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Abstract: In material handling, the cranes play a vital role in modern manufacturing industries. In our project we aim to
fabricate a hydraulic operated floor crane for handling various kinds of materials. The hydraulic floor crane consists of mast,
boom, base, lift cylinder, hand lever, hook and wheels. The hydraulic cylinder is pumped with the help of hand lever at the same
time the material with the help of hook and hydraulic cylinder released to the pressure valve so the material is unloaded. The
material from one place goes to the other place with the help of hydraulic floor crane. The crane reduces the worker’s fatigue
and increases the overall efficiency of production process with good safety. The crane is fabricated with complete clear front,
small compact frame, good reach, high lift. The crane has the capacity of lifting 250kg to half ton with wide spread application
in the shop floor. Thus the floor crane would serve as a safe and versatile model for material handling operations.

Keywords: Hydraulic, Material handling, crane, fatigue.

L. INTRODUCTION

The development of lift machine or crane has reached through different time starting the first crane for lifting heavy load was
invented by ancient Greeks in the late 6th century BC. The heydays of crane in ancient times come during Roman Empire when
construction activity soared and buildings reached enormous dimensions. The Romans adapted the Greeks cranes and developed it
further. The simplest Romans crane is the trespasses, which consists of a single beam jib, a winch, a rope, and a block containing
three pulleys. Having this mechanical advantage of 3:1, it has been calculated that a single man working the winch could raise
150kg [3pulles*50kg=150kg], assuming that 50kg represent the maximum effort of a man can exert. Over a long time period
heavier crane type featured five pulleys (pentaspastos) or in case of the largest one a set of three by five pulleys (polyspestos) and
came with two, three, or four masts depending on the maximum loads. The polyspestos when operated by four men at both side of
the winch could readily lifts 3000kg[3 ropes*5 pulleys*4 men*50kg=3000kg] If the winch was replaced by a trade wheel, the
maximum load could be doubled to 6000kgs, because the trade wheel have much bigger mechanical advantages due to its higher
diameters. This means comparing with the construction of Egyptian pyramid where in 50 men are needed to move 2.5 tons of stone
up the ramp (50kg per persons). The lifting capability of the Roman polyspastos is proved to be 60 times higher than the Egyptian
system of lifting stones. During the high middle age the trade wheel was introduced on large scale after the technology had fallen in
the Western Europe with dismiss of Western Roman Empire. The earliest reference to the trade wheel reappears in the archival
literature in France about 1225. Generally vertical transport could be done more safely and inexpensively by crane than customary
method. Typical areas of application were harbors, mines, and in particular building sites where the trade wheel crane played a
pivoted role in the construction of lofty Gothic cathedrals. In contrast to the modern cranes, middle age cranes and hoists —-much like
to their counter parts in Greece and Rome were primarily capable of a vertical lift, not used to move loads for considerable distance
horizontally as well. It is not worthy that middle age cranes rarely featured ratchets or brakes to forestall the loads from running
backwards. This curious absence is explained by a high friction force exercised by middle age trade wheels, which normally
prevented the wheel from accelerating beyond control. With the onset of the industrial revolution, the first modern cranes were
installed at harbors for loading cargo. It gains a dominant relevance in engineering workshops and warehouses for carrying, loading
and unloading of heavy materials, mostly where there are no provisions for overhead crane. At that times even when there are
overhead cranes, space might be a limiting factor to their use which makes the portability nature of the mobile floor crane a great
advantage. In repair garages, it is also used in handling engines and its parts. It is also used in industries for transporting materials
from one place to another. It gains relevance also in the installation of new machine, where it is used in proper positioning of the
machine. Most importantly, its simplicity reduces the cost of labour as it does not require any special skill in its operation.

A. Problem Definition

Mobile cranes have specified lifting capacities based on their design and configuration. Exceeding the crane's lifting capacity can
put excessive stress on the crane's structure and compromise its stability, leading to accidents and potential collapse. Overloading a
mobile crane carries significant risks, including the potential for accidents, property damage, and harm to workers or bystanders.
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Ensuring safe load capacities is essential to protect lives, minimize the risk of equipment failure, and maintain a secure working
environment.

B. Objective

1) The objective of this project is to provide a hydraulic mobile floor crane equipped with a facility to lock the load at
any level, in order totackle the issue of lift cylinder failure usually experienced when using conventional designs.

2) Todesign analytically the portable lifting machine lift slightly heavy objects that can’t be carried by single worker

3) To minimize cost expenditure for fuel that is made for operating fork lift in transporting every component in the production
shop

4) To minimize risk of life and property

5) To produce the working prototype of portable, moveable crane for the production shop

6) To determine the overall cost of the crane production

7) Finally, to documentation of the research project

C. Methodology

1) Survey is carried out on existing lift cranes and we have decided to design and fabricate a mobile hydraulic floor crane.

2) Detail design of crane components such as mast, boom, lift cylinder and base. A 3d model of designed crane is carried out in
CATIA software.

3) The component of the crane are fabricated and assembled.

4) Testing is carried out using the fabricated model.

1. LITERATURE REVIEW

Michael G. Kay, “Material Handling Equipment”, January 12, 2012 [1], Material handling involves short-distance movement that

usually takes place within the confines of a building such as a plant or a warehouse and between a building and a transportation

agency. It can be used to create “time and place utility” through the handling, storage, and control of material. The characteristics of
materials affecting handling include the following: size -width, depth, height; weight; shape; and other slippery, fragile, sticky,
explosive, frozen.

Some of the major equipment categories are,

1) Transport Equipment. Equipment used to move material from one location to another for e.g., between workplaces, between a
loading dock and a storage area, etc. The major subcategories of transport equipment are conveyors, cranes, and industrial
trucks.

2) Positioning Equipment. Equipment used to handle material at a single location. For e.g., to feed and/or manipulate materials so
that are in the correct position for subsequent handling, machining, transport, or storage.

3) Unit Load Formation Equipment. Equipment used to restrict materials so that they maintain their integrity when handled a
single load during transport and for storage.

4) Storage Equipment. Equipment used for holding or buffering materials over a period of time

5) Identification and Control Equipment. Equipment used to collect and communicate the information that is used to coordinate
the flow of materials within a facility and between a facility and its suppliers and customers.

Ibrahim O Abdulmalik, “Design and manufacture of a hydraulic workshop crane”, ISSN 2319-5991, Vol. 3, No. 3, August 2014 [2],
Oil at high pressure from the reservoir is sent to one end of the cylinder through the rubber pipes. The oil exerts pressure on the
piston and thus pushes it upwards. Process goes on and the entire side of the cylinder is filled with oil and thus moving the piston to
its extreme. The release liver valve is used to bring the piston back to its original position. The hydraulic oil returns back to reservoir.
K Suresh Bollimpellil, “Design and Analysis of Column Mounted JIB Crane”, 2015 [3], In this work, a static, modal and harmonic
analysis of a column mounted jib crane using ANSYS software is presented. A column mounted jib crane of 1.5 Ton capacity is
modelled using CATIA which is imported into ANSYS where calculations are performed. The detailed drawing of various parts of
the crane is obtained from TATA Advanced systems Ltd (TASL) Adibhatta village, Hyderabad. The deflection values, Von Misses
stress etc are obtained using the static analysis. The hand calculations of the column mounted jib crane have been done using simple
strength of material expressions. The deflection is obtained as 3.709mm, when the load applied is 1.5 tons. The maximum stress
obtained is 147.8Mpa which is less than the allowable stress. The static stress was found to be within the limits of safety. The model
analysis shows the natural frequencies of the crane to be in the lower range 0-10Hz.
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The fundamental frequency is found out to be 0.323589 Hz. All the other higher frequencies are also found to be very low making
the jib crane less stiff and highly stable for any transient loading. The harmonic analysis is performed with a view to predict the
performance of the crane if a cycle time dependent load is allowed to act at the trolley. For this hypothetical situation, the von-mises
stress and displacement along the z-directions were obtained using ANSYS. The maximum von-Mises stress of 60Mpa occurs at
fundamental frequency of 1 Hz. The maximum z-direction displacement of 5mm was observed. These values indicate that the
column mounted jib crane is safe to operate under the load of 1.5 Tons under static and cyclic time dependent loads also.

Okolie Paul Chukwulozie, “Steel Work Design and Analysis of a Mobile Floor Crane” 2016 [4], the transportation of heavy
machine parts and equipment within and outside the workshop has been a source of concern and needs urgent attention because of
the hazard it exhibits. This negative effect on the health of engineers, led to the invention of the floor jib crane but research shows
that contemporary designs of floor jib crane fail over time when these static load is left on it for a prolonged period of time. This
project is centred on the design and fabrication of a mobile floor crane equipped with a facility to lock the load at any level as a
special feature, to tackle the issue of failure due to static load. The mobile crane is designed to bear a maximum load of about 1000
kg, with a counter weight of 2.6 KN which gave the crane a 3.034 factor of safety. The materials employed are; sheet metals,
angular iron, bolts, nuts, metal rollers etc. The fabrication processes involved drawing, marking out, cutting, filling, welding and
assembling. For permanent joints, the arc welding process was employed. As indicated earlier, the mobile floor crane gains its
significance in the transportation of heavy machine parts within and outside the workshop. It can also be used to load and unload
machine parts on trucks.

1. DESIGN AND CALCULATIONS
The designing work was carried out using CATIA software. The required dimensions of the driver and the driven wheels were taken
as per the design equations. CATIA is the most widely used design software's which helps in designing 2 as well as 3 dimensional
models using simplified alphabetical and numerical commands. Both the driving and the driven wheels were drawn to the required
dimensions using the circle command.

Fig 1: 3D of Mobile Crane
A. Design Criteria
There are three major considerations in the design of cranes.
e The crane must be able to lift the weight of the load.
e The crane must not topple.
e The crane must not rupture.

B. Lifting Capacity

The lifting capacity of hydraulic crane mainly depends on following. The Lever: A balance crane contains a horizontal beam
pivoted about a point called the fulcrum. The principle of the lever allows a heavy load attached to the shorter end of the beam to be
lifted by a smaller force applied in the opposite direction to the longer end of the beam. The ratio of the load's weight to the applied
force is equal to the ratio of the lengths of the longer arm and the shorter arm, and is called the mechanical advantage. The lifting
capacity of this crane is about 150Kg considering factor of safety.
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C. The Hydraulic Cylinder

This can be used directly to lift the load or indirectly to move the jib or beam that carries another lifting device. Cranes, like all
machines, obey the principle of conservation of energy. This means that the energy delivered to the load cannot exceed the energy
put into the machine. For example, if a pulley system multiplies the applied force by ten, then the load moves only one tenth as far
as the applied force. Since energy is proportional to force multiplied by distance, the output energy is kept roughly equal to the input
energy (in practice slightly less, because some energy is lost to friction and other inefficiencies). The same principle can operate in
reverse. In case of some problem, the combination of heavy load and great height can accelerate small objects to tremendous speed.
Such projectiles can result in severe damage to nearby structures and people. Cranes can also get in chain reactions; the rupture of
one crane may in turn take out nearby cranes. Cranes need to be watched carefully.

D. Stability

For stability, the sum of all moments about any point such as the base of the crane must equate to zero. In practice, the magnitude of
load that is permitted to be lifted (called the "rated load" in the US) is some value less than the load that will cause the crane to tip
(providing a safety margin).

Standards for cranes mounted on ships or offshore platforms are somewhat stricter because of the dynamic load on the crane due to
vessel motion. Additionally, the stability of the vessel or platform must be considered. For stationary pedestal or kingpost mounted
cranes, the moment created by the boom and load is resisted by the pedestal base or kingpost. Stress within the base must be less
than the yield stress of the material or the crane will fail.

Fig 2. Isometric View-1

E. Calculations

Stress Calculation On Boom

The arm of the crane moves in a vertical plane with the hook reaching a maximum height of 1200mm from the ground, and a
minimum height of 400mm from the ground. From the given specifications, the angle subtended by the arm for maximum and
minimum heights at point B is calculated through the use of basic trigonometry.

scale - 1:10

cylinder

Q

Fig 3: Calculation of Mobile crane
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hmax = 1200mm

hmin = 400mm

The angles are found out to be

Angle CBC’’ = 200

Angle CBC’ = 390

Hinges for the cylinder is to be attached at 200mm.
Hinges for the piston is to be attached at 300mm.

Scale - 1:10
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Fig 4: Calculation beam of Mobile Crane
At Middle Position
Moment about o,
5000 x 800 = RA x 200
RA =20 x 103N
Therefore, reaction in the cylinder is given by
Rcylinder = RAcos0 = 20x 103N
At Upper Position Moment about o,
5000 x (800 x c0s20) = RA x (200 x c0s20)
5000 x (800 x 0.94) = RA x (200 x 0.94)
RA = 20x 103N
Therefore, reaction in the cylinder is given by
Rcylinder = RAcos0 = 20x 103N
At Lower Position Moment about o,
5000 x (800 x c0s39) = RA x (200 x c0s39)
5000 x (800 x 0.77) = RA x (200 x 0.819)
RA = 20x 103N
Therefore, reaction in the cylinder is given by
Rcylinder = RAcos0 = 20 x 103N.

F. Design Of Cylinder

Assuming the internal pressure,

Pi = 150 kg/cm2 Pi= 150kg/cm?2

Pi=14.715 N/mm?2

Material used for cylinder is Mild steel IS 226.
Yield strength of mild steel = 250 N/mm2.
Ultimate tensile strength of mild steel = 410 N/mm?2..
Factor of safety = 1.5 (assumed).

Pi=F/A

A =F/Pi

=20000/14.715

A =1359.15mm?2

But, A = (w/4) d2
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1359.15 = (n/4) d2

d =41.61 mm.

Using cylinder of standard diameter,
Bore diameter = 40 mm.

Now, allowable tensile strength

call = oyt/ FOS

= 250/1.5

= 166.66 N/mm2. .

Bore diameter of cylinder = 40 mm.
Stroke = 135 mm.

G. Calculation of Floor Load
Floor load is a measure of pressure on the floor of truck. It is necessary to avoid the catastrophic failure.
Total weight= 50kg
Length= 0.9m
Breadth= 0.8m
Floor load= total weight/total floor area

= W/(I*b)

=50/ (0.9*0.8)

= 69.44 kg/m2.

H. Design of Bolt
Bolt is to be fastened tightly also it will take load due to rotation.
Stress for C-25 steel ft =120 N /mm? Std nominal diameter of bolt is 8 mm.
Let us check the strength: -
Also initial tension in the bolt when belt is fully tightened.
P=1420dN
P=1420x8 N
P=1420dN
P=11360N
Therefore the total load on bolts
P =11360+ 500 N
P=11860 N
Being the four bolts the load is shared as
P=11860/4
=2965 N.
Also,
2965 = (I1 /4 dc?) x ft
2965 = (I1/4 ) (8x 0.84)%) x ft
ft = 83.59 N/ mm?
The induced ft 83.59 N / mm? is less than the maximum ft 120 N /mm? hence our design is safe.

I.  Design of Welded Joint

Checking the strength of the welded joints for safety

The transverse fillet weld welds the side plate and the edge stiffness plates,
The maximum load which the plate can carry for transverse fillet weld is
P=0.707xSxLxft

Where, S = factor of safety, L = contact length = 25mm

The load of shear along with the friction is 50 kg = 500N

Hence, 500 = 0.707 x 3 x 35 x ft
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Hence let us find the safe value of “ft’
500
Therefore ft = -------------------
0.707x3x 35
ft=6.73536 N/mm’
Since the calculated value of the tensile load is very smaller than
The permissible value as ft=56 N/mm?. Hence welded joint is safe.

V. CONSTRUCTION

A mobile floor crane has a tubular, rigid structure that supports a boom pivotally connected to the top end of the mast. The base end
of the mast is disposed between the adjacently disposed mid portions of the tubular, rigid legs of the crane. A support member
extends transversely through the mid portions of the legs and the base end of the mast and supports the mast. In an alternative
embodiment, the legs have telescoping members, and a rolling member is provided on the base end of the stanchion to provide
mobility for the crane. The crane is equipped with lift cylinders and ram that provides the upward thrust to the boom while lifting a
heavy material. The lowering is effected by slacking a screw on the side bottom of the lift cylinder. The base frame can be wide
enough to take the load between the two outstanding legs. The four wheels are provided for the maobility of the crane. It is designed
with two handles, one for lifting purpose, while the other is for pulling crane.

4FT
AWIRE ROPE

HOOK:

2 TON HYDRAULIC
JACK

5FT

WHEELS—__

“SUPPORT

Fig 5: 2D drawing of Mobile crane

1) Base plate: It is a plate that serves as a base or support. It is used for carrying the overall weight of the project. It is made of
mild steel. In this bars are welded by using Electric Arc Welding.

2) Vertical column: This is mounted on the pallet/base plate/truck in longitudinal or Y-direction. It is made of mild steel.

3) Boom: It is the structure which lifts the weight. One end of the boom is attached to the hinge at the top of the mast and the other
end is fixed with a hook to lift the weight. It is also made up of mild steel.

4) Hook: The hook is attached to the end of the boom. The material to be lifted will be attached to the hook and lifted by the
hydraulic action of the cylinder. It is made up of mild steel.

Fig 6: Hook of Mobile Crane
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5) Nuts and Bolts: Nuts and bolts are the hardware fasteners which are used to fasten the various different parts
6) Wheels: This is the component of the machine that makes mobility possible.6 inches of four wheels are used.

Fig 7: Wheels used for Mobile Crane

7) Hydraulic Jack: A hydraulic jack is a jack that uses a liquid to push against a piston. This is based on Pascal’s Principle. The
principle states that pressure in a closed container is the same at all points. If there are two cylinders connected, applying force
to the smaller cylinder will result in the same amount of pressure in the larger cylinder.

Fig 8: Hydraulic Jack

However, since the larger cylinder has more area, the resulting force will be greater. In other words, an increase in area leads to an
increase in force. The greater the difference in size between the two cylinders, the greater the increase in the force will be. A
hydraulic jack operates based on this two cylinder system.

V. ADVANTAGES, DISADVANTAGES AND APPLICATIONS

A. Advantages:

1) Most powerful means of lifting objects: It is one of the most powerful means of lifting objects is with the strength of a hydraulic
crane. By harnessing the strength that liquid under pressure gives, and the ease with which it can be used, it is possible to
transfer a relatively small amount of effort from one place to another, and hydraulic cranes are amongst the most efficient
lifting systems available in the modern workplace.

2) Extremely stable in use: Because the hydraulic cranes use a fixed system of pipes, constant pressure can be maintained once a
part of the system has been moved into place, and this makes them extremely stable in use, and able to support relatively large
weights.

3) Very easy to maintain: Hydraulic cranes are amongst the simplest systems that you can use within any industrial process, and
are very easy to maintain. Provided that all the pumps and pistons are regularly checked for any leaks, and potential stress
points where the levers are supported are inspected for damage, the crane will continue to operate completely reliably for long
periods of time

4) A very versatile tool: Most hydraulic cranes are comparatively light weight, and the ease with which they can be moved from
one area to another within the factory or distribution centre, makes them a very versatile tool with lots of uses on a day to day
basis. From simple loading jobs in your loading bay area where the portable hydraulic cranes can be used to lift objects into a
waiting truck to more complex jobs within the main factory, the lifts will come in very useful.
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5) Quite simple Design: A hydraulic system works with a system of pumps and pistons that are filled with a liquid, usually a light
oil or water. By moving the liquid under pressure from the pumps, pistons can be extended or reduced, and when these pistons
are connected to a system of levers, the pistons can be used to lift surprisingly heavy weights.

B. Application of Cranes

1) Cranes exist in an enormous variety of forms — each tailored to a specific use. Sometimes sizes range from the smallest jib
cranes, used inside workshops, to the tallest tower cranes, used for constructing high buildings. For a while, mini - cranes are
also used for constructing high buildings, in order to facilitate constructions by reaching tight spaces. Finally, we can find larger
floating cranes, generally used to build oil rigs and salvage sunken ships.

2) These days hydraulics principle is being used extensively in material handling processes through cranes. Depending on the
loads to be handled and the operations to be performed there are different types of cranes like Crawler Cranes, Truck Cranes,
and Floor Cranes.

3) Hydraulic Crawler cranes are used for picking and moving huge amount of loads. Generally loads are kept in containers for
Bulk loading.

4) Hydraulic truck cranes have good flexibility with high load carrying capacities. — Hydraulic workshop foldable crane used in
industries for moving small to medium sized materials from one place to other. The load carrying capacity can vary from 80 kg
to half ton.

VI. CONCLUSIONS
The aim of our project was to build a fully functional Hydraulic Mobile Crane mechanism which is capable of lifting load up to 150
kg from the hook attached to the horizontal arm. We accurately achieved our first goal of lifting the load from the hook by up and
down movement of the horizontal arm. We feel that our design and fabrication was a great success both in terms of strength and
stiffness. Our project weighed 20 kg which is capable of lifting load up to 150 kg using hydraulic power.
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