollers and
end plugs with bushings are resistant to cor-

rosive conditions found in greenhouscs; and
d) a PVC roller conveyor bench is relatively
inexpensive and can be fabricated with read-
ily available materials by greenhouse work-
ers.
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