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Abstract— To survive in the present scenario of the market 

the cost reduction techniques play a very important role. Also 

the weight reduction techniques and simplicity in design are 

equally important. Small scale industries in rural areas 

produce farming machinery, thrashers, tractor trolleys etc. 

But the biggest tragedy is these products are not properly 

designed. Small or medium scale industries produce tractor 

trolleys. Manufacturing methods, component designs vary in 

all the components manufactured parts. 
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I. INTRODUCTION 

As per the survey more number of accidents happen due to 

more number of trolleys connected to a single tractor along 

with more load and it becomes difficult for the driver to 

control the tractor and its attachment trolleys. In our project 

we have designed a collapsible trolley that can be adjusted 

in size. So to eliminate all the trolley related problems and 

reduce the cost we have designed a simple trolley so that the 

work of two trolleys can be done in a single trolley. With 

this kind of design it becomes easy for the drivers to drive 

the tractor and the trolley to the long distance safely. 

II. LITERATURE SURVEY 

In the year 2015 Indrasen Karogal and Beshah Ayalew have 

compared torque distribution management strategies for 

vehicle stability control of vehicles with independently 

driven wheels. Yaw rate and lateral acceleration criteria 

were considered for the study [1]. In the year 2014 Ms. 

Kshitija A. Bhat, Prof. Harish V. Katore have redesigned the 

trolley because of several disadvantages associated with its 

original design. The trolley failures occur because of excess 

material usage and self weight. In dynamic loading 

conditions the leaf springs and axle undergo failure. All 

these problems could be overcome by simulating in FE 

model [2]. Recently in the year 2016 Arun Shinde has 

performed the stress analysis of an actual Tractor trolley 

chassis structure consisting of C section beams design 

application of 6 tonne. The material of structure is Mild 

Steel with 248 MPa of yield strength. Design optimization 

done by keeping the material and dimension constant and 

using sensitive analysis reduction in weight happen. As raw 

material required is less, cost of chassis ultimately reduces 

[3]. Happy Bansal has redesigned trolley considering the 

static load conditions. A CAD model is prepared using 

ANSYS 12.0 as a tool. Improved cross section for the axle is 

calculated which resulted in the 11.5 % reduction in the 

weight of the axle. The axle dimensions are redesigned to 40 

x 80 mm which is comparatively smaller than the old axle. 

The design is optimized based on the manufacturing cost of 

the axle [4]. A. K. Acharya has analyzed the failure of the 

axle occurring on the root of the spline of the rear axle of a 

tractor used with a loaded trolley for haulage purposes 

within a span of 600 to 1000 hours of operation and the 

recurrence of such failure even after replacement of the 

failed component. The analysis has been made from the 

point of view of mechanics and certain simple feasible 

measures have been proposed for preventing the failure [5]. 

A. Nicolas J. Cugnot 

In 1789 Nicolas J. Cugnot invented the first tractor trolley. 

He thought of attaching the regular trolley to a tractor which 

could help tractor to utilize it to pull the loads. This 

invention helped to carry heavy loads from one place to 

another. 

 
Fig. 1: Nicolas J. Cugnot’s First Tractor Trolley 

 
Fig. 2: Graff and Hipple model 

B. Graff and Hipple 

In 1884, Graff and Hipple came up with the idea of 

mechanism of dumping a trolley automatically with the help 

of a hydraulic cylinder. They successfully developed this 

dumping trolley which proved useful in dumping the heavy 

loads easily which could have been a difficult and time 

consuming task to do it manually. 

 
Fig. 3: First Lowboy Trolley 

C. Mathew F. 

Mathew F., in 1945, worked on first lowboy trolley. These 

trolleys offered ability to carry legal loads up to 12 ft. tall.    



Prototype of Collapsible Trolley: A New Design Methodology 

 (IJSRD/Vol. 4/Issue 05/2016/384) 

 

 All rights reserved by www.ijsrd.com 1568 

 
Fig. 4: Kishan equipment’s commercial trolleys 

Kishan Equipments: Kishan equipments is the 

Indian company to remarkably contribute commercial 

trolleys in our country. It made easily available the tractor 

trolleys to Indian market. 

III. CONSTRUCTION AND WORKING PRINCIPLE 

Two trolley parts are connected with sliding contact pair. 

One of the trolley parts is supported by two axles with two 

wheels each. Another trolley part is supported by one axle 

with two wheels. Two trolleys are free to slide over each 

over. When the  trolley have to be loaded the trolley is 

expanded by using hydraulic force provided by hydraulic 

cylinder so arranged conveniently under the trolleys. 

Whenever the trolley is empty, the trolley can be 

compressed back to smaller size by operating the hydraulic 

cylinder. The hydraulic cylinder can be operated by 

hydraulic pump in the tractor and does not need separate 

operating system. The trolley axle is a central shaft for 

rotating wheels. At the axle support wheels are fixed using 

bearings. The position of the wheels relative to each other is 

maintained by the vehicle body. Dead axle does not transmit 

power like the front axle in a rear wheel drive is dead axle. 

 
Fig. 5: Side View of Collapsed Trolley 

 
Fig. 6: Top View 

 
Fig. 7: Side View of Expanded Trolley 

 
Fig. 8: Top View of Expanded Trolley 

IV. MANUFACTURING OF PARTS INVOLVED 

A. Turning 

In turning a piece of material is rotated and a cutting tool is 

traversed along two axes of motion and produce precise 

diameters and depths. Turning can be either on the outside 

of the cylinder or on the inside to produce tubular 

components of various geometries. Turning processes are 

typically carried out on lathe. Nowadays also CNC 

machines can do turning operations. In our project, we have 

turned the rod joining the wheels with the axle. 

B. Drilling 

Drilling is a cutting process that uses a drill bit to cut or 

enlarge a hole in solid materials. We have performed 

drilling on the shaft which bears the wheels. 

C. Cutting 

Cutting is the process of making parts of the material using a 

sharp cutting tool. We have done the cutting of sheet metal 

using a hacksaw. 

D. Welding 

Welding is process of joining together two similar or 

dissimilar metal parts by heating the surfaces to the point of 

melting with a blow pipe, electric arc, or other means and 

uniting them. In present work welding process is used to 

join all the steel plates. 

E. Threading 

Threading is the operation of forming the threads on the 

outer side or the inner side of the shaft. We have threaded 

the shaft which bears the wheels to fasten the spindle nut. 

V. DESIGN CALCULATIONS 

A. Design of Axle (Static Load Analysis) 

Consider real size model of the trolley. A fully loaded 

trolley model is considered while calculating the static loads 

for design calculations. The total capacity of the trolley is 

180 KN. We have three axles. The  load on one axle to be 

60KN. Self weight of trolley and the axle assembly is 13 

KN. Gross weight over the axle is 73 KN. The trolley 

chassis main frame is supported at two points over the axle. 

At Point C & E shown in the below diagram the total load 

divided equally. 

The trolley chassis main frame is supported at two 

points over the axle as shown in below figure. An isolator 
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spring connects the chassis to wheel axle at two points 

through which transfer the total load on the axle as 

concentrated loads. By using hook joint the trolley is 

connected to the tractor. The trolley is provided with landing 

legs towards the front of the trailer that supports the trailer 

when it is being not supported by the tractor. 

 
Fig. 9: Trolley Chassis Main Frame 

B. Shear Force and Bending Moment on Axle 

From load diagram, RA and RB show the supports or 

reactions provided by the tires of trolley. The 75 kg load 

shows the self weight of axle and 3650+3650=7300 kg i.e. 

73000 N is load of goods on trolley for which it is designed 

and this load is divided at points A and B equally as point 

loads and  acting on the axle as shown above in the load 

diagram. 

Now for equilibrium 

Sum of upward loads = Sum of downward loads 

i.e. R A + RB = 36500+750+36500 = 73750 N 

Now to find the reactions RA and RB , 

Taking moment about R A 

RB x 1310 = 36500 x 1155 +750 x 655 + 36500 x 155 

RB x 1310 = 48306250 

RB = 48306250/1310 = 36875 N 

Therefore R A = 36875 N 

1) Calculations for Shear Forces acting on beam 

Considering R.H.S. & taking downward loads aspositive 

and upward loads as negative 

SFB = - RB = - 36875 N 

SFE (up to E) = - 36875 N 

SFE (at E) = - 36875 + 36500 = - 375 N 

SFD (up to D) = - 375 N 

SFD (at D) = -375 + 750 = 375 N 

SFC (up to C) = 375 N 

SFC (at C) = 375 + 36500 = 36875 N 

SFA = 36875 N 

C. Calculations for Bending Moments 

Right hand side sagging moments are taken as as positive & 

hogging moments are taken as negative. At point D the 

maximum bending momentum will occur due to the 

symmetrical loaing on its exttreme ends. Also at point D the 

Shear force changes the sign from negative to positive, so 

the Bending moment will be Maximum at point D. 

Mmax = MD = RB x 655 – 36500 x 500 = 5903125 N-mm 

MB = RB x 0 = 0 

ME = RB x 155 – 36500 x 0 = 5715625 N-mm 

MC = RB x 1155 – 36500 x 1000 – 750 x 500  

= 5715625 N-mm 

MA = RB x 1310 – 36500 x 1155 – 750 x 655 – 36500 x 

155 = 0 

D. Calculations for Existing Design 

Volume of hollow portion = (902 – 752) x 1100 

= 2722500 mm3 

Volume of solid portion = 752 x 800 = 4500000 mm3 

Total volume = 2722500 + 4500000 = 7222500 mm3 

= 0.0072225 m3 

Mass = density x volume= 7800 x 0.0072225 =56.4 kg 

As per General bending equation: M/I = σ/y 

Now we will find the bending stress induced in the 

existing axle due to maximum bending moment of value 

5903125 N-mm by using bending equation 

Mmax/ Imin = σ/ ymax 

For cross section of existing axle, ymax = 90/2 = 

45 mm 

And M.O.I = bd3/12 for rectangular or square 

sections 

Therefore I = 75 x 753/12 

i.e. I =2636719 mm4 for solid portion & I = 90 x 903/12 - 75 

x 753/12 

i.e. I = 2830782 mm4 for hollow portion 

Thus Imin = 2636719 mm4 

Therefore from bending equation 

5903125/2636719 = σ /4 

i.e. bending stress , σ =100.75 N/mm2 = 100.75 MPa 

Which is well below the allowable bending stress 

430 MPa. Hence existing axle is safe and its weight is 56.4 

kg. 

E. Design Components 

 
Fig. 10: Axle 

The trolley axle itself acts as a central shaft for rotating 

wheels. Using bearing or bushings at the two ends of the 

axle the wheels are mounted.The axle maintains the position 

of the wheels relative to each other and to the vehicle body. 

The dimensions of the axle we have used are 40mm x 40mm 

x 900mm. 

 
Fig. 11: Spindle Nut 

A nut is type of hardware fastener with a threaded 

hole. Nuts are almost always used opposite to a mating bolt 

to fasten a stack of parts together. In applications where 

vibrations or rotation may work a nut loose, various locking 

mechanisms like adhesives, safety pins, lock wires, nylon 

inserts, etc. can be employed. Here we have used the 25mm 

spindle nuts to lock the tires with the axle. 



Prototype of Collapsible Trolley: A New Design Methodology 

 (IJSRD/Vol. 4/Issue 05/2016/384) 

 

 All rights reserved by www.ijsrd.com 1570 

 
Fig. 12: Rubber Tires 

A tire is a ring shaped covering that fits around a 

wheel rim to protect it and enable better vehicle 

performance by providing a flexible cushion that absorbs 

shock while keeping the wheel in close contact with the 

ground. For this prototype we are using 200mm diameter 

rubber tires. 

 
Fig. 13: Rubber Tires 

Since the percentage of carbon content is low the 

mild steel is also known as low carbon steel.  For structural 

applications the AISI grades 1005 through 1025 are usually 

used. For fabricating the required plate the mild steel is used 

in the work.  The plates are with gauge 16 ad 14 have been 

used in fabrication. 

VI. RESULTS AND DISCUSSION 

Its simple in design, since the other trolley is eleminated the 

driving made comparitively easy. It could be adjusted to 

various lengths depending upon the requirements. The side 

can be locked and its accidental safe trolley too.The 

disadvantages is the capacity of single collapsible trolley is 

relatively compared to two regular trolleys. 

VII. APPLICATIONS 

1) Transportation of more goods using single collapsible 

trolley. 

2) This trolley can be used to transport long goods like 

metal pipes, TMT bars, wooden bars, etc. which may 

extend out from a single regular size trolley. 

3) Comparatively more quantity of goods can be 

transported. 

VIII. CONCLUSIONS 

The trolley size can be changed by sliding it using a double 

acting hydraulic cylinder to automate it. Even the trolley can 

be added with the feature of dumping with additional 

mechanism of hydraulic. Additional modification can be 

used to make the dumping by three way which could help in 

dumping in any direction. This trolley can be modified to be 

used in factories and enterprises to carry the goods within 

the factory. Adding brakes to the trolley could again ease the 

driving situations. 
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