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Abstract— In this paper, designed and modification is 

intended to replace the existing portable shop crane with 

emphasis being laid on stability, safety and reliability. This 

shop crane is capable of carrying load upto 3 ton. The crane 

has one special feature of 360° rotating boom. The crane has 

a tip over problem when the boom is rotated while carrying 

load. The existing model can be make more effective and 

useful if its stability has been improved. 
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I. INTRODUCTION 

A 'Shop crane' is a type of machine, generally equipped with 

a hook which is attached with a boom, that can be used to lift 

and lowering the materials or goods and to move them 

horizontally. The moving of loads is one of the fundamental 

problems in workshops, automobile industries, 

manufacturing industries. For that the Cranes plays the major 

role  in the material handling system of modern industries. 

Cranes are available in numbers of variety with each having 

it's specific use. Shop crane uses one or more simple 

machines to create mechanical advantage and thus to move 

the loads beyond the normal capability of a man. Hydraulic 

portable shop crane provides an efficient and low cost 

alternative as compared to other material handling 

equipments. The crane structure consists of a base, shaft, 

bearing block, boom, hook, hydraulic pump and a piston¬¬-

cylinder assembly. This crane has a special feature of its 

cheap 360° rotating arrangement. The necessary rotation for 

the crane can be made by providing a simple shaft and 

bearing arrangement. This crane can take heavy load 

effectively, but it losses it's stability. The crane get the 

required support by using extended slider(outriggers), but 

then also during rotation it loses its stability. Due to the small 

thickness of the material, this crane is also have a bending 

problem. However, search of the prior art did not disclose any 

publications that can provide this kind of cheap and balanced 

rotating shop crane. 

In this paper, tip over stability analysis of the shop 

crane carrying its maximum load of 3 ton in most critical 

condition has been investigated. The tip over stability 

problem can be solved by providing necessary counterweight 

and modification of the base of the existing crane. So, 

basically this crane has two major problems bending and Tip-

over. The bending problem can be solved by increasing the 

strength of the base and tip-over problem can be solved by 

providing counterweight. 

II. CALCULATIONAL ANALYSIS 

The stability requirement should be satisfied by theoretical 

checks only (as per IS:4594-1968, reaffirmed 2006). 

When the boom is rotated 180°(backside), the crane 

is in most critical situation. The moment calculation is been 

carried out for verifying that the structure will tip-over or not. 

For stability calculation, moment of the crane is 

calculated in two parts; left side and right side. 

Moment = Weight*distance from fulcrum point. 

The fulcrum point will be the centre point of the 

tipping line. 

Calculation for existing design:- 

Moment at left side 

(190.21*0.820)+(190.21*0.820)+(30.03*0.863)+(30.03*0.8

36)+(423.62*1.270)+(29430*1.200)  =36216.152 Nm 

Moment at Right Side 

(366.79*1.077)+(366.79*1.077)+(142.46*0.065)+(142.46*0

.435)+(46.20*0.250)+(689.99*0.280)+(81.77*0.280)+(61.5

09*0.280)+(24.742*0.280)+(729.57*0.280)+(793.67*0.280)

+(556.29*0.280)+(161.10*0.235)+(220.43*0.278)+(220.43

*0.275)+(220.43*0.065)+(220.43*0.495)+(297.04*0.845)+(

297.04*1.009)+(297.04*0.802)+(297.04*0.9407) 

 =3046.25 Nm 

As the moment on the left side is more than the 

moment on the right side, the crane will tip-over on the left 

side. So to balance the crane, modification is necessary. To 

make the crane stable two things must be changed, one is to 

make the structure strong which can be done by increasing 

the cross-section or thickness of the base parts such as legs, 

sliders & blocks. The thickness is increased from 5mm to 

10mm. The increased cross-section helps in reducing the 

bending. The second thing is to provide the counterweight. 

Calculation for new proposed design:- 

Moment@ Left hand side  

(385.98*1.3708)+(385.98*1.3708)+(423.62*1.270)+(29430

*1.2) 

=36912.199 Nm 

Moment @ Right side  

(703.351*1.031)+(703.351*1.031)+(273.53*0.065)+(273.53

*0.435)+(110.89*0.25)+(689.99*0.280)*(81.77*0.280)+(61

.509*0.280)+(24.742*0.280)+(729.57*0.280)+(793.67*0.28

0)+(556.29*0.280)+(1610.10*0.235)+(423.26*0.275)+(423.

26*0.615)+(423.26*0.065)+(423.26*0.495)+(596.39*0.85)

+(596.39*1.009)+(596.39*0.802)+(596.39*0.9407)+(210.4

04*0.998)+(210.404*0.355) 

=5518.557 Nm 

As the moment on the left hand side is more than the 

right hand side, the crane will tip over the left hand side. 

Comparing both the design the moment on the right side is 

more in the new design, which considerably reduce the tip-

over. But to make the crane more stable, counterweight is 

necessary. 

The amount of counterweight required can be 

calculated as follows:- 

Moment at left hand side = Moment at right hand side + 

Counterweight Moment 

36912.199 = 5518.557 + (C.W*1.540) 

C.W = 20385.48 N 

C.W = 2078.03 kg 

The amount of counterweight to be required for 

different loads is as follows: 
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Sr.

no. 

Selfwei

ght(kg) 

liftingwe

ight(kg) 

Selfweight+lifti

ngweight(kg) 

Counterw

eight(kg) 

1 1023 3000 4023 2078 

2 1023 2500 3523 1688 

3 1023 2000 3023 1230 

4 1023 1500 2523 909 

5 1023 1000 2023 630 

6 1023 500 1523 130 

Table 1:  Amount Of Counterweight Required 

Normally the counterweights used are of the block 

of single unit, but we have use the counterweight in the form 

of plates. So that it can be easy removable manually. The 

material used for the counterweight is Grey cast iron FG 15 

which is chip and has high density. But to give the strength, 

lower plate of the counterweight used is of M.S(2062-

commercial). 

Maximum load to be carried by the lower counterweight 

plate:- 

Material used for the lower counterweight plate is MS (2062-

commercial)  

Ultimate Tensile Strength of the Material = 520 Mpa 

Allowable shear stress of the material = 
520

2.5
=208 Mpa 

Dimension of M.S plate = 1000×500×20 mm 

Weight of M.S plate = 78.5 kg 

Required amount of load of C.I plate = 2078 - 78.5 = 1999.5 

= 2000 kg 

Total load acting on M.S plate = 2000 kg = 2000*9.81 = 

19620 N 

Stress, σ = 
Force

C.S.Area
 

Considering impact we multiply the total load by 1.5 for 

stress calculation. 

σ = 
Force

C .SArea
  

σ = 
19620 * 1.5

1.0 * 0.020
 = 1471500 N/m 

   = 1.471 Mpa 

Since the allowable stress of the lower plate is 

greater than that of the load acting on it, it implies that the 

plate can carry the entire load without fracture. 

Required number of C.I plates 

Weight of counterweight = 2000 kg 

Volume = 
2000

7200
 = 0.277 m3 = 277*106 mm3 

Dimension for the counter weight:- 

L-1000 mm, W-500 mm, H-555 mm 

Thickness of each plate is 20 mm. Weight of each plate is 72 

kg.  

Number of plate required for 2000 kg = 28  

The isometric view of new proposed design is 

shown below with boom rotated 180° on back side. 

 
Fig. 1: New Proposed Design 

III. FABRICATION 

Fabrication process includes following:- 

1) Machining process:- Machining process involves any of 

the material removal process to acquire the require shape 

and size by removing the unwanted material. Various 

machining process used in this equipment are turning, 

boring, drilling, threading, etc. 

2) Cutting process:- Our manufacturing process involves 

gas cutting method since it is used for materials having 

low alloy steel. It can be used to easily corrosive 

materials and scaled plates and only requires moderate 

skill to produce successful results. Common gas cutting 

applications are limited to carbon and low alloy steel. 

This method is cheapest method of all the cutting method 

and setup required easy and consumes less time. 

3) Tack welding:- Tack welding is the process of pre-

welding the parts. It is required to achieve proper 

alignment of the parts. If the quality of tack welding is 

good than the quality of the final welding will be better. 

The advantage of using tack welding is that, if the 

alignment is not proper for final welding, then it can be 

disassemble and realign.  

4) Final welding:- Final welding is metal joining process in 

which two or more metal are joined together by 

application of heat. In our process we have use, electric 

metal arc welding Arc welding is a type of welding that 

uses a A.C or D.C power supply to create an electric arc 

between an electrode and the base material to melt and 

join the metals at the welding point. The electrode used 

is may be consumable or non-consumable. 

5) Surface finishing:- Surface finishing is a process 

required to improve the surface hardness, corrosion 

resistance, weld ability, appearance and also to remove 

the burrs and surface flows. Grinding is one of the 

surface finishing process which improves the surface 

strength. 

6) Painting:- Spray painting is used for coating of the 

equipment to prevent it from external environment. 

Spray painting can be of automated type or hand held 

type. We have used hand held type of spray painting. 

IV. CONCLUSION  

After studying many research paper and from above 

calculation, we have concluded that a base must be made 

more stronger by increasing the thickness of the base part and 
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necessary counterweight must be provided at the front legs of 

the crane to make the crane stable. 
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