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Abstract— Some dump trucks and trailers may be 

configured with a lift axle which may be mechanically 

raised or lowered. The axle is lowered to increase the weight 

capacity or to distribute the weight of cargo over more 

wheels. When not needed the axle is lifted off the ground to 

save wear on the tire and also the wear of axle and to 

increase traction in the remaining wheels. Also lifting an 

axle alleviates lateral scrubbing of additional axle in very 

tight turn allowing vehicle to turn more readily. The current 

mechanism used for lifting the axle in mechanical 

suspension as per the survey uses a mechanical pin which is 

inserted into a cavity or uses a wire rope tied to the chassis 

after the axle is lifted with the help of a screw jack while the 

trailer is travelling empty loaded. So there is more load on 

trailer chassis also it against RTO rule. Our proposed 

mechanism for lifting the axle will include an automated 

system consisting a push button for realizing the pressure 

inside air bellow. There by causing upward and downward 

movement of axle and this design is way better than 

previous one and also fit in RTO and road laws. Following 

paper module contains design of lift axle mechanism for 

heavy duty vehicles as per designed calculations and 

corresponding weight load analysis of axle having final 

summation of load on axle shaft.   

Key words: Lifting Axle, Tire, Mechanical Suspension, 

Wear, RTO Laws 

I. INTRODUCTION 

A trailer is usually associate unpowered vehicle towed by a 

supercharged vehicle. it's ordinarily used for the transport of 

products and materials. Some trailers are created for private 

(or tiny business) use with much associate supercharged 

vehicle having an applicable hitch, however some trailers 

are a part of giant trucks known as semi-trailer trucks for 

transportation of load. Specialized trailers like alfresco 

motorbike trailers, bicycle trailers are a lot of smaller, 

accessible to tiny cars, as are some easy trailers, force by a 

bar and riding on one set of axles. Specialized trailers like 

outside bike trailers, bicycle trailers area unit a lot of 

smaller, accessible to little vehicles, as area unit some easy 

trailers, force by a bar and riding on one set of axles. 

Different trailers, like utility trailers and travel trailers or 

campers are available single and multiple shaft varieties, to 

permit for variable sizes of hundreds. 

A. Types of Trailers: 

1) There are three types of trailers depending on the load 

carrying capacity. 

2) Light Commercial vehicles (LCV) is suitable for loads 

less than 6 tons. 

3) Medium Commercial Vehicles (MMV) is suitable for 

loads in the range of 10 to 15 tons 

4) Heavy Commercial Vehicles (HCV) is suitable for 

loads more than 15 tons 

 

Tata DLT is a Trailer manufacturing plant located in the 

outskirts of Pune City. Established in 2005, TATA DLT 

trailers started their journey with single purpose aim of 

providing the most effective trailers to TATA Motors, once 

a series of booming years with TATA Motors, company 

enlarged its journey to the open market with one agenda in 

its psyche to produce India with the trailers of international 

quality. With most expertise in hand within the industrial 

vehicle business TATA DLT emerges out because the 1st 

alternative for all the trailer patrons throughout the country. 

In Gregorian calendar month 2011 Company started its 

mega infrastructure plant in Pune, geographical region with 

total capability of manufacturing five hundred trailers per 

month; it had been simply a matter of your time that TATA 

DLT became India's largest trailer manufacturer, with 

outrunning its nearest rival by miles. TATA DLT trailers 

square measureone in every of the largest brands of trailers 

and truck bodies in Republic of India.. They are bespoke 

mistreatment advanced engineering techniques to suit 

specific applications factory-made at progressive Pune plant 

in Maharashtra. The TATA DLT facility is pass consultants 

and professionals from supposedorganizations across the 

trade. With its wealthy expertise and promise to quality 

TATA DLT ensures that each product factory-made serves 

its purpose within the best means attainable 

The Trailers manufactured by TATA DLT are: 

1) Flatbed trailer 

2) TIP trailer 

3) Side wall trailer 

4) Skeletal trailer 

5) Truck Chassis Carrier 

II. LITERATURE SURVEY  

A. Lift Axle Usage 

The purpose of lift axle is to provide additional support 

when truck is carrying a load that is heavier than was 

originally intended for the vehicle configuration. Without 

the lift axle, the load would have to be carried configuration 

with additional permanent axle on a longer vehicle while 

both the trucking and regulatory agencies benefits from the 

use of lift axle 

For the trucking industry lift axle provide several 

benefits. Lift axle allows to carry substantially higher 

payload for small increase in vehicle cost and weight. 

Because lift axle can be raised when the truck is empty or he 

load is substantially light to be supported by the existed 

fixed axles, the allow trucker to consume less fuel and save 

the wear and tear of the tire in addition to it can provide 

improved traction when travelling off-load (on unpaved 

roadways) or on ice roads or ice lines 

A lift able axle could potentially pose a safety 

hazard, especially if the lift axle carrying too much of the 

overall load. Depending upon the location of the lift axle, 

uneven terrain often results in unintended weight 
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distribution on axle. Lift axle can benefits regulatory 

agencies in that these devices potentially reduce pavement 

damage due to repetitive heavy load . 

Narayan S. Mithun et.al, [1] has presented in paper 

“Modelling and Simulation of lift axle control valve”. It is 

composed of „pneumatic control logic‟. The raising and 

lowering of the carry shaft are going to be in an exceedingly 

logical sequence that depends upon the vehicle load, ignition 

state, gear state and traction of the vehicle. The LACV may 

be a gas 3/2 valve, 5/2 valve, relay valve and coil valves. 

The performance of this valves underneath numerous 

vehicle conditions was determined. the completemodel is in 

one among the commercially offered multi-domain. The 

physical modelling of the operating state was drawn.. The 

research deals with simulation of LACV under certain 

conditions. The vehicle when in unloaded condition, the 

delivery of 3/2 valve actuates the 5/2 valve thereby the lift 

bellow is connected to the supply reservoir and main bellow 

is open to the atmosphere through relay valve. Thus, axle 

will be lifted. During laden condition, the air gets filled in 

the bellows and axle is lifted down. The research shows that, 

high loading of vehicle was operated smoothly with no heat 

transfer and less maintenance. Although, the back pressure 

was found out to be in the range of 1.2 to 1.4 bar. 

Green truck publication et.al, [2] has focused on 

paper “Case Study on lift Axle”. It is composed of „fuel 

efficiency and its performance under various loading 

conditions‟. The work was conducted under two conditions, 

as baseline (normal) and trial work. The data was 

subsequently analysed on average basis over the baseline 

and technology trial periods. A 1.8 % percent of fuel 

efficiency was found out to be improved. Although the 

average speed of baseline over trial conditions was obtained 

as  greenhouse gases benefits and the economic benefits 

were obtained as good in improvement. 

Osman acar, tylan kales, zeynelkoc et.al, [3] has 

presented in paper “Development of Automatic lift Axles”. 

It is composed of „logical sequencing control system of 

Lighter air cushion vehicle‟. In this work, test algorithms 

were developed to define the load and movement control 

during the raising and lowering of axle. The determination 

of the vertical load shared by each axle is statically 

indeterminate problem and direct stiffness method is used to 

obtain the solution in a simulator. The research proves the 

durability increase in axle on a highway up to 32%.This 

automatic lift axle includes a controller which decides on 

whether the need of axle is allowed to lift. In this the 

algorithms are used which are proved to be very useful for 

us as they help us in the proper andautomatic lifting of the 

whole lifty axle mechanism. 

Arthur t bonsignore et.al, [4] has focused on paper 

“An axle – manufacturer‟s perspective”. This paper is 

composed of „fatigue testing of axle under various tests‟. 

The axle design and its various parameters are being 

obtained and their specific rating was being labelled. The 

paper defines the various issues which an observer or an 

engineer may face. In addition the paper discusses the 

typical axle design. 

John lambert, Arnold Mclean and Bonhao li et.al, 

[5] has focused on paper “air suspension for dynamic 

response”. This paper is composed of „evaluating new 

suspension model based on modified work on problems 

faced by drivers in older suspension model‟. This research is 

attempted to determine the cause and behavior of problem 

vehicles, including “wandering, poor handling, instability 

and abnormal vibrations”. Eight trucks were heavily 

instrumented to record a large number of variables including 

air bag pressures. Analysis of moments and forces requires 

that for the same location of the vehicle center of mass, the 

load through the tires remains the same, even if the air bag 

pressures vary dramatically.  

Arvin Meritor brand et.al, [5] has focused on paper 

“Applications of a trailer”. The paper is composed of „The 

trailer axle application guide providing load rating for 

Meritor rating axle products to be operated within the 

equipment and operational limits set forth in the guide‟. 

These applications and its specified guide helps in rating the 

equipments as per their use. The axle identification and tags 

are used determine the equipment, its use rating 

applicability. This guide helps in determining its various 

components for understanding the principles for gross axle 

weight rating.  

Vladimír moravec, zdeněk folta, petr maršálek 

et.al, [6] has focused on paper “Design procedure for 

loading capacity calculations for classic automobile 

differentials”. The paper is composed of „procedure for 

loading capacity calculation for various types of automobile 

differentials and torque dividers‟. The latest calculation 

methods in accordance with ISO and DIN standards are 

applied in this procedure. Hypothetical spectra of working 

load derived from own measurements are applied a 

classified information for procedures related to a differential 

with spur and bevel gears and various division ratios of 

torque are provided. The design of a differential lock that 

provides connection between carriers with sun gear.  

Parker et.al, [7] has presented in paper “Lift axle 

control”. The paper is composed of „Pressure Protection for 

Chassis Air Systems in the Truck and Trailer Market‟. It 

describes the perform for The raise shaft is mechanically 

raised once the first shaft load is below the safe 

operatingweight victimisation either employing a system of 

totally integrated electronic controls and interlocks or 

remote from the present vehicle physics, saving on tyre wear 

and rising fuel economy. It‟s a model read of schematic 

arrangement of shaft drive for highest doable use of raise 

shaft mechanism in a very long drive. 

Tata steel publications et.al, [8] has focused on 

paper “Axle weights and load distribution”. The paper is 

composed of „Technical Information Sheet, providing 

guidance on where to position loads‟. This sheet guides in 

determining the Axle weight limits, Maximum payload 

when loaded to the trailer headboard, Load position to meet 

axle limits with full payloads and a weight distribution 

chart.  

Linmin Xu et al,[12] has focused on paper 

“Material and design”. The paper discus the behaviour of 

wire rope used in hoisting application. Fretting wear test of 

steel wires were conducted on self-made fritting wear rig 

and it also tells us the relative sliding between steel wires 

can be promoted in acid medium. It also tells the relation 

between coefficient of friction and different enviornments 

loike dry friction and acid medium.  
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According to this paper the synergism between 

corrosion and wear is positive in acid medium which results 

in increase of wear loss of steel wire. 

III. DESIGN AND ANLYSIS 

A. Assembly of Lift Axle Mechanism 

The below figure shows the hole assembly which is needed 

in the lift axle mechanism.There are different components 

present in the whole assembly. The main components of the 

mechanism are eye bolt, axle, air bellow, upper plate , lower 

plate, castle nut and bolt and wire rope. 

 
Fig. 3.1: Cad model view of Assembly of lift axle 

mechanism 

B. Design of Components  

1) Axle  

 
Fig. 3.2.1: Cad model view of Axle 

For design of axle material selected is SAE 1045 

Ultimate tensile strength (Sut)= 430Mpa 

Yield strength, (Syt)= 310Mpa 

Permissible shear stress = 77.4 N/mm
2
 

From design data book by p.c.Sharma  

Diameter of axle is 175mm. [9] 

2) Wire Rope 

 
Fig. 3.2.2: Cad model view of wire rope 

For hoisting application  

Load to be lifted =2.2 tons 

For single rope load = 1.1 ton 

Wire rope bends around the axle due to which we select 

6x37 wire rope as this rope is flexible compared to others. 

Nominal rope diameter „d‟=18 mm.  

D = 24 mm, dw = 1.08 mm. 

3) Eye Bolts 

 
Fig. 3.2.3: Cad model view of Eye Bolts 

Eye bolts are generally manufactured from C15 drop forged 

steel. [10] 

Tensile strength for C15 steel is 650 N/mm2. [10] 

Major diameter of the bolt is14mm 

For d=14mm, pitch (p) = 2mm 

The specification of the bolt 

Thread height of the bolt  is 1.732mm 

Minor diameter of the bolt  is11.867mm 

Pitch diameter (dp) of the bolt is 12.7mm 
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4) Air bellow 

 
Fig. 3.2.4: Cad model view of Air Bellows 

The load to be lifted is 21.582 KN this load is to be lifted to 

a height of 150mm. 

From selection guide of firestone company 

22 style number product is selected [13] 

It has following specification: 

Holding pressure of 7 bar and maximum force of 29.2KN 

Minimum height=81mm  

Maximum height=256mm 

Lift able height=175mm 

5) Castle Nut 

 
Fig. 3.2.5: Cad model view of Castle Nut 

From the design of upper and lower plate and also the height 

to be lifted we had selected the castle nut having following 

dimensions 

Diameter of nut – 22 mm [10] 

Height of the bolt- 350mm [10] 

C. Analysis of the Axle  

After doing the design calculation and designing the 

components , when tested the axle which we had designed 

for 13 tonnes, which can be used in a trailer of 40 tonnes 

capacity. Feasiblity for use or not, we have tested the axle 

on ANSYS workbench. 

 
Fig. 3.3.1: shows the shear stress in the beam which is 15.79 

N/mm
2
 analytically which is less than theoretically 

calculated value of 77.4 N/mm
2
. 

 
Fig. 3.3.2: shows the shear stress in the beam which is 

0.0047386 analytically which is less standard beam 

deformation of axle as per Indian norms. 

 
Fig. 3.3.3: shows the shear stress in the beam which is 

27.363 N/mm
2
 analytically which is less than theoretically 

calculated value of 82.43 N/mm
2
 . 

IV. COST ESTIMATION 

Sr.no Component Rate Quantity Amount 

1 Axle 50000 1 50000 

2 Wire rope 600Rs/mtr 4 mtr 2400 

3 Eye bolt 1100 2 2200 

4 Castle nut bolt 450 2 900 

5 Air Bellow 10000 1 10000 
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V. CONCLUSION 

Lift axle for mechanical suspension due to its advantages 

over the air suspension and conventional system are going to 

be the most popular for trailers in future. in this paper we 

had designed the  axle for 13 tonnes capacity which can be 

use in 40 tonnes trailer. Also we had designed the lift axle 

mechanism which is much way better than the previous one. 

Also we had done the analysis of the axle by using ANSYS. 

So now this whole mechanism is safe to be use. By using 

this mechanism for lift axle system can serve the benefits 

such as-More Efficiency, Increase in tire life by over 40%, 

Compliance with RTO and road law, Increase in axle life, 

the major advantage of this mechanism that lift axle reduces 

friction from 4 tires resulting in higher fuel efficiency in 

unloaded condition it can provide improved traction when 

travelling off road 
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