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A Cost Effective Forklift for Materials Handling in Animal Production
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Abstract: The objective of this study was to dimension, construct and determine the operational characteristics
of a forklift to be used m materials handling i animal production and in other agricultural operations. A forklift
with a load capacity of 600 kg was constructed, consisting of a single mast, single acting lift cylinder and a
double acting tilt cylinder, to be mounted on a standard agricultural tractor. The minimum lift height is 1500 mm
using the mast, whereas the maximum height 1s 2020 mm when the forklift 1s raised through the lifting arms of
the three-point hitch of the tracter. Piston and fork speeds during lifting are 0.065 and 0.13 m sec™, respectively,
while the lowering speeds are 0.11 and 0.22 m sec™". Lifting takes about 10-12 sec, while lowering takes about
6-8 sec. Static stability was maintained during tests at inclined concrete surfaces at the maximum capacity of
600 kg at vertical position of the mast. Assuming that most agricultural materials will be handled with loads less
600 kg, the tractor (New Holland 60-56) forklift combination can operate safely both on horizontal and
mclined road conditions without causing static or dynamic mstability. The capacity of the system 1s about
10-11 tons h™" with loads of 200 kg at 50 m travel distance.
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INTRODUCTION

Tractor-implement systems are of utmost importance,
since the efficiency of agricultural operations is hughly
related with the tools powered by the tractor. There have
been many functional improvements in tractors due to
various types of operations needed in agriculture.
Technical improvements and cost-effective operations of
tractor-umplement systems broadened the use of tractors
and agricultural equipment throughout the world. As a
consequence of wide-scale use of tractors and related
mnplements, numerous benefits were brougth to
agriculture (Alcock, 1986). Tractors and mechamzation
increases productivity, changes the nature of farm work
by making, it less exhaustive and aftractive as well
(Liljedahl et al., 1996).

Human, however 1s not designed perfectly to be a
power source and as a power source is limited to <0.1 kKW
continuous power output. Thus human should not
function as the primary source of power but should be
controlling the power to mcrease the efficiency
(Liljedahl et al., 1996). Nevertheless, farm work including
loading, unloading and transporting to short distances are
still heavily dependent on labor m small and mid-size
farms n the developing world.

One of the most importand features of an agricultural
tractor is the hydraulic power available to drive equipment

attached to the tractor. Front loaders, skreypers and
forklifts have found their places in agriculture for
transporting agricultural products, such as granular
materials, bales, feeds i sacks, fruit or vegetable boxes.
A cost-effective, light-weight forkhift that can be attachted
to the three point hitch could be preferred and used
efficiently by smaller farmers. Such a tractor-forklift
system 1s needed to transport relatively small loads
frequently encountered in farms to reduce the nmumber of
workers in fruit orchards and vineyards or during bale
loading to trailers.

Efficiency can be mcreased in loading, lifting,
transporting and stowing in all agricultural operations.
Such operations particularly include loading and carrying
bales, feed materials in bags in animal production and
fruit and vegetable contamers in horticultural harvest
operations Forklift equipment can be used to handle pallet
sized loads, which can be desirable during on-farm
operations (Srivastava et al, 1994). The use of such
equipment mcreases the total work hours of a tractor m a
year, resulting in a decrease in costs of a tractor per hour
and in more profitable machine operations (Hunt, 1595).
Larger machines can complete the required work quickly,
but when the timeliness 1s not taken into account, the
smallest machies would be more economical due to low
fixed and variable costs associated with small equipment
(Srivastava et al., 1994).
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The objectives of this study were to construct a
cost-effective forklift of 600 kg load capacity with a single
mast and to determine the operational characteristics of
the forklift that can be attached to the hitch of New
Holland 60-56 agricultural tractor. The forklift was
designed in its simplest form so that it can be affordable
by small farmers.

MATERIALS AND METHODS

Dimensions of New Holland 60-56 agricultural tractor
used in this study are shown in Fig. 1 and some technical
properties are shown in Table 1.

Hydraulic power and lift test results for the three
point hitch were taken from the tractor test reports.
Hydraulic oil flow rate requirement was 17 L min™" to raise
the lift cylinder of the forklift at a speed of 0.1 m sec™".
The pump flow rate and the corresponding pressure are
sufficient to provide 600 kg lifting capacity.

Mechanical system: Mechanical system consists of a
single mast to avoid lessen the cost of the forklift for the
small farmer. The mechanical system comprised the forks,
fork carrier, mast, lift chains and rollers (Fig. 2). The forklift
was mounted on the three point hitch of the tractor.

Lifting capacity of the forklift depends on the load
center. ISO 2328 and 2329 were used to determine the
dimensions of the forks. According to the standard, load
center should be 400 mm for loads up to 1 ton but may
vary depending on the application, load and material
selection. In this study, load center was chosen to be
525 mm.

The mast was made of 10 mm thick steel sheets
(U profiles), sufficient to support a load up to 1 ton. Fork
carrier moves in the U profile over roller bearings. Lift

chains are supported by two rollers driven by the
movement of the lift cylinder up and down. Design of
individual machine elements, including rolling bearings,
lift chains and sprockets, the mast and carrier was based
on mechanical design and material selection principles
(Childs, 2004; Ashby, 2007).

Hydraulic system: Two alternatives were considered for
the hydraulic system in the study. First, a single acting lift
cylinder was used and the tilt cylinder was not included
in the system. In this system, there was no need for any
supplemental hydraulic component but a hose to connect
the quick coupling of the tractor to the lift cylinder. The
cylinder is operated by the hydraulic lever of the tractor,
which does not necessitate a directional control valve.

The second system included a double acting tilt
cylinder in addition to the lift cylinder in the hydraulic
system, along with the directional valves for both
cylinders and pressure relief valve.

Stability: Center of gravity and stability of a tractor-
forklift system may be affected by many factors. Center of
gravity keeps changing its position as the mast is tilted
and when the tractor travels on different slopes or while

Table 1: Dimensions and technical properties of New Holland 60-56
Dimension

(mm) Values Property Values

R(s) 640 Front track width ( mm) 1450-1850

A 1705 Rear track width (mm) 1430-1930

B 2052 Minimum toprak araligi (mm) 355

C 3565 Front axle load (kg) 735 (operator
included)

D 2345 Rear axle load (kg) 1401

E 2470

H 470

F (front) 1450

G (back) 1435

Fig. 1: General dimensions of New Holland 60-56 agricultural tractor
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Fig 2:F aeklift withot the tilt cylinder

the load is being lifted and lowered. In this study, the
followring experimetits were conducted to asses the static
atd dymamic stability of the system:

Static tests: Stability tests on flat suface and 2.5, 6.5 and
11.0% inwclined concrete road with different loads (200, 300,
400, 500 and 600 kg o varying load centers(400, 500, 600,
00 and 800 mm),

Dynamic tests: Stability tests on flat swface and on 2.5
and 6.5° indined concrete road with different loads
(100, 200, 300, 400, 500 and 600 k) to observe the effect of
sudden stops and take-offs.

Time consumption: Tite conmunptonwas meanyed to
load, transport atd wload various loads (100, 200 and
600 kg owver a distatice of 30 m ot a flat conerete with
three replicates. Lifting andlowering imes for emopty and
loaded forks were meamwed and the corresponding
hyrdrandic piston speeds wete calowlated.

RESULT S AND DISCU S50

Dimensions and operational features: Physicd
dimensiotis of the forklift are given in Table 2. Ilast
height is 1950 mm which iz close to moast height of the
industrial forkdifts. The lift height at tractor Lift arms
lowered position (1500 mm) is limited due to the single
mast system. A taller mast could be designed to obtain
greater liftinng hed ghts, which may be more functi onal for
sotme fattm operations. Although, the lift hei ght 15 limited
with a single mast system, it iz possible to stack warious
shaped agricultrd materials to trailers and tracks
cothin oty used for transportation The single mast Foldift

Table 2: Pyeical divensdone of the tractor forklit geetamoaribtilt gelinder

monarted on
Property Wahies
Lift Yeight rom) 200 (1ift anne fulbyrados d)
1500 [lift anme loarered))
Frae lift b dght (rom) a

Forks sime (krgth,wridth thickaess ()
Dlact Hlt angzle (de grees)

1050 = 100 = 32
84020° (¥t arrre full raie d)
12722 (Lift anh lovarer ed)

ezl vridth, (o) 1000 ( 4rrrier)
560 (mast)
Mast krere dheight (zem) 1950

designed for the tractor eliminsted longer Lft chaing,
lotyger moast and additions] relevart roller s that need to he
uzed ot dublex mast system. For transporting heavier
materials and stackingto gredter heights, more costly and
heavier solutions shold be sought.

The load should be tilted rearwrard for transporting
the loads on flat terraines and the it angle should he
inecreaged, when the tractor travels on upwards slopes.
When a tilt eylinder is not incorporated into the system,
the lift arms of the tractor should be used to raise the
forklift to accomplish a safe tilt sngle, which coprresponds
to about 150-200 mm Lifting of the mast from the ground
lewel.

The maximwn tilt angle ueing the 1ift arms to fully
raise the forklift was found to be 129 withoat the filt
cylinder and 20° with the tilt cylinder. At the maimum tilt
atgle, the masthel ght 12 2520 mm while the dearance from
the ground iz 570 mm. Since, the loading and urloading
should be done with no or small tilt angles, the stacking
height iz limited without a tilt cylinder and the tractor hift
arms will not be functionsl to increase the lifting height
but are usefl for carrying the load safely on inclined
terrains. A tilt cylinder allow s the operator to fully raise
the 1ift arm s and then adjust the tilt of the mass asneeded.
Therefore, the lift height canbe increasedto 2020 mm with
a tilt oylinder.

Mechanical system

Maximum allow ahle boad: Hew Holland 60-36 has a mass
of 2161 kg and maximuzn allowable load is 4350 kg The
dead mass of the forklift 15 290 kg marimum load to be
cartied is 800 kg, the mass of a pallet is about 20 kg and
the mass of the operator is B0 kg, resultingin a total mass
of 3151 kg The total mass of the tractor-forklift
combination is less than the maximum alowable load of
the tractor.

Lifting and lowering sp eeds: Lifting titn e varies hetween
11 and 13 sec, respectiwely for empty forks and 600 kg
load capacity (Table 3. Fodldift canbe easily operated at
the idle speed of the tractor engine. The Lifting speed,
however can be iheessed by inereasing the ol flow rate.
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Table 3: Lifting and lowering durations (sec) of different loads at idle engine
speed-static test

Lifting Lowering
Load (kg) Average SD Average SD
0 10.89 0.18 8.44 0.20
100 11.41 0.16 7.13 0.77
200 11.75 0.27 6.89 0.45
400 11.96 0.05 7.54 0.20
600 12.92 0.14 6.80 0.64

The lifting speed was measured to be 5 and 2.5 sec at
medium engine speed and maximum engine speed,
respectively. Higher lifting speeds may be preferred for
stacking small weights to increase the hourly capacity of
the operation.

Fankhauser and Schiess designed a forklift for an
agricultural tractor and suggested that the lowering
duration should be about 10 sec. The lowering speed at
higher capacities 1s faster and should be controlled by
using the hydraulic lever of the tractor to control the lift
cylinder. According to the observations during the
experiments, lowering the load in <7 sec created
difficulties mn controlling the system and resulted mn less
stability during a sudden stop. This 1s especially true for
operating on slopes. The lowering can be done slowly
and hence better control can be accomplished when the
operator gets familiar with the system.

Based on the lifting and lowering times and the
piston stroke, the lift speed and lowering speeds of the
forklift were calculated (Table 4). Lift speed is twice the
Ppiston speed, whereas the lifting height 1s twice the length
of the piston stroke. Average lift speed decreases with
increasing load and varied from about 0.07-0.06 m sec™,
while the lowering speed increases with increasing load
and varied from about 0.18-0.22 m sec™. The lowering
speed was not proportional to load because the operator
attempted to control the speed and was not sufficiently
consistent in controlling the lowering speed. This will
probably not observed as the operator gets acquinted
with the system.

Stability of tractor-forklift system: Front axle load of the
tractor 18 735 kg, corresponding to 34% of the total mass
of the tractor. Static or dynamic load distribution changes
as the forklift is mounted on the rear of the tractor. Front
and rear axle loads were not measured under different
loads and working conditions mn this study. No stability
problems were observed on flat surface up to maximum
loading capacity (600 kg). The load center of the forks is
525 mm, however, the tests were conducted with greater
load centers as well. During the static tests on nclined
roads, there were cases, where front load was not
sufficient for steering. A load of 600 kg can be raised up
to maximum height on 6.5° slope at 600 mm load center

Table 4: Piston and fork speeds at idle engine speed (m sec™!) static test

Lifting Lowering

Load

kg) Piston speed Lift speed  Piston speed Lowering speed
0 0.069 0.138 0.089 0.178

100 0.066 0.132 0.105 0.210

200 0.064 0.128 0.109 0.218

400 0.063 0.126 0.099 0.198

600 0.058 0.116 0.011 0.220

whereas static stability was lost as 600 kg load was placed
at a load center of 700 mm. Front axle load should be
about 200 kg to maintain steering ability of the tractor.
Since, the tractor should move slowly at the maximum
height either to stack or unload materials from a stacle,
greater front axle load will be required under for dynamic
operating conditions.

Static stability tests on 11.0° slope demonstrated that
500 kg can be safely raised at 400 mm load center
wherease the stability could be mamtamed only upto
350mm height at load center of 550 mm with the maximum
loading capacity.

Based on these tests, it was concluded that the
forklift can be operated safely on flat terraing and small
slopes with the maximum load at the designed load center
of 525 mm. If the load center must be mcreased due to the
working conditions, the total load to be raised to maximum
lift height should be decreased.

About 600-2200 kg capacity forklifts are in use and
that 200 kg load 1s required at the front axle for practical
purposes, which assures the maneuverability of the
tractor-implement system. In this study, 120 kg front
weight was used and no stability problems were
observed. The potential instabilities can be overcome by
using more front weight as the the slope and load center
are to be increased.

Dynamic tests were conducted to draw general
conclusions on the stability of the tractor-forklift system.
The tractor can travel safely with the maximum load on
6.5° slope provided that the forks are close to road during
transportation. Front weight was not sufficient during
backward travel with 600 kg load, 550 mm load center and
6.5° slope and stability was difficult to maintain sudden
stops.

Hydraulic system: The single acting hydraulic lift cylinder
was operated by using the hydraulic lever of the tractor in
the case that did not have a tilt cylinder. Consecuenlty,
no additional hydraulic system element was needed 1n the
system except for a hydraulic hose. The lowering 1s done
by the self weight of the forks and the carrier unless the
forks are loaded with the material to be transported.
Hydraulic lever can also be used to control the lowering
speed, which elimmates the need for a directional valve or
a flow control valve.
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Fig.5:L shaped support plate for conrectitg the top
linde'tilt cylinder to the chaises of the tractor

Sccording to mctor test reports, capacity of the Lift
anms at 15 MPais 11 . M-1292 ki deperding on the liftive
heizht. Considering the forkdift self nmss (290 kg,
maxinum load capacity (G800 kg) and pallet nmss (20 kg),
approimately 8.7 kW is mquired to lift the forklift. Ilis
suggests that the fodilift canbe easily raised ard lowerd
by the tmctor lift aoms.

Since, tractor usually opemate on rough termins,
high wibrotary forces may act on the mactor thomgh the
top link of the three-poirt hitchwrhen the forklift is tobe
used on rmgh sudaces ower prlonges working hours.
The maction forces on the fop link, howewver, nmay be
directsd to the chaises of the tractor mather tlan the
hydramlics thrugh the leaf spritg on which the top link
is mounted. 4n L slaped support plate was added to the
mechanical system to which the top link (or the tilt
cylinder) was mwounted to elininate the forces that are
transfemed to the Ilopdramlic system of the fractor to
elininate contmmal fomes on mactor hwdrmlic semsing
swterm (Fig. 3. This could be an impormmt issue
espedally for fodklifts of igh load capacity.

When a tilt clinder is added to the swterm, taro
dimctiors] contol walves and a pressure cordrcl valve
wer aho inworporated into the swmtern and the valwe
bloch was mounted onthe chais over the dglt ear tre of
the mactor. Iractor cdl flowr rate was suficient to operate
both the Lift cdinder and the it cinder s inulEneosly.

Time comswmpion: The most commmon agnoaliral
products to be tmnsported and stacked aw bales and
boges of fmits or wegetahles to 3 frailer or 3 mick. &n
aversge Ecargnlarbale he g msms of 20025 kg, whernes
ms of fuit boses rEyvary foen 520 kg for smallboeres
and a fear lundred kg for camying fmitas a mlk naterial
in 8 hin Considering 4-6 bales or 10-12 fuit boxes, the
fooilift load will be in the mnge of 100-250 kg for most
applicaticns o1 small fann enterpnses.

Tshlo 5: Moy mnd time sonetomptie nfor 1ane w kads o 50 m ditance

Time oo vmmpton ff |

Load (3 7 ALY T,
100 E
00 T
0 1]
L i

I-\.‘lr\.l—'LHE

[

Time consungption of the swtem was determuned
for a cyde of loaditg the fodo on the growd lewel,
traws porting the loads ower 50 m distance at different
ground speeds depending onthe amount of load and and
unloading on the groand level.

liming was deteomired for stacling the pallets
only for 200 kg load capacity. The operator did not
attenpt to mait@Ein 2 cormstant forsram speed for the
tractor for each load, but vaned the speed dependitg on
the load beirg tmEnsported. Ilns, the mEnsport speed
reduced 35 the load increased durrg the experitrents
(Iahle 5.

The high vanation in stmdart devistion might be
attrbuted to the unfandliar tactor opemtor to the forldift
operatiors. IThe operator experienced reck pain and lows
of attention 33 a msult of cormbirmous wodt durirg the
EXETINENTS.

The experiments were done  conimously,
Esulting in exlEnstve work for the novice opemtor
Tnder nsnal field or fann operations, less s termons work
is likely, which nmy not cmnse the same level of
discordort.

The time comumption for stacking the loads was
B5 sec for 200 kg loads over 50 mtrarsporatition distance,
which spprodnmtely cormespondsd to 3 @pacity of
10 tors h™' for the tractor-fodklift systen for tms porting
the the loads already placed cn pallets.

COMCLUSION

The mwult of this siwdy could be sunonarized as
folloars:

» &4 fractor mowrged forklift consisting of a3 single
acting lift cylinder and a double acting Hlt cylinder
was tested in this swdy. The forklift hes a load
capacity of 800 kg, 2 n@ys of 290 kg, load center of
525 nom and corsists of 3 single nmst to reduce the
cost 35 mch as possible

»  Ihe rmdnumicod heght and the newdnmm Lift height
are 1950 non and 1500 mm, 1es pectively when the
tractor lift aoms at lowered pos ition, With the aid of
lift atne of the tactor lifting heiglt canbe incremed
up to 2020 non
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¢ Lifting speed and lowering speeds were 0.065 and
0.13 m sec™, respectively depending on the load on
the forks

¢ Maximum laod capacity of 600 kg can be safely lifted
at load centers greater than the specified load center
of 550 mm on flat surfaces and on terraines with small
slopes

* On mclned roads up to 11°, static stability 1s
maintained as long as the load center is not greater
than 500 mm with the maximum load capacity

¢+ This simple and cost-effective design can be
effectively used for materials handling in ammal
production, such as bales and feed materials in bags
and for transporting agricultural materials

containers
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