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ABSTRACT:
This project work titled “UNIVERSAL MODERN TRAILER” has been conceived having studied the difficulty in
unloading the materials. Our survey in the regard in several automobile garages, revealed the facts that mostly some
difficult methods were adopted in unloading the materials from the trailer. The trailer will unload the material in only
one single direction. It is difficult to unload the materials in small compact streets and small roads. In our project these
are rectified to unload the trailer in all three sides very easily.

Normal dumper vehicle unload materials only in one direction that to only at the backside of the tipper by using various
powerful pneumatically operated cylinder, which may cause the problems of blockage when the work area is limited. The
Multidirectional dumper overcomes the problem of unloading the vehicle on side way by using mechanical arrangement
(that is using gear and linkage attachment) in our prototype. By using gear and linkage attachment material can be
unloaded in 1800 as per requirement. The Multidirectional dumper is developed and tested for its movement in all 1800
possible angle to unload the materials in the tipper trolley and monitor the inclinations for its gradualism (linearity).

Now a day’s hydraulic and pneumatic system is generally use in trolley for unloading purpose but our aim is to check
performance of mechanical system.
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1. INTRODUCTION:-
A dumper is a vehicle designed for carrying bulk material, often on building sites. Dumpers are distinguished
from dump trucks by configuration: a dumper is usually an open 4-wheeled vehicle with the load skip in front
of the driver, while a truck has its cab in front of the load. The skip can tip to dump the load; this is where the
name "dumper" comes from. They are normally diesel powered. A towing eye is fitted for secondary use as a
site tractor. Dumpers with rubber tracks are used in special circumstances and are popular in some countries.
Early dumpers had a payload of about a ton and were 2-wheel drive, driving on the front axle and steered at
the back wheels. The single cylinder diesel engine (sometimes made by Lister) was started by hand cranking.
The steering wheel turned the back wheels, not front. Having neither electrics nor hydraulics there was not
much to go wrong. The skip was secured by a catch by the driver's feet. When the catch is released, the skip
tips under the weight of its contents at pivot points below, and after being emptied is raised by hand.

Modern dumpers have payloads of up to 10 tones (11 short tons; 9.8 long tons) and usually steer by
articulating at the middle of the chassis (pivot steering). They have multi-cylinder diesel engines, some
turbocharged, electric start and hydraulics for tipping and steering and are more expensive to make and
operate. An A-frame known as a ROPS (Roll- Over Protection) frame may be fitted over the seat to protect
the driver if the dumper rolls over. Some dumpers have FOPS (Falling Object Protection) as well. Lifting
skips are available for discharging above ground level. In the 1990s dumpers with swivel skips, which could
be rotated to tip sideways, became popular, especially for working in narrow sites such as road works.
Dumpers are the most common cause of accidents involving construction plant. A dumper is an integral part
of any construction work and hence its role is important for completion of any constructional site. One of the
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problem are cited with dumper in the time and energy for setting the huge dumper in the proper direction to
dump the material it in carrying and hence the need of the project work riser which is about 3 way dropping
dumper which can dump the material in any direction except the rontal one without moving the truck in any
direction.

Material handling in construction and civil works is one of the basic necessities. The material supply to civil
and construction is provided through trucks, dumper etc. The material should be properly loaded, managed,
stacked, transported and unloaded. The dumper carries the material which is loaded from the site, where the
material is initially stored. It is then loaded to the dumper and transported to the required site and then
unloaded. The major issues raises over here, the incompatibility of the site with the fully loaded dumper
causes a lot of settling time for the trolley to get the material properly arranged and transportation time to
reach its location.

The dumper unloads the material in only one direction. But this incapability can be full new method
mechanism as the Multidirectional dumper. Gothic mechanism is an approach to reduce the idle time to settle
the dumper. The material is unloaded in any direction and hence can be boldly stated as “Multidirectional
Dumper.” The major outcomes of Multidirectional dumper has overcome space requirement which often
result in road blocking. Hence, we have inversion in the existing mechanism providing the unloading in 180
rotations. This mechanism prevents blocking of road, saves time and enhances productivity at lowest cost.

The automotive sector is fast booming section in India. There are variable in automotive industry light and
heavy motor vehicle. Heavy duty vehicle support as the backbone and confront to the working. A dumper
whose material can easily be unloaded in one direction that is mostly to its rear end. These inefficiency is been
overcomes by the Multidirectional dumper.

1.1 Basic idea:-
This idea was came from the visited a constructional site few days ago. There we found that a dumper was
unloading loose material such as sand, gravel, and dirt. A dumper is an integral part of any construction work
and hence its role is important for completion of work on site. Typical dumper trucks can generally unload
material only exactly of its back side. One thing was remarkable that on complicated locations such as on
angular sides and directional sides (left and right) of dumper the unloading of material became quite difficult.
In such conditions dumper truck remained ideal. It consumed extra.

Dumpers are also the most common cause of accidents involving construction site and plant also. A typical
dump truck is equipped with a pneumatically operated open box dead hinged at rear. The front of which can
be lifted up to allow the contents to be deposited on the ground behind the truck at side of delivery. Nowadays
dumpers with swivel skips could be rotated to sideways (3 directional dumper) which become popular,
especially for working in narrow sites such as road works. But still this technology is insufficient for fulfilling
our requirement for complete unload. This technology concerns only on solving the problem of unloading on
directional sides of dumper.

One of the problems is cited with dumper in the time & energy for operating the huge dumper in the proper
direction to dump the material carrying in it hence the need of project work riser was is about Multidirectional
dropping dumpers which dump the material in any direction with moving trolley in any direction. With rise of
chances in technology, it is become essential to find a viable alternative to 3 way dumper system.

2. HISTORY
The very first version of a dump truck used to haul and dump material was nothing more than a simple dump
body style cart drawn by horses. It would have consisted of a two-wheeled cart hinged to the axle with the
center of gravity, when loaded, just behind the axle. The loaded front body was hooked, and when unlatched,
would dump. These carts were used in open mines and pulled by horses along a railway track. After 1900, a
four-wheeled horse-drawn flatbed wagon with a rectangular body lifted with a hand hoist in the front was
employed. In the book, 500 Years of Earthmoving, Heinz- Herbert Cohrs cites that before the first dump
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trucks appeared, excavated materials were being removed and hauled by locomotives and trolleys known as
box tip wagons, dump bodies, and scoop tippers.

2.1 Early Truck Mounted Dump Bodies: The earliest versions of truck mounted dump bodies relied on the
principle of gravity for dumping. The dump body pivoted off center and, when level, would be locked in
place. Releasing the lock would activate the body to dump to the rear. The dump body, when empty, remained
locked in a non-dumping position. When loaded, the dump bodies center of gravity would shift, activating it
to dump. Some of the first trucks with dump bodies designed on this principle appeared as early as 1904 when
the Mann gravity dump was built in England.

2.2 Hydraulic Dump Bodies: Hydraulics were being incorporated into truck mounted dump bodies relatively
early on. Records show that one of the first hydraulic dump bodies was the Robertson Steam Wagon with a
hydraulic hoist that received power from the trucks engine or an independent steam engine. Alley & McLellan
of Glasgow developed another early hydraulic dump body in 1907 that was power-driven by steam. The dump
body was elevated with struts and beams located on the underside in a scissor like pattern. Pulling the beams
close together automatically elevated the dump body. Elevating the dump body allowed the free flow of
material by  along chutes and for some distance from the truck. Four screws in each corner that were powered
by the trucks power take-off could also elevate the dump body. Gravity pitch would be designed into the body
so that coal would feed out from the hopper into the chute. A gate at the bottom of the chute controlled the
outpouring of coal.

2.3 Crawler Tractor-Trailer: In the middle of the 1920s, crawler tractors pulling heavy dump trailers
mounted on wheels or tracks were becoming increasingly popular. Sometimes crawlers would pull two to five
attached trailers. Companies began developing wagons specifically designed for attachment to crawler
tractors. The first versions were mounted on tracks; however, when speed restrictions posed a problem, the
wagons were mounted on wheels to improve speed. Manufacturers of such trailers and haulers included
Euclid, James Hagy, LaPlant-Choate, Rex-Watson, and Streich and Western.

2.4 Euclid Dump Trucks: Euclid was a pioneer in the development of dump trucks. George Armington Jr.,
son of founder George Armington, was a hydraulics designer and made two significant contributions to the
world of dump trucks. These included the modern heavy duty off-highway truck and the wheel tractor bottom
dump wagon. In 1934 the company introduced its 10/11-ton dump truck called the "Trak Truk." It was the
first rear-dump truck that was designed for heavy-duty off road service. This was followed up in 1936 with the
companies 15-ton Model IFD truck that featured a diesel engine, modern drive line, planetary final drives,
leaf-spring suspension, and pneumatic tires. The truck replaced heavy, gasoline powered chain drive Mack
trucks that had previously been used for standard work in construction and mining operations. Another
prominent development was the launch of Euclids wheel tractor bottom dump wagon combination. The wheel
tractor bottom dump had haul road speeds of 30 miles per hour (48 km) and extended haul distances beyond
what was ever considered economically feasible. Along, with LeTourneaus Tournapull, the Euclid bottom
dump was a major advancement in earthmoving.

2.5 Dump Trucks in the 1950s: By the 1940s the technological development of dump trucks had reached its
peak. In the U.S., bottom dump trucks were already dominating earthmoving sites by the 1950s. As the
industry moved away from a reliance on rail operations to haul material, the need for domestically produced
construction site tippers began to emerge. One of the heavy-duty dump trucks manufactured during this time
was by Faun. The truck could carry up to 20 tons and was powered with a 180 horsepower engine. The dump
trucks were considered ―off-highway‖ dump trucks because of their width and axle weights.
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2.6 Saint John First: The dump truck was first conceived in Saint John, New Brunswick when Robert T.
Mawhinney attached a dump box to a flat bed truck in 1920. The lifting device was a winch attached to a
cable that fed over sheave (pulley) mounted on a mast behind the cab. The cable was connected to the lower
front end of the wooden dump box which was attached by a pivot at the back of the truck frame. The operator
turned a crank to raise and lower the box. Today, virtually all dump trucks operate by hydraulics and they
come in a variety of configurations each designed to accomplish a specific task in the construction material
supply chain. This invention was instrumental in the development of our present trucking industry. To create
this first dump truck, a mast was mounted between the cab of the vehicle and the dump box. A cable was
threaded over a sheave at the top of the mast and was connected to a winch at the base of the mast and to the
lower front end of the dump box. The dump box was pivoted at the rear end of the truck frame. A simple
crank handle was used to operate the winch, which raised the front end of the dump box, dumped the load and
then lowered the box. A hydraulic system has since replaced the crank handle, but the basic, concept has
remained unchanged.

Fig- Dump Box for Truck

3. Types of Dump Truck
1. Standard Dump Truck: Another kind of 8x4 dump truck: three rear axles (two powered one lift) [2]. A
standard dump truck is a truck chassis with a dump body mounted to the frame. The bed is raised by a
hydraulic ram mounted under the front of the dumper body between the frames, and the back of the bed is
hinged at the back to the truck. The tailgate can be configured to swing on hinges or it can be configured in
the "High Lift Tailgate" format wherein pneumatic rams lift the gate open and up above the dump body.

2. Articulated Dump Truck: An articulated dump truck, or "Yuke" in the construction world, has a hinge
between the cab and the dump box, but is distinct from semi trailer trucks in that the cab is a permanent
fixture, not a separable vehicle. Steering is accomplished via hydraulic rams that pivot the entire cab, other
than rack and pinion steering on the front axle. This vehicle is highly adaptable to rough terrain. In line with
its use in rough terrain, longer distances and overly flat surfaces tend to cause driveline troubles, and failures.
Articulated trucks are often referred to as the modern scraper, in the sense that they carry a much higher
maintenance burden than most trucks. See the first mass produced articulated dump truck (articulated hauler).

3. Transfer Dump Truck: A transfer dump is a standard dump truck which pulls a separate trailer which can
also be loaded with aggregate (gravel, sand, asphalt, klinkers, snow, wood chips, triple mix, etc.).The second
aggregate container, (B box) on the trailer, is powered by either an electric, pneumatic motor or hydraulic line.
It rolls on small wheels, riding on rails from the trailer's frame, into the empty main dump (A) box. This
maximizes payload capacity without sacrificing the maneuverability of the standard dump truck. Transfer
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dumps are typically seen in the western United States because of the peculiar weight restrictions on western
highways. Another configuration is called a Triple Transfer Train, which consists of a B and C box. These are
common on Nevada and Utah Highways but not in California. Depending on the axle arrangement, a Triple
Transfer can haul up to 129,000 kilograms (280,000 pounds) with a special permit in certain US states. The
Triple Transfer usually costs a contractor about $105 an hour while A/B configures usually runs about $85 per
hour (2007 stats).

4. Truck and pup: A truck and pup is very similar to a transfer dump. It consists of a standard dump truck
pulling a dump trailer. The pup trailer, unlike the transfer, has its own hydraulic ram and is capable of self-
unloading.

5. Super dump truck: A Super dump is a straight dump truck equipped with a trailing axle, a lift able, load-
bearing axle rated as high as 5,897 kg. Trailing 3.35 to 3.96 m behind the rear tandem, the trailing axle
stretches the outer "bridge" measurement—the distance between the first and last axles—to the maximum
overall length allowed. This increases the gross weight allowed under the federal bridge formula, which sets
standards for truck size and weight. Depending on the vehicle length and axle configuration, Super dumps can
be rated as high as 36,287 kg. GVW and carry 26000 short kg (23600 kg; 23200 long kg) of payload or more.
Truck owners call their trailing axle-equipped trucks Super dumps because they far exceed the payload,
productivity, and return on investment of a conventional dump truck. The Super dump and trailing axle
concept was developed by Strong Industries of Houston, Texas.

6. Semi trailer end dump truck: A semi end dump is a tractor-trailer combination wherein the trailer itself
contains the hydraulic hoist. A typical semi end dump has a 3-axle tractor pulling a 2-axle semi-trailer. The
key advantage of a semi end dump is rapid unloading. A key disadvantage is that they are very unstable when
raised in the dumping position limiting their use in many applications where the dumping location is uneven
or off level.

7. Semi trailer bottom dump truck: A semi bottom dump (or "belly dump") is a 3-axle tractor pulling a 2-
axle trailer with a clam shell type dump gate in the belly of the trailer[6]. The key advantage of a semi bottom
dump is its ability to lay material in a wind row (a linear heap). In addition, a semi bottom dump is
maneuverable in reverse, unlike the double and triple trailer configurations described below. These trailers
may be found either of the windrow type shown in the photo, or may be of the 'cross spread' type with the
gates opening front to rear instead of left and right. The cross spread gates will actually spread gravel fairly
evenly the width of the trailer. By comparison, the windrow gates leave a pile in the middle. The cross spreads
jam and do not work well with larger materials. Likewise they are not suitable for use where spreading is not
desired such as when hot asphalt paving material is being dumped into a paving machine.

4. Basic Components:-

1. Chassis
2. Gear
3. Vehicle model frame
4. Trolley
5. Wheel arrangement

4.1 TROLLEY
Tractor Trolleys are very popular and cheaper mode of goods transport in rural as well as urban area. Trolleys
are widely used for transporting agriculture product, building construction material and industrial equipment.
The main requirements of trolley manufacturing are high performance, easy to maintain, longer working life
and robust construction. In this work, the tractor trolleys are used for the agriculture work and sometimes used
for transporting building construction material. These trolleys are divided into two types such as two wheeler
trolleys and four wheeler trolleys. The varieties of trolleys are available and use of particular trolleys depends
upon their application. They are available in various capacities like 3 tonne, 5 tonne, 6 tonne, 8 tonne etc.
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Fig. Trolley

4.2 CHASSIS
A chassis is one of the key components of the trolley. It consists of an internal frame work that supports the
container of tractor trolley in its construction and use. It is a dead vehicle which is connected to the tractor to
carry the load. It serves as a frame work for supporting the body. It should be rigid enough to withstand the
shock, twist, and other stresses & its principle function is to carry the maximum load for static and dynamic
condition safely. An important consideration in chassis design is to have adequate bending stiffness along
with strength for better handling characteristics. The Chassis is used to support the container on which the
load is to be carried out. The trolley chassis main frame is supported at two points over the axle.

Functions of Chassis

 To carry load of the goods carried in the body.
 To withstand the forces caused due to the sudden braking or acceleration.
 To withstand the stresses caused due to the bad road condition.

4.3 GEAR:
Bevel gears is used for rotating the dumper of trailer in desired 3-directions (right, left & back) where the
unloading of material is to be done. The gear mechanisms is situated below the dumper frame, also one solid
bar is attached from bottom of dumper to hold its position while rotating. This bevel gear pair is meshed to
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each other one gear from the pair is attached the one rod. This rod is attached to the handle or motor , another
gear of the pair is mounted on the rigid supporting rod which is attached to the dumper at its bottom.

Fig. Bevel Gear Arrangement

Following figure shows the Gear and Frame arrangement also arrows indicates the direction
movement of given arrangement.

4.4 DC MOTOR:
When load on the trolley is increases with high limit then handle attached to the bevel gear and lead screw is
not sufficient for providing the required torque for unloading the required load, so in this case depending upon
the load, the relative toque motor is attached to the bevel gear and lead screw arrangement, so our model is
automated for unloading of given load.

A DC Motor is a simple working device which converts electrical energy
directly into mechanical energy by the principle of electromagnetic induction. DC Motor used here is of 12
V,60 RPM having 7 teeth and it is used to rotate the gear. Motor has a load carrying capacity of maximum 50
Kg.

Fig. DC Motor

4.5 BATTERY:
Battery used is a 12V, 7A Lead Acid battery. Lead acid batteries plays significant role in automobile motors.
Despite having a very low energy-to-weight ratio and a low energy-to-volume ratio, its ability to supply high
surge current means that the cells have a relatively large power to weight ratio. These features, along with
their low cost, make it attractive for use in motor vehicles to provide the high current required by automobile
starter motors.
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Fig. Battery

4.6 LEAD SCREW
Lead screw & nut plays the main role for unloading the materials, as it works on principle of working of screw
jack. in which lead screw mounted on the frame on which two nut is mounted, this nut is attached to the two
link. This two link is attached to the trolley which carry out unloading operation when lead screw is rotated
with the help of handle or required torque motor.

Thus, Lead screws convert rotary motion to linear motion and come in a wide variety of configurations.
Screws are available with different lengths, diameters, and thread pitches. Nuts range from the simple plastic
variety to precision ground versions with recirculating ball bearings that can achieve very high accuracy. The
combination of micro stepping and a quality lead screw provides exceptional positioning resolution for many
applications. A typical 10-pitch (10 threads per inch) screw attached to a 25,000 step/rev. motor provides a
linear resolution of 0.000004" (4 millionths, or approximately 0.1 micron) per step. A flexible coupling should
be used between the lead screw and the motor to provide some damping. The coupling will also prevent
excessive motor bearing loading due to any misalignment.In following figure, arrows represents the working
of screw jack and nut.

Fig. Lead Screw

5. Material selection:
1. MS Steel
2. GI Sheet
5.1 Mild Steel (M.S)
Mild steel id used for fabrication of frame, lead screw, nuts, and gears. It is cheapest material available in the
market also weildability of mild steel is very good and also machining of mild steel is easy also it causes the
following properties.
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5.1.1 Stress – strain behavior: tensile test
The stress-strain curve for steel is generally obtained from tensile test on standard specimens as shown in
Fig.1.4. The details of the specimen and the method of testing is elaborated in IS: 1608 (1995). The important
parameters are the gauge length ‘Lc’ and the initial cross section area So. The loads are applied through the
threaded or shouldered ends. The initial gauge length is taken as 5.65 (So) 1/2 in the case of rectangular
specimen and it is five times the diameter in the case of circular specimen. A typical stress-strain curve of the
tensile test coupon is shown in Fig.1.5 in which a sharp change in yield point followed by plastic strain is
observed. After a certain amount of the plastic deformation of the material, due to reorientation of the crystal
structure an increase in load is observed with increase in strain. This range is called the strain hardening range.
After a little increase in load, the specimen eventually fractures. After the failure it is seen that the fractured
surface of the two pieces form a cup and cone arrangement. This cup and cone fracture is considered to be an
indication of ductile fracture. It is seen from Fig.1.5 that the elastic strain is up to ey followed by a yield
plateau between strains ey and esh and a strain hardening range start at esh and the specimen fail at eult where
ey, esh and eult are the strains at onset of yielding, strain hardening and failure respectively.

Fig 1.4. Standard tensile test specimen

Fig 1.5. Stress strain curve for mild steel
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Depending on the steel used, εsh generally varies between 5 and 15 εy, with an average value of 10 εy
typically used in many applications. For all structural steels, the modulus of elasticity can be taken as 205,000
MPa and the tangent modus at the onset of strain hardening is roughly 1/30th of that value or approximately
6700 MPa.

5.1.2 Hardness
Hardness is regarded as the resistance of a material to indentations and scratching. This is generally
determined by forcing an indentor on to the surface. The resultant deformation in steel is both elastic and
plastic. There are several methods using which the hardness of a metal could be found out. They basically
differ in the form of the indentor, which is used on to the surface. They are presented in Table 1.2.
In all the above cases, hardness number is related to the ratio of the applied load to the surface area of the
indentation formed. The testing procedure involves forcing the indentor on to the surface at a particular road.
On removal, the size of indentation is measured using a microscope. Based on the size of the indentation
hardness is worked out. For example, Brinell hardness (BHN) is given by the ratio of the applied load and
spherical area of the indentation i.e.

Table 1.2 Hardness testing methods and their indentors
Hardness testing method Indentor

(a) Brinell hardness Steel b all

(b) Vickers hardness Square based diamond pyramids of 135o included angle

(c) Rockwell hardness Diam one core with 120o included angle

Note: Rockwell hardness testing is not normally used for structural steels.
Table 1.3 Mechanical properties of some typical structural steels

Hardness Testing Method Indentor

(a) Brinell hardness Steel b all

(b) Vickers hardness Square based diamond pyramids of 135o
included angle

(c)Rockwell hardness Diamond core with 120o included angle

Note : Rockwell hardness testing is not normally used for structural steels.

5.2 Galvanized Iron Sheet (G.I.)
It is used for fabrication of trolley, because of it poses the following properties.

Corrosion protection methods employed to protect steel include: altering the metal by alloying, changing the
environment by lowering its humidity or by using inhibitors, controlling electrochemical potential by applying
cathodic or anodic currents and applying organic and metallic coatings (Parisot et al., 2004). Application of
metallic coatings by a continuous hot dip process is one of the most widely used means of protecting steel. In
this process, the metallic strip is fed through a bath of molten coating metal in a continuous process.

By BNF Metals technology center and ILZRO testing conducted in this study determined hot – dip
galvanizing does not affect tensile strength, proof strength, bend or impact properties of structural steel.Small
changes in some mechanical properties were detected after steel that had been cold worked went through the
galvanizing process. Larger bend radii were found to lessen this effect on cold worked steel that were later
galvanized.

6. Design of Bevel gear:-
Bevel gears must be assembled in a specific way to ensure smooth running and optimum load distribution
between gears. While it is certainly true that the “setting” or “laying out” of a pair of bevel gears is more
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complicated than laying out a pair of spur gears, it is also true that following the correct procedure can make
the task much easier. You cannot install bevel gears in the same manner as spur and helical gears and expect
them to behave and perform as well; to optimize the performance of any two bevel gears, the gears must be
positioned together so that they run smoothly without binding and/or excessive backlash. Bevel gears can
include straight, spiral, Zerol, hypoid and Spiroid (to address the differences between each one is beyond the
scope of this guide). Because these types of bevel gears are basically conical in shape, they all have an
optimum position for best performance. Usually the manufacturer of the bevel gear determines this optimum
position by running tests of individual gear sets. However, the gearbox designer and assembly technician
share responsibility for incorporating this optimum positioning in the gearbox. The designer must provide
shimming dimensions that are easy to measure in order to aid the fitter/technician in assembling the overall
gearbox. The aim of this guide is to provide instruction on how best to accomplish this.

6.1 Key Factors
Various parameters contribute to proper gearbox assembly that help ensure smooth and efficient operation; the
two most important criteria are:

1. Mounting distance

2. Backlash

Mounting distance
The distance from a locating surface on the back of one gear (most commonly a bearing seat) to the center-
line of a mating gear is the mounting distance. In some cases, for convenience, a front surface may be used for
the assembly. This is the most important parameter for ensuring correct and optimal operation.

Typically, the pitch cone apex-to-crown-value is a fixed, nominal value determined by a formula. The
dimension between the mounting surface (in Figure 2 it is the bearing seat) and the crown point will have a
tolerance; it is common to see a tolerance of ± 0.05 mm up to ± 0.1 mm. Obviously the mounting distance is
the addition of the two values and will therefore also have a tolerance.

Backlash
The second most important variable for a pair of bevel gears is backlash—i.e., the space between mating gear
teeth or the difference in width of the gear tooth and pinion tooth of the mating gear. Unless otherwise
specified, it is measured at the tightest point of the mesh. Backlash is necessary to achieve correct operation of
the gears and varies with the size of the tooth and operating conditions. Bevel gears are cut to have a definite
amount of backlash when correctly assembled together. But excessive backlash or play, if great enough, can
cause a sudden impulse or shock load in starting or reversing that may cause serious tooth damage. Excessive
or insufficient backlash can also result in noise, excessive wear and damage. Backlash can be changed by
changing the position of one or both gears.

Fig. Bevel Gear profile
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6.2  Types of bevel gears
Bevel gears are suitable for transmitting power between shafts at practically any angle or speed. However, the
particular type of gear best suited for a specific application is dependent upon the mountings, available space,
and operating conditions.

6.2.1 Straight bevels
Straight bevel gears are the simplest form of bevel gears. Contact on the driven gear begins at the top of the
tooth and progresses toward the root. They have teeth which are straight and tapered which, if extended
inward, would intersect in a common point at the axis.

6.2.2 Spiral bevels
Spiral bevel gears have curved oblique teeth on which contact begins at one end of the tooth and progresses
smoothly to the other end. They mesh with contact similar to straight bevels but as the result of additional
overlapping tooth action, the motion will be transmitted more smoothly than by straight bevel or zerol bevel
gears. This reduces noise and vibration especially noticeable at high speeds. Spiral bevel gears can also have
their tooth surfaces precision finished.

6.2.3 Zerol bevels
Zerol bevel gears as well as other spiral bevel gears with zero spiral angle have curved teeth which are in the
same general direction as straight bevel teeth. They produce the same thrust loads on the bearings and can be
used in the same mounting, have smooth operating characteristics, and are manufactured on the same
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machines as spiral bevel gears. Zerol bevels can also have their tooth surfaces precision finished. Gears with
spiral angles less than 10 degrees are sometimes referred to by the name zerol.

6.2.4 Hypoids
Hypoid gears are similar to spiral bevel gears except that the pinion axis is offset above or below the gear axis.
If there is sufficient offset, the shafts may pass one another, and a compact straddle mounting can be used on
the gear and pinion. Hypoid gears can also have their tooth surfaces precision finished.

7. WORKING
In our model, previous components are used, each one have its own role in operation such as unloading and
rotation of trolley, as these components were discussed above such as gear, trolley and lead screw., further
details about the working of these components is as given below.

7.1 Unloading motion:

Lead screw, nut and link are the main components use for providing unloading motion of trolley this
components as shown in the following figure are Trolley is the main component of our model. It carries load
of the materials loaded inside of it.
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Fig. Working of Trolley

In above figure arrow representation shows the working of trolley, in which lead screw shown below the
trolley which is fitted in the bearing which is attached to the main frame on which trolley is mounted as shown
in above figure. On that lead screw two nut is mounted called as Nut-1 (i.e., front nut) and Nut-2 (i.e., rear end
nut), one end of one link is attached to the Nut-2 and other end is attached to the trolley at its lower side
shown in figure. Another link is fitted on the Nut-1 with one end is attached to the nut and other end is
attached to the first link which is attached to the Nut-2 and trolley at required distance.

When lead screw is rotated with the help of motor or manually Nut-1 mounted on the lead screw move
backward as it work on the working principle of screw jack as we discuss above. Nut-2 is fixed on the lead
screw, due to the backward motion of nut-1 link attached to it lifted upward but this link attached to the
another link which is attached to the Nut-2 due to the lifting motion of link attached to the Nut -1 also lifted
up second end of this link attached to the trolley at its bottom due to the lifting motion of link trolley also
lifted up as shown in above figure with arrow representation.

7.2 Circular motion
This is the additional motion as we providing in our model this motion is due to combine effect of two bevel
gear this bevel gear arrangement is as shown in below figure.

Fig. bevel gear working
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As shown in above figure one beam is attached to the trolley frame and its another end is attached to the
chassis at its lower end, that beam one bevel gear is mount and another gear is bevel gear is mounted on the
rod which is in mesh with the first bevel gear which is mounted on the beam as shown in the above figure rod
is attached to the second gear must be passing throughout the bearing so that it avoid the roughing action and
providing the smooth motion.

When second bevel gear is rotated which is mounted on the rod with help of motor or manually as
it mesh with the first gear first gear providing the motion to the second gear as this second gear is mounted on
the beam this beam is also rotated as this beam is attached to the frame of trolley this frame is also rotated
with the required angle as we required, in above figure arrow representation shows the overall working of
bevel gear that are use for providing circular motion.

7.3 Wheel arrangement & chassis
In our we are use the four wheel depending upon our requirement and design we can also use the two wheel
having two wheel is at the rear end of the trolley, as this system is use now a days in conventional trolley at
the required position as we calculated from design.

Chassis is the base of our model on which entire structure is build, this chassis is mounted on the
wheel as shown in the below figure.

Fig. Wheel arrangement and Chassis

8. Advantages and Limitation
Advantages:-

Following are the advantages of fabrication of our model.

1. Can be used in very compact places, where the reversing & turning of  vehicle is  difficult.
2. Maintenance requirement is less.
3. Labour cost while unloading will be declined.
4. Less power consumption.
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5. Installation is very much simplified and economical.
6. Increased moving ability: Thus, it does not become tiresome to perform the  job.
7. Less skill technicians is sufficient to operate.

Limitations
1. As compared to conventional hydraulic trailers loading capacity is relatively less, for more unloading of

materials complexity is increased in mechanism which require large capacity of motor.
2. Efficiency decreases due to wear and tear in  some mechanical parts such as gears and lead screw.
3. Increased complexity: As it requires complex mechanism for getting desired output.
4. Cost increases: As more will be the complications to perform the operation, more will be the cost

encountered with it.
5. Maintenance increases: More parts in working leads to more maintenance.

9. CALCULATION
9.1. Design of lead screw

The torque required to drive load W using a lead screw with pitch (p) and efficiency (e) has the following
components:

TTotal = TFriction + TAcceleration

TFriction = ___F___

2πpe
Where:

F = frictional force in ounces

p = pitch in revs/in

e = lead screw efficiency

F = µs W for horizontal surfaces
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Where, µs = coefficient of static friction and W is the weight of the load. This friction component is often
called “breakaway”.
Dynamic Friction: F = µDW is the coefficient to use for friction during a move profile. However, torque
calculations for acceleration should use the worst case friction coefficient, µs.

TAccel = _1 (JLoad + JLeadscrew + JMotor) ω
g t

ω = 2πpv

JLoad = _ω_ ;  JLeadscrew = πLρR4

2πpv                          2
Where:

T = torque, oz-in

ω = angular velocity, radians/sec
t = time, seconds

v = linear velocity, in/sec

L = length, inches

R = radius, inches

ρ = density, ounces/in3
g = gravity constant, 386 in/sec2

The formula for load inertia converts linear inertia into the rotational equivalent as reflected to the motor shaft
by the lead screw diameter. Assume that the lead screw has an Acme thread and uses a plastic nut. Motor
inertia is given as 6.56 oz-in2. In this example, we assume a horizontally oriented lead screw where the force
of gravity is perpendicular to the direction of motion. In non-horizontal orientations, lead screws will transmit
varying degrees of influence from gravity to the motor, depending on the angle of inclination. Compumotor
Sizing Software automatically calculates these torques using vector analysis.

Load = 25kg = 25×9.81 = 250N

Permissible stress = Yield point stress

Factor of Safety

Yield point stress for M.S Load = 240 N/mm2 ............................... (Design data book B.D.Shivalkar)

Consider,

FOS = 2

σst = 240/2  = 120N/mm2

σS or τ = 60 N/mm2

Design of Square Thread screw

cosθ = 180/240 = 41.40°
F = w = 246

2tanθ            2tan(41.40)
F = 139.51N

Total tensile pull on the square threaded rod,
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W1 = 2*9 = 279N

We know that on the screw (W1)

279 = n/4 × (dc)2 × σt

Consider σt = 120 N/mm2 ....................(From design data book B.D. Shivalkar Table II -7)

Yield stress for M.S. material screw 240N/mm2 & factor of safety taking 2 so,

FOS = (syb)Yield Stress/ Working or permissible stress = 240

Working or permissible stress = 240/2 = 120 N/mm2

Let, we know that load on the screw

W1 = π/4 (dc)2 × σt

279 = π/4 × (dc)2 × (120)

[dc =1.72mm]          say 10mm

Since the screw is also subjected to torsional shear stress, therefore to account for this , let us adopt.

dc = 14mm

For dc = 14mm ,taking pitch = 2mm

From table no 171 a textbook of machine design (R.S.Khurmi & J.K.Gupta)

Nominal or outer diameter of screw

do = dc  + pitch = 14+2 = 16mm

And mean diameter of screw

d = (do + dc)/2 + (16+14)/2 = 15mm

lets check for principal stresses

we know that,

tanα = P/πd = 2/π×15 = 0.0424

we know that effort required to rotate the screw,

P = W1 tan(α+β) = W1 (tanα + tanβ / 1-0.0424 × 0.20)

= 279 (0.0404 + 0.20/1- (0.0424×0.20)

= 68.20 N

Torque required to rotate the screw

T = P × d/2 + 68.20 × 15/2 = 511.5 N.mm

And shear stress in the screw due to torque

σs = 16T/π(dc)2 = 16 × 511.5/π × (14)3 = 0.9493 N/mm2

We know that, tensile stress in the screw,

σt = W1/ (π/4) × (dc)2 = 279/(π/4) × (14)2 = 1.8124 N/mm2

Maximum Principal (Tensile) stress

(σt)max = σt/2 + 1/2 √ (σt)2 + 4 (σs)2

= 1.8124/2 + 1/2 (√(1.8124)2 + 4 (0.9493)2)

= 2.2185 N/mm2

And maximum shear stress,

σs = 1/2 √σt
2 + 4 σs

2 = 1/2 √(1.8124)2 + 4 (0.9493)2

σs = 1.3123 N/mm2

Since the maximum stresses are within safe limits, therefore the design of square thread screw is satisfactory.
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9.2 Design of nut:
n = number of thread in contact with the screw (i.e. square threaded rod)

Assuming that the load W1 is distributed uniformly over the cross-sectional area of the nut, therefore bearing
pressure the thread (Pb)

Value of Pb = 14 N/mm2 (From design data book B.D.Shivalkar Table IX -2)

Pb = W1/(π/4)[do2-dc2]×n

14 = 279/(π/4)[162 - 142]×n = 0.42

In order to have good stability and also to prevent rocking of the screw in the nut we shall provide n=4 threads
in the nut. The thickness of the nut.

t = n × p = 4 × 2 = 8mm

the width of the nut (b) is taken as 1.5do.

b = 1.5do = 1.5 × 16 = 24

9.3. Design of handle:
1) Length of handle

T = P × l ................................ (1)

From above equation find the effective length of handle ‘l’
By using the force ‘P’ 250N to 350N which can be apply by a single person comfortably to operate a lead
screw in modern trailer.

Length of handle (l) = T/P = 511.5/300

l = 1.75 = 2mm

But total length of handle

L = l + griping allowance

L = 2 + 150 = 152mm

2) Diameter of handle

Little consideration is an excessive force applied at the end of handle will causes bending. Considering
bonding effect

σb = M/Z

M = force × length of handle

Z = π/32 × (D)3

Assuming that the material of handle is same as that of screw therefore taking bending stress

σb =  σt = σDL /2 = 120N/mm2

we know that bending moment (M)

300 × 152 = π/32 × (D)3 × σb

300 × 152 = π/32 × (D)3 × 120

D = 15.70 = 16mm

9.4. Design of links
Due to the load the links may be buckle in two planes at right angles to each other, for buckling in the vertical
plane the links are considered as hinged at both ends and for buckling in a plane perpendicular to the vertical
plane. it is considered as fixed at
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= F/2 = 139.51/2 = 69.75 N

Assuming factor of safety = 2

The links must be designed for a buckling load

Wcr = 69.75 × 2 = 139.51 N

Let t1 = thickness of the link and

b1 = width of the link

And moment of inertia of the cross-section of the link

I = 1/12 × t1 × (b1)3

Assuming width of the link is three times the thickness of the link i.e.

b1 = t1 × 3t1 = 3(t1)2

I = 1/12 × t1 (b1)3

= 1/12 × t1 (3t1)3

I = 2.25(t1)4

We know that radius of gyration

K = √I/A = √2.25(t1)4/3(t1)2 = 0.866t1

Since for buckling of the link in the vertical plane the ends are considered as hinged, therefore equivalent
length of the link

L = l = 240mm

And Rankine’s constant, a = 1/7500
According to Rankine;s Formula buckling load (Wcr).

139.51 = σc × A / 1 + a (L/K)2 = 100 × 3t1/1 + 10.24/ t1
2

139.51/300 = (t1)4/ (t1)2 + 10.24

t1 = 1.55 say 2mm

b1= 3 × t1 = 3 × 2 = 6mm

Now let us consider the buckling of the link in a plane perpendicular to the vertical plane.

Moment of inertia of the cross-section of the link

I = 1/12 × b1 × (t1)3 = 1/12 × 3 t1 (t1)3 = 0.25 (t1)4

& cross sectional area of the link

A = t1 × b1 = t1 × 3t1 = 3(t1)2

Radius of Gyration,

K = √I/A = √0.25 (t1)4/3(t1)2 = 0.29t1

Since for buckling of the link in a plane perpendicular to the vertical plane the ends are consider as fixed,
therefore equivalent length of the link.

L = l/2 = 240/2 = 120mm

Again according to the Rankine’s formula buckling load
Wcr = σc × A / 1 + a (L/K)2 = 100 × 3(t1)2/1+(1/7500)(120/0.29t)2

= 300(t1)2/1+22.8/(t1)2

Substitute the value of t1 = 2mm, we have,

Wcr = 300 × (2)2/1+22.8/(2)2 = 179.10 N

Since this buckling load is more than the calculated value (i.e. 139.5 N)
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Therefore the link is safe for buckling in a plane perpendicular to the vertical plane.

We may take t1 = 2mm & b1 = 6mm.

9.5. Design of Bevel Gear
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Allowable working stress =139.95 N/MM2

Tangential load on the pinion=2.89 N/MM2

Calculation for Module (M)

Allowable working stress =140(280/280+V)

Tangential load on the pinion = (6op*cv) b π M YP(L-B/L)

Assume RPM of pinion & RPM of gear is V.R. =NP/NG =15/15=1

Power P=15 w

Torque T=P*60/2 π NP =15*60/2*3.14*15 =9.54 N-M

Pitch line velocity V= π DP NP/1000 = π m TP NP/1000 =0.4495*M m/min
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TEP= TP sec ϴp1 =30 *sec 45 =42.42*

Yp1=0.124-0.686/Tep =0.124-0.686/35.8 =0.105

Allowable working stress =139.95 N/MM2 = 140(280/280+0.4495*M)

M=0.22 mm

ϴp=tan-1 (1/v.r.)=tan-1 (1/1)=450

L=m*9.54/2*sin45=1.4840 mm

D=L/4=1.48/4=0.37mm

Addendum =a=1*M=0.22mm

Dedendum =b=1.2*M=0.264mm

Clearance =0.2 *M=0.044mm

Working depth =2*M=0.44 mm

Thickness of tooth = 1.5708*M =0.345576 mm

Gear diameter=48.84 mm

Inner diameter =17.50 mm

10. Conclusion
This project work has provided us an excellent opportunity and experience, to use our limited knowledge. We
gained a lot of practical knowledge regarding, planning, purchasing, assembling and machining while doing
this project work. We feel that the project work is a good solution to bridge the gates between institution and
industries.

We are proud that we have completed the work with the limited time successfully. The
“UNIVERSAL MODERN TRAILER” is working with satisfactory conditions. We are able to understand the
difficulties in maintaining the tolerances and also quality. We have done to our ability and skill making
maximum use of available facilities. In conclusion remarks of our project work, let us add a few more lines
about our impression project work Thus we have developed a “UNIVERSAL MODERN TRAILER” which
helps to know how to achieve low cost automation. The operating procedure of this system is very simple, so
any person can operate.

By using more techniques, they can be modified and developed according to the applications.

Till now we were using the trolley with single way dumping mechanism. After literature survey it is found
that the traditional method used in trolley consumes a lot of time as well as energy. It also requires trained
personnel for activating the mechanism. So these problems present in traditional method could be overcome
by proposed mechanism. After few modifications, and working on disadvantages will put this project work in
the main league of use. This concept saves time and may lead to efficient working. The constructional work or
the infrastructural work demands efficient and user friendly machineries which may lead to more and more
use of the present project work.

Trolley has lots of applications in today’s world. In industrial and domestic considerations,
tippers can pull a variety of products including gravel, grain, sand, fertilizer, heavy rocks, etc. The older
dropping trolley/dumper has been conceived by observing the difficulty in unloading the materials.

“UNIVERSAL MODERN TRAILER” is nothing but one of the Lifting system in automobile at the time of
emergency. In this Lifting system lead screw and gear mechanisms operated one. Here the additional motor
and microcontroller is provided in the automobile itself.

In this paper, the motor and microcontroller is used to activate/deactivate the rotation of
shaft and lead screw. The motor is „ON‟ at the time of emergency; rotated the lead screw and bevel gear shaft.
Nut and links arrangement mounted on the lead screw is also activated and unloading action is carry out.
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Some other devices such as microcontroller and switch arrangement is also use to control the required motion
and rpm of lead screw .The switch and microcontroller arrangement is fixed in near of the driving persons in
the four wheeler.  The switch was ON at the time of emergency, the motor was activated. The RPM of lead
screw before it rpm of motor is control by microcontroller. When we are use motor instead of manual work
then power for the motor is providing form the battery.
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