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INTFODUCTIQN

The present method of harvesting palm tree crops In Nigeria is hazardous,

slow and Inefficient. The farmers who now harvest the palm tree crops use bush

vines as shown In Plate I as the only device to climb the palm trees. Many

farmers have had fatal falls off the trees, and the few who survived such

accidental falls are permanently crippled.

In recent years the number of farmers that harvest Nigerian palm trees

crops has steadily declined, and the production of palm tree produce has

substantially decreased. The loss In this agricultural production will

probably continue to increase because many young farmers are reluctant to

learn the traditional art of climbing and harvesting the palm trees. The

farmers want to see the harvesting of palm trees mechanized.

The use of hydraulic buckets which are mounted on large mobile units

will not be suitable because the palm trees in Nigeria are not cultivated,

but grow on rough terrain which will not be suitable for operating large

mobile vehicles. It appears that the development of a simple portable device

which is capable of conveying a farmer to the top of a palm tree and safely

bring him down may be useful to the Nigerian peasants, and save some of th«

crops that are now lost.

The probable economic contribution to Nigeria of a portable climbing

device has been the primary reason for the project: the development, design

and construction of an experimental mechanical device for climbing palm

trees.
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PLATE I



REVIEW OP LITERATURE

There Is no known literature on a mechanical climbing device at the

time of doing this project. Although several methods of harvesting various

crops which are produced by trees have been at least partially mechanized,

there is no known self-propelled mechanical device which is attached to the

tree for lifting an operator to the top of a palm tree and bring him down.



PRELIMINARY STUDY OP PALM TREE PHYSICAL CHARACTERISTICS

The Ministry of Agriculture and Natural Resources of Western Nigeria

provided valuable Information on the measurements of the girths for 170

palm tree samples. The samples came from Ibadan, Ife, Ilesha, Qkitipupa

and Owo districts as shown in Pig. 1. The number of palm trees which was

sampled is relatively small compared to the total population of the palm

trees In Nigeria; however, the data gave an important guide to the basic

design of the mechanical device for climbing palm trees.

Each palm tree was measured at Intervals of four feet, from the base

to the top. The data from the five districts was plotted on graph paper

to estimate the distribution of the girths at the various Intervals as

shown In Pig. 2. The taper was estimated for typical palm trees from each

district. The variation of the circumference is from 59 to 25 inches, and

the average taper of a 40-foot tree is approximately 0.07 In. per foot. The

device is large enough to mount on palm trees that have a maximum circum-

ference of 76 Inches (2i»-in. dia.), and this represents 95.9* of the sample.

The depth of the scars varies from 1/2 to 1 1/2 Inches, and the length

of the scars is from k to 6 Inches. The characteristic roughness and

irregular holes of the bark of the palm trees will give good traction to

rubber tires.
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PROCEDURE

Design Guides

The following criteria were observed during the design:

1. The maximum weight of the machine without operator not to

exceed 300 lbs.

2. The machine to be able to transport one operator weighing

up to 200 lbs.

3. The machine to be self-propelled.

4. The device to be easy to fasten to palm trees.

5. The speed of climbing to be 15 feet per minute.

6. The operator to be able to move around the top of the tree

on the machine.

7. The operator to be able to lock the device safely to the

tree.

8. The wheels to be adjustable to large and small palm trees.

9. The device to have reversible travel motion.

10. The machine to have a safety locking mechanism to prevent

the device from slipping.
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Preliminary Design Study

The following are the possible types of mechanical device for climbing

palm trees:

1. Hydraulic buckets mounted on tractors or mobile unit.

2. Portable winch at the base of the tree and cable permanently

fastened to the top of each tree.

3. Self propelled and portable mechanical device which climbs the

tree itsalf.

9a third suggestion will probably be the most suitable for the conditions

on Nigerian farms.

Several models of the climbing device for palm trees were constructed,

inounted on 8-inch pipe, and were observed to see how stable each model was.

The observation strongly suggested the arrangement of the experimental

mechanical device for dittoing palm trees.

The rectangular shape made the design simple and easy to construct. The

gross weight of the device should not exceed 500 lbs., and the horse-power

requirement is computed on this weight. The power requirement i3 approximately

0.397 horse-power, and the rate of lift is 15 ft. per minute. The slow speed

is achieved by the use of a Briggs and Stratton four-cycle gasoline engine

(6:1 gear-reduction), and Morse Chain worm gear reduction (50:1 gear-reduction)

and the reducer sprocket to wheel drive sprockets (3:1 gear-reduction). This

is a total of 900:1 gear-reduction. Calculations for power requirement and

other necessary calculations are shown in Appendix B.

The gasoline engine and worm gear are connected by the V-belt reversible

clutch. The power is transmitted to the wheels through chains and sprockets.

The four wheels are to be driven in the first field test, but the rear or the
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two pressure wheels can also readily be driven if the traction is not

sufficient.

Ins wheels and the sprockets are keyed to a 1 inch steel shaft, and

the ends of each shaft are supported by the self aligning pillow block

bearings. The keyways are cut long enough to enable adjustment of the

wheels for snail or large circumference palm tress* Fart of the frame and

wheel assembly is shown In Plate II. The component parts are not necessarily

shown In their proper respective position. Plate in shown the engine, gear

reducer, hydraulic cylinder and other component parts. A listing of the

component parts and sequence of drawings for machine assembly is shown in

Appendix C.

The front wheel assembly is pivoted to enable the machine to ride over

humps and other irregular spots on the trees. The rear wheel assecfcly pro-

vided necessary pressure to support the weight of the machine and the pressure

for traction. The pair of ccnpression springs will support a pressure of

200 lbs./ln. and each rear wheel is always under compressive force when the

device is mounted on the trees.

The pressure wheel assembly has two adjustments: sise and pressure

adjustments. The tree size adjustment is the changing of the position of

the rear assembly In the increment of 2 Inches and multiples of 2 inches to

match tne device to any palm tree in the designed range of 8 to 24-inch

diameter trees. The operator has to move the rear wheel assembly in the

desired direction and fasten it with pins. The pressure adjustment is made

by applying sufficient hydraulic pressure to the rear wheel assembly; the

wheel frame has a telescoping arrangement, and the frame is moved forward

gradually until a minimum pressure is applied. The hydraulic system will
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PLATE II
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PLATE III
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develop from to 8500 psi. The device will begin to move up the tree trunk

when the compressive force is large enough to support the weight and give

traction. When the palm tree has a large taper, the device will not travel

up the tree until more pressure is applied to the rear wheels.

Testing of Mechanical Device for Climbing Palm Trees

The following points are to be observed during the test:

1. The traction of four-wheel drive and six-wheel drive respectively.

2. The influence of speed on the stability of the device in operating

position.

3. The minimum supporting compressive force that will hold the machine

on the palm tree.

4. The minimum pressure that will cause traction on the wheels and the

movement of the device.

5. The minimum pressure in the tires, and satisfactory pressure for

normal operation.

6. The effects of low and high pressures of the tire on tire traction.

7. The operation of the V-belt clutch, and the control.

8. The effect of the worm gear as a locking unit.

9. The general stability of the device and the position of the operator.

10. Operator acceptance.

The ideal testing condition for this machine is on palm trees; the

tapering of the tree, the hardness and roughness of the bark which are unique

characteristics of the palm trees cannot be readily simulated; however, tests

on other trees have provided some information about the probable performance

of the device, and further tests will be made on Nigerian palm trees.
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The basic design of the device uses six wheels, with four of the wheels

being driven, and the other two wheels acting as idlers. The mechanical

device for climbing trees is shown attached to a log In Plate IV.
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PLATE IV
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DISCUSSION

Preliminary Design Study

The experimental mechanical device for climbing Is designed to carry

only one operator to the top of the palm tree, provide the platform for the

operator and bring him safely down after harvesting the palm fruit. The

fruit is not carried on the device, but Is allowed to fall to the ground.

Two small models were constructed, and mounted on 8-inch pipe, and

the stability was observed before the present full size experimental machine

was built. There were four basic units in the machine attached to the

platform frame, the vertical drive wheel assembly, the pressure wheel assembly,

the hydraulic system, and the power transmission assembly.

The pressure wheel assembly was fastened to the rectangular tubing side

member with pins, and this made possible adjusting the device to the size of

each tree In the designed range of 8-24 In. diameter. The compression spring

on the telescoping members of the pressure wheel assembly enabled all the

wheels to ride over high spots on the bark of the trees.

The hydraulic system forced the Idler wheels against the tree after the

device was put around the tree. The hydraulic system provided easy control

for the device, and it consisted of the high pressure hose, with quick dis-

connecting coupling, the single-acting cylinder, and all-position hydraulic

hand pump.

The computed power requirement was 0. 397 hp, but a 3 hp air-cooled

4-cycle gasoline engine was used to run the machine. The worm gear, the

reversible V-belt clutch, the chain and sprockets were used In the power

transmission. All the drive wheels were keyed to the shafts, and each

shaft was supported by the self aligning bearings.
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Testing of the Mechanical Device

A dry cottonwood tree with a base diameter of about 20 inches was cut

to about 10 feet long, and was brought into the laboratory. It was braced

at the base and supported at the top by guy wires. It was not possible to

make all the necessary observations in the test, but the primary question

as to whether the machine for climbing palm trees would ever climb was proven.

The device did cliuto.

The device was assembled on saw horses, and the cottonwood log was

placed in the middle of the device. The device was adjusted to the diameter

of the "simulated palm tree" ; the hydraulic pressure was gradually applied

to the pressure wheels, and the worm gear first was operated by hand. The

manual operation of the gear revealed serious weakness in the compressive

members of the platform frame. The pressure wheel assembly and the trans-

mission assentoly parts of the frame were under severe twisting stress, and

some of the angle iron members were bent. The structural weakness was

temporarily corrected by bracing of the stressed members to the drive wheel

with coOTnon wire. The correction made the testing possible.

The following encouraging results were observed:

1. Pour wheels provided enough traction to cause the machine to cllrcb.

2. The minimum hydraulic pressure of 375 psi supported the weight of

the machine (320 lbs.) and caused sufficient traction for climbing.

3. Pressure of 22 to 23 lbs. in the tires had the greatest surface

contact between tne tree and the tires.

*J. The V-belt clutch made effective control possible; ascent and descent

motions, and stationary position of the machine on the tree,

5. The worm gear provided an effective locking mechanism for iiolding
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the device at any place on the tree.

6. The rate of ascent was approximately 13 ft./WLn.

Weaknesses in the design were that:

1. There was structural partial failure in the platform frame.

2. The stability was poor when the device was in a locked stationary

position on the tree.

3. The fastening of the device around the tree was slow.

4. The weight of 320 lbs. was not portable.



23

CONCLUSION

The result of the laboratory teat of the experimental climbing device

strongly supported the originally conceived idea of conveying an operator

on the mechanical device that is fastened around palm trees or similar trees.

The present experimental machine needs redesigning and refinements to:

1. Strengthen the members that are in tension.

2. Make easier fastening of the device to the palm tree.

3. Reduce the weight of the device by the use of high strength aluminum

for the frame*

H. Add a control valve in the hydraulic system to prevent excessive

pressure on the wheels.

5. Test the effect of a rigid wheel assembly as compared to the present

pivoting drive wheel asaembly.

Further tests of the device are planned In Nigeria, when some of the

present flaws In the design of the mechanical device for climbing palm trees

will be corrected.
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Table TOT. Taper of Circumference In Palm Trees at the Heights of 40 Peet
In Inches

Districts of Sample
Tree
No.

A B C D E P a

1 10 tmm _* 7 _ 27
2 3 — 2 3 — 27

I
5 — 8 — — —

— 2 — 17 —
5 4 anr> — 3 — mm bbb

6 11 — •BB 3 _ BBB 8

I
4 1 1 13 — — —
6 — +5 — 2 —

9 6 —m M 9 — HB
10 11 — — 2 — _
11 3 — 34 6 — 10 —
12 10 — 15 8 — MB •BB

8
2 ... — 4 +2 — —
11 — — 4 1 9 —

15 2 — — 1 —

.

BBB

16 12 3 30 12 — BBB

3
6 9 — 3 — •MB

13 _ 3 _ •B
19 «- — 12 12 —
20 3 — — 9 — »
21 7 — 14 12 _ •BB

22 5 — 24 7 — 8

2
24 _ 25 5 2 —
9 — _ +1 — —

25 9 — 13 2 — —
177 15 158

Total

Taper

118

- 592

- 592 xW 1

16

7

65 *3

• 0.0665 in. per foot
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APPENDIX B
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SAMPLE CALCULATIONS

Power Requirement

HP - 2wrFN
33000 x 12

where » - 3.1^16

r Effective radius of the wheels (5 inches)

P » Force required to lift device

N Revolutions per minute of the wheels

33000 - Ft. lb.Adn. equivalent of 1 HP

12 Inches per foot

HP - 2 x 3.14 x 5 x 500 x 5 - 0.1985
33000 x 12

Assume efficiency of device to be about 50#.

.1985 - 0.397 HP required to lift the device
0.50

Hydraulic Pressure Required For Necessary Traction

Coefficient of friction between the rubber tires and the bark of the

palm tree is assumed to be 0.3.

y m p
N

where y - Coefficient of friction (0.3)

P - Lifting force (500 lbs.)

N Normal force

then N - P - 500 - 1667 lbs. of force required to give the rubber tires

the necessary traction.
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Size of Frame Members

S » MC
I

where S = Unit stress In psi

M » Bending moment In lb. Inches

C » Distance from the outer fiber to the neutral axis in inches

h
I Moment of inertia in In. .

then SI = MC

and M » I = Section modulus of the beam
S C

M 1667 lb. x 25 in. = 20-860 lb. in.

2

Assume design stress for structural steel to be 20,000 psi

then M 20,860 » 1.043 which is the required section modulus of the frame
S 20,000

member.

The steel handbook shows that angle iron 3 in. by 2 in. with a 1/2 In.

web has a section modulus of 1.0.

Size of Shaft

Analyze bottom drive shaft

500 125 lbs. vertical load on shaft at each wheel

1667 = 208 lbs. normal load on shaft at each wheel
~2xT

1

3.5
r
sprocket

2 x 125

P = 3.5 x 2 x 125 » 175 lbs.
sprocket 5



39

ZM -F x (6.5 + 7.375 + 6.5) + 175 (4 + 7.375 + 6.5) +
B(vertical) A

125 (7.375 + 6.5) + (125 x 6.5) -

(-P x 20.375) (175 x 17.875) + (125 x 13-875) + (125 x 6.5) -

A

-20.375 P + 3130 + 1735 + 812-0
A

P - 3130 + 1735 + 812 - 5677 - 279 lbs.

A 20.375 20.375

EM - / (-1110)' + (1350)'
left wheel

/ 1,232,100 + 1,820,500 = / 3,052,100

1748 In. lb.

6 1/2

2 1/2< *•

8

Bearing Sprocket

1751

U

7 V8 6 1/2

/-S

Rubber Tire

«£=

Load on each wheel

-208



Vertical Shear Diagram
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/

279

\
104

\

V
-697 In. lb

/

/
/

A
\

\

/

/

/
-1110 in. liv, '-958 In. lb.

Vertical Moment Diagram

Maximum vertical moment 1110 In. lb.

Horizontal Shear Diagram

1350 In. lb. 1350 in. lb.

Maximum moment

Horizontal Moment
Diagram



to

Assuming . 5 HP delivered to the 2 shafts 5 rpm of shaft, the torgue on

the shaft will be T = 63,000 HP » 63,000 x .5 6,300 lb. In. on

shaft N 5

2 shafts 6,300 3,150 lb. in. on each shaft.

2

Shaft diameter can be found from the following formula which is for

shafts subjected to both bending and torsion:

S - 16 (KJT) 2 + (K,/!) 2 ** where

S
s

m Shear stress of shaft (use 20,000 psi)

D Shaft diameter

K Numerical combined shock and fatigue factor applied to torsion -3.0
t

T » Torsion on shaft

K » Numerical combined and shock fatigue factor applied to the computed
m

bending moment.

Rewrite for D3

d3 " 16 (~(3 x 3150) 2 + (3 x 1748)5
h

3.14 x 20,000

1)3 " 16 [~(9450) 2 + C5244)
2
]

h

62,800
L

= 16 [89,500,000 + 27,500,000|
**

62,800 L

= 16 (ll7,000,000|
**

62,800
L -'

" 16 x 10800
62,800

D 3 - 2.75

D - 1.4 In.

The 1.4 in. shaft diameter was determined by using maximum loads and maximum



U2

factors of safety.
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The present method of climbing palm trees In Nigeria is manual, slow

and unsafe for the farmers. The farmers do not want to climb the palm trees,

and much of the palm tree crop is lost every year.

The data were collected by the Ministry of Argiculture and Natural

Resources in Western Nigeria. The circumferences of 170 palm trees were

taken at intervals of four feet and were plotted on graph paper to estimate

the distribution of the girths. The circumference ranges from 25 to 80

inches at the height of four feet above the ground. The average height of

the palm tree is 45 feet, the taper is 0.07 in. per foot, the bark scars

vary from 1/2 to 1 1/2 inches in depth and from 4 to 8 inches in length.

A small model of the device was constructed and the stability studied

before the full size experimental climbing machine was built. The device

had the following basic parts: the platform frame, the vertical drive wheel

assembly, the pressure wheel assembly, the hydraulic system, and the power

transmission assembly. The pressure wheel assembly was detachable for

fastening the device around the base of the trees; the device was large

enough for 12 to 24 inches diameter palm trees.

The computed power requirement was 0.397 hp, but a 3.0 hp 4-cycle

internal combustion engine was used to power the machine. The V-belt trans-

mitted power from the engine to the worm gear, and the sprockets and chain

connected the output shaft of the worm gear to the drive wheels. The V-belt

clutch provided effective control of the machine in operation.

The device would stop moving up the tree when the taper or the reduction

in tree diameter was large enough to reduce the compressive force that gave

traction to the wheels; this would cause the wheels to spin, and the operator

liad to apply more pressure to the hydraulic system.



The weak members of the frame prevented the construction of the operator's

seat on the climbing machine, and it was not possible to have the operator

ride on the device.

A dry cottonwood log was brought into the laboratory for the test.

The machine climbed, remained locked to the tree and descended from the

simulated palm tree up to the height of three feet. The limited laboratory

performance encouraged further improvement on the experimental mechanical

device for climbing palm trees.

The interesting observations were: four of the six wheels gave effec-

tive traction, the hydraulic pressure of about 375 lbs. gave traction to the

wheels, the tire pressure of 22-2M lbs. had maximum surface contact between

the tires and the bark of the tree. The weak points were: weak platform

frame, poor frame stability, slow fastening of the pressure wheel assembly

and the excessive weight of the machine.

The use of high strength aluminum materials for the construction of

the platform frame and other improvements In the design would make the

machine more portable than the present device.

Further field tests of the mechanical device for climbing palm trees

are planned to be done in Ibadan, Nigeria.


