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Abstract— In manufacturing industry, fixtures have a direct 

impact upon product manufacturing quality, productivity 

and cost. Welding fixtures are designed for the components 

which are difficult to weld in normal way or without any 

holding unit. The fixture is to be designed for the fabricated 

structure which is to be welded in square or rectangle 

manner for various applications. The investigation involves 

study of basics of fixture and welding, need of fixture, 

location principle. In this work, welding fixtures are 

designed considering all the welding factors like access to 

its welding area, cycle time, and availability of space for 

fixture. Materials are selected as per functional requirements 

and based on previous designs. The general arrangement is 

made and fixture is designed with the use of analytical 

method which includes pneumatic cylinder selection, L-

shaped bracket design and positioning of units. Power 

clamps and LM guides are selected as per the fixture 

requirements. The design is verified with the use of FE 

analysis for strength criteria of material and is found under 

safety limits. 
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I. INTRODUCTION 

There are three common methods for making corners on 

angle iron frames: mitering, notching, and notching and 

bending a single length of angle iron. Figure shows mitering 

and notching. 

 
Fig. 1.1: Two corner joint designs using angle iron. 

Both methods work, but with notching it is easier 

to get good results and this technique are more 

dimensionally tolerant because the joint gaps between the 

angle irons’ length can be adjusted to bring the frame square 

and the side lengths equal. After welding and grinding, both 

methods will look equally good and be equally strong. In 

general, use mitered corners when you have a handsaw or a 

notching tool to cut perfectly matching corners. 

A fixture is a device for locating, holding and 

supporting a work piece during a manufacturing operation. 

Fixtures are essential elements of production processes as 

they are required in most of the automated manufacturing, 

inspection and assembly operations. Fixtures must correctly 

locate a work piece in a given orientation with respect to a 

cutting tool or measuring device or with respect to another 

component, as for instance in assembly or welding. Such 

location must be invariant in the sense that the devices must 

clamp and secure the work piece in that location for the 

particular processing operation. There are many standard 

work holding devices such as jaw chucks, machine vices, 

drill chucks, collets, etc. which are widely used in 

workshops and are usually kept in stock for general 

applications. 

II. LITERATURE REVIEW 

C. A. Kubade, Dr. S.V. Patil have explained in their paper 

that in manufacturing industry, fixtures have a direct impact 

upon product manufacturing quality, productivity and cost. 

Welding fixtures are designed for the components which are 

difficult to weld in normal way or without any holding unit. 

The fixture is to be designed for the cab leg sub-assembly 

which is to be welded with its companion for its application. 

The investigation involves study of basics of fixture and 

welding, need of fixture, location principle. In this work, 

welding fixtures are designed considering all the welding 

factors like access to its welding area, cycle time, and 

availability of space for fixture. Materials are selected as per 

functional requirements and based on previous designs. The 

general arrangement is made and fixture is designed with the 

use of analytical method which includes pneumatic cylinder 

selection, L-shaped bracket design and positioning of units. 

Power clamps and LM guides are selected as per the fixture 

requirements. The design is verified with the use of FE 

analysis for strength criteria of material and is found under 

safety limits. 

Prof. S. N. Shinde, Siddharth Kshirsagar Robotic 

welding requires specialized fixtures to accurately hold the 

work piece during the welding operation. Despite the large 

variety of welding fixtures available today the focus has 

shifted in making the welding arms more versatile, not the 

fixture. The new fixture design reduces cycle time and 

operator labor while increasing functionality; and allows 

complex welding operations to be completed on simple two 

axis welding arms Fixed Automation welding is often 

applied to welding equipment performing dedicated 

movements on a weld joint that is highly repeatable in 

shapes such as circle, arc and longitudinal seams. The 

welding machine systems can be flexible and can be adapted 

to a differing range of weld automation application. The 

weld equipment operations are normally fixed to perform a 

basic geometric welding application. Welding position 

equipment and machine systems are backbone of fixed 

welding automation usually including welding lathes, turn 

tables positioners, circle welders, and longitudinal seam 

welders. To address this issue, we designed and constructed 

a prototype welding fixture with enhanced mobility. The 

principles of positioning are the same for all weldments, 

large and small. Many companies extends their expertise in 

designing and manufacturing of sheet metal welding fixture, 

assembly fixture, checking fixture, inspection fixture and 

cater to the requirements of a single fixture to turnkey 

solution. They have expertise in design and manufacturing 
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of manual, pneumatic, hydraulic fixture along with 

installation and commissioning. With the help of 

sophisticated CAD and Simulation tools feasibility study is 

carried out inclusive of gun approach, weld study and line 

layout. All fixtures are validated and supported within house 

CMM equipment reports for record. 

Shivakumar Raman concluded in his work Design 

data handbooks detail mechanical component design 

analysis with sufficient information provided regarding 

material specification, properties, requirements for design, 

etc. This facilitates designers to apply their exact 

requirements and choose from available resources. Also, 

verification with the design data books allows one to 

confirm that correct procedures are being followed. 

Similarly, the idea behind the preparation of a guide for 

fixturing as undertaken in this project is to develop a guide 

that could be used as a ready reference while designing jigs 

and fixtures. This project represents the first phase of 

designing a comprehensive roadmap for fixture design, to 

assist Tinker Engineers, designers and shop supervisors 

alike, as well as sub-contractors. 

III. PERFORMED WORK 

Specification of set up 

1) Function: - For fabrication of welding structure and 

square and rectangle frame 

2) Specification: 

1) Type: - Fabricated fixture 

2) Power: - Manually operated. 

3) Overall dimensions: - 4 feet x 8feet x 3feet height.  

4) Job capacity: - Up to 25 kg (wt) frame. 

5) General Information: - The machine consists of a 

mechanism of adjustable slider for horizontal and 

vertical direction.  Also we have given clamping 

arrangement to clamp the frame as per required 

dimensions. In this mechanism the whole assembly 

is rotated with 360 degree angle of rotation.  

3) 3. Analysis of different critical parts of mechanism. 

4) 4. Selection of materials and drives. 

This project has undergone through following six 

phases.     

A. Phase I: Literature Survey: 

A detailed literature survey we had carried out in the related 

area. Majorly the selected project is come under industrial 

field influence, so in this phase we have done small scale 

industrial visits, feedbacks and problems faced by vendors.  

B. Phase II: Concept Generation: 

In this phase, we have done schematic arrangement design 

and drawing of major component which we can use for 

completion of our project. In this phase we had generated 

the schematic drawing on the basis of problem statement 

and feedback and suggestion received from end customer 

and vendors.  

C. Phase III: Design Calculations: 

In this phase we have done the design calculations by 

referring the standards, catalogue and reference books. In 

this work we have finalized the design and components 

dimensions. We were also selecting the material according 

to parts and components function and loading conditions. In 

this phase we have decided the size and shape of 

components and its position in the assembly. Also we have 

decided the limit and tolerance between components and 

also machining methods required to select to manufacture 

the components. 

D. Phase III: Preparation of Drawings 

In this phase we were going to prepare the design. The 

suitable component and assembly drawings will be prepared 

which will help visualize the actual project set up. In this 

phase we will prepare the drawing as per industrial format.  

E. Phase IV: Structural Analysis of the Critical 

Components: 

In this phase we have done analysis of one component 

which is under critical loading condition. And by doing 

analysis we decided the final dimensions and material of the 

component. 

F. Phase V: Fabrication: 

1) Manufacturing of various components and 

subassemblies is carried out by using suitable 

manufacturing processes. 

2) The components were assembled per the drawing. 

3) Working trials of the project were conducted to confirm 

and testing parameters (Time and speed) we would 

decide for to get best quality of product.  

G. Phase VI: Experimental Investigations (Actual Field 

Trial): 

The fabricated mechanism is tested for the suitability to the 

intended application. This experimental testing was 

including the testing of machine at actual site.   

IV. DESIGN OF EXPERIMENT SET UP 

 
Fig. 4.1: 

A. Design of Drive Shaft: 

The whole assembly weight of fixture frame = 25 kg 

The frame weight we have considered = 25 kg 

So total load we have considered = 50 kg 

To operate / tilt this fixture we have given provision of 

handle 

Design load considered = 1.2 x 50 x 9.81 

                             = 588.6 N 

  = 600 N considered. 
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Diameter of handle considered = 300mm 

T = Effort x Radius of wheel 

Total torque on handle shaft = 600 x 150 = 90000 N-mm 

So Maximum Torque T = Effort x Radius of wheel 

Wheel speed required as per existing grinder 300 rpm 

Ϭ = 145 N/ mm2 considering factor of safety = 4 

B. As per Design data book shaft material is selected 

Carbon steel C40  

 
σ =   145 N/mm2 

As per ASME code 

0.3 X Yield strength N/mm2  

0.18 X ultimate strength N/mm2  

(Whichever is smaller?) 

0.3 x 435 = 99  N/mm2   (a) 

0.18 x 580 = 104 N/mm2    (b) 

From equation (a) & (b)  

Allowable stress value will be 99 N/mm2 

If key ways will provide to shaft then  

τ   = 99 x 0.75 = 74.25 N/mm2 

Max tensional moment equation is given by, 

 

 

 

Where T = 90000N-mm 

By using above equation drive shaft dia. 

d = 18.82mm ……………….A 

Design against bending:-  

 
Fig. 4.2: Drive shaft loading condition. 

By considering extra load and jerk the load 

considered for bending moment = 100kg 

P = 1000 N 

 
RA = 1000 

Calculation of bending moment at loading point P, 

BM at   M = 1000 x 50 = 50000N-mm  

Ϭ = 145 N/ mm2 considering factor of 

safety = 4 

By using above equation drive shaft dia. d = 15.49 mm 

………………..B 

From equation A and B we have selected the 

diameter of shaft = 20 mm considering extra jerk and for 

safe design. 

C. According to maximum shear stress theory 

 
Te = 53851.6 N-mm 

Me = 51925.8 N-mm 

  
  N/mm2  and 74 > 34.40 = ځ

Ϭ = 66.07 < 145 N/mm2   

By using above equation we have checked the 

allowable shear stress and allowable bending stress and it is 

seen that the both values are within limit hence design is 

safe. 

Selection of bearing:- 

 
P = RB = 500 N 

Life in hrs = 10000 hrs 

 
L = 36 millions of rev 

 
a = 3 for ball bearing. 

From SKF bearing catalogue we have selected the 

bearing static capacity for shaft dia. 20mm = Co = 2.32 KN 

From above equation = C = 285 N 

So calculated dynamic capacity C < bearing catalogue 

dynamic capacity C = 4.32KN 

Hence from catalogue bearing selected = 61804 
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V. CONSTRUCTIONAL DETAILS 

 
Fig. 5.1: Mechanism for welding frame fixture. 

A. Working Principle:-  

In this mechanism we have developed adjustable frame on 

which we can hold the work piece. In this mechanism we 

have proposed the main supportive pole on which the main 

fabricated frame is fixed in such a way that it will get rotate 

by an angle 360 degree. Also to rotate this frame the handle 

provision is given. According to required position to lock 

the system we have given locking arrangement to handle. 

On the main frame the sliders are given these sliders have 

square slot in that slots the sliders slides in the horizontal 

and vertical directions as per our requirement. To fix the 

sliders position locking clamps are provided. In this 

mechanism for work piece clamp angle adjustment 

arrangement is also we are developing so that we can able to 

fabricate the inclined frames. 

 
Fig. 5.2: Handle locking arrangement for welding frame 

fixture. 
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