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Abstract—In an electric power system, switch gear is the 

combinations of electric disconnect switches, circuit breakers 

used to control, protect and isolate electrical equipment’s. Switch 

gear is used, both, to energize & de-energize the equipment and 

to clear faults downstream. This type of equipment is important 

because it is directly linked to the reliability of electric supply. 

The combination of various parts within the switch gear allows 

them to interrupt fault currents from entering onto the main 

circuit. The subassembly consists of various parts which 

constitute the circuit breaking mechanism. These are cams, 

ratchet wheel, gears, push buttons, limit switches, clips, 

connectors and springs. The spring is the one which performs the 

tripping function. Considering the spring as one unit, it is an 

assembly of two shackles, spacer rod and tension spring. The 

assembly procedure is tedious and time consuming. It leads to 

tremendous operator fatigue and decrease in productivity as time 

involved is more. After critical analysis of the existing process, it 

was concluded that the new process could be developed for 

increasing the productivity i.e. Product Development. 
 After the implementation of the new process, the company 

will be benefited in a number of ways such as: Increased 

productivity, Reduced / eliminated operator fatigue, reduced 

costs, Decreased lead time. 

Keywords— Product Development. Reliability, breaking mechanism. 

1. INTRODUCTION 

The objective of this paper concentrates on the spring 

assembly which is employed in the switch gear. The spring 

required is tension spring. The assembly process is very 

difficult as the spring is received in compressed state. The 

spring needs to be extended to assemble the spacer rod and 

shackles in the spring are assembled. Product Design: In 

product design, a completely new process has been developed. 

In this new process plan, the complete assembly process is 

eliminated by employing the concept of “Design for 

Assembly”. The assembly consists of two shackles, a spacer 

rod and a spring. The assembly process requires four different 

fixtures in which the spring needs to clamp every time. This 

needs enough time to complete the process. Because of this, 

the cycle time increases after every assembly as it is done 

manually. The reason for increase in the cycle time is the 

operator fatigue.  

The main reason for assembly is the spacer rod which 

needs to be inserted in the spring so as to maintain the desired 

spacing between the coils of the spring. As the load acting on 

the spring is very high, the coils may damage when the spring 

returns to the original position. To avoid this damage, spacing 

is maintained between the coils. The main objective of an 

organisation is to create an environment which is enough good 

for the operator to work with full efficiency. If the 

organisation successfully creates such an atmosphere, there is 

a wave of confidence within the workers to work with full 

dedication, confidence, enthusiasm and passion.  

The application of the DFA concept leads to the 

elimination of the assembly process, cost reduction and 

minimization of parts in the assembly. Following positive 

results have been identified- 

  Assembly process has been completely eliminated. 

  Cost reduction has been achieved. 

  Operator fatigue has been eliminated. 

  Number of assemblies per day has been increased. 

  Lead time has been decreased. 

2. DESIGN FOR ASSEMBLY  

Design for assembly (DFA) is a process by which 

products are designed with ease of assembly in mind. If a 

product contains fewer parts it will take less time to assemble, 

thereby reducing assembly costs. DFA serves a critical role in 

reengineering existing products and in supporting effective 

design and development of new products. In addition, if the 

parts are provided with features which make it easier to grasp, 

move, orient and insert them, this will also reduce assembly 

time and assembly costs. The reduction of the number of parts 

in an assembly has the added benefit of generally reducing the 

total cost of parts in the assembly. This is usually where the 

major cost benefits of the application of design for assembly 

occur. [1] 

DFA concept focuses on the design of product at the 

design stage itself which will help in further manufacturing 

and assembly process. The concept not only focuses on design 

but also on some aspects other than design. 

The following principles of DFA have been applied: 

1. Reduction in total number of parts. 

2. Eliminated assembly operation. 

3. Minimize handling. 

4. Cost reduction. 

 

3. PRODUCT DEVELOPMENT 
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The new process plan has been divided into following 

stages: 

A. Manufacturing of spring with shackles. 

B. Heat treatment. 

C. Final assembly in switch gear mechanism. 

 

A. Manufacturing of Spring with Shackles: 

 Previously, the springs were received as tension springs 

from the vendor. Then the shackles were inserted in the spring 

with the spacer rod. This spacer rod gave rise to the need of 

assembly process. The main motive behind developing the 

new process plan was to eliminate the spacer rod. Its main 

function is to maintain a certain gap between the coils of the 

spring, so that the coils will not damage when the spring 

returns to its original position   

The new process plan includes that the spring will be 

received from the vendor along with the shackles. It will be 

considered as an Integrated Assembly as shown below. 

 
Fig. 01 Integrated Spring Assembly 

B. Heat Treatment: 

The heat treatment is a very broad term and includes any 

heating and cooling operations applied to any material in 

order to modify its internal structure or to alter its physical, 

mechanical or chemical properties. Usually, it consists of 

heating the material to some specific temperature, holding at 

this temperature for a specific period and cooling to room 

temperature or below room temperature at a specific rate.[2] 

In this particular case, the objectives of heat treatment 

were as follows: 

To obtain the hardness to the range of 41 to 43HRc. 

To increase the wear and abrasion resistance of the material. 

To increase the tensile strength of the spring. 

To eliminate the internal stress, if any, so that the spring will 

sustain heavy loads.   

To induce controlled residual stresses so as to maintain the 

spacing between the coils. 

To stabilize the material so that it does not show changes in 

dimensions with time. This is to produce special 

microstructures to increase corrosion resistance. 

There are several heat treatments applied to steels and 

each has definite purpose. The exact details of particular heat 

treatment such as method of heating, temperature required, 

holding time, etc. depends on type of steel, its composition, 

shape and size of component, initial microstructure and 

properties required on the component. 

In this particular case, hardening will play a very 

fundamental role. It will provide the required toughness to the 

spring which will ensure long life of the spring. It will also 

make sure that when the spring will return back after the 

required operation, the coils do not cause a sudden impact on 

each other. 

Following are the stages of heat treatment: 

Material: 

EN42 is spring steel whose properties fall roughly 

between CS70 and CS80. It is normally supplied in the 

annealed condition and is suitable for bending, shaping and 

forming, before final heat treatment. EN42 can be is used in 

the manufacture of a wide variety of springs. 

 
Table no. 1. Chemical Composition of Spring Steel (EN 42) 

 
 

a. Furnace: 
 

 
Fig. 02 Heat Treatment Furnace 

 Make - Victor Retort (VR Furnace) 

 Type – Electronic 

 Lower Zone Temperature – 860oC 

 Upper Zone Temperature – 865oC 

 Centre Temperature – 840oC 

 

As the furnace gets to the upper zone temperature, the 

component is allowed to get heated for about 2 hours. At this 

stage, the spring gets heated to its plastic limit which changes 

the grain structure of the metal. The change in grain structure 

results in the hardening of the spring. 

 

b. Oil Quenching: 

Quenching is the rapid cooling of a work piece to obtain 

certain material properties. It prevents low-temperature 

processes, such as phase transformations, from occurring by 

only providing a narrow window of time in which the reaction 

is both thermodynamically favourable and kinetically 

accessible. For instance, it can reduce crystallinity and thereby 

increase toughness of both alloys and plastics (produced 

through polymerization).[2] 

 

c. Medium Temperature Tempering: 

Tempering is done to relieve internal stresses developed 

due to rapid cooling during hardening process (i.e. austenite to 

http://en.wikipedia.org/wiki/Conduction_(heat)
http://en.wikipedia.org/wiki/Material_properties
http://en.wikipedia.org/wiki/Phase_(matter)
http://en.wikipedia.org/wiki/Crystallinity
http://en.wikipedia.org/wiki/Alloy
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martensite transformation) and due to volume changes 

occurring in above transformation, to reduce brittleness. Also 

to reduce hardness, and to increase ductility and toughness. 

This process is done at 350 to 4000 C. The normal time limit 

for this process is 90 minutes. This temperature is most 

suitable for tempering springs as it provides highest attainable 

elastic limit with sufficient toughness.[2] 

d. Normal quenching:  

After the springs are taken out of the oil bath, they are left in 

open air for cooling to room temperature. 

 

4. VALIDATION OF PROCESS PLAN 

1. Spring Length: 

Initially, for heat treatment, springs were directly kept in 

furnace. When the process was completed, it was observed 

that, the spring is elongated more than the required length. 

The reason behind this was when the furnace was at upper 

zone temperature, the metal got heated to plastic limit which 

led to spring action extending the spring without any 

restriction. The required length was 150mm; it got elongated 

to 190mm. 

 
Fig. 03 Elongated spring 

The solution required was, the elongation of the spring 

needs to be restricted to a certain limit. So, a clamping frame 

was fabricated as shown in the figure.  
 

 

Fig. 04 Springs with Clamping Frame 

2. Spring Deflection:  

As seen from the figure, the elongation of the spring has 

been successfully controlled. Again heat treatment was done. 

But this time, the springs were found to be deflected as shown 

in the figure below. 

 
Fig. 05 Deflected Spring 

 

It was required that all the degrees of freedom of the 

spring need to be restricted so that the spring neither deflects 

nor it gets elongated. Considering these points, the following 

frame was fabricated which shows that spring parameters are 

completely restricted. 
 

 
Fig. 06 Frame with all Degrees of Freedom Restricted 

After the fabrication of such a frame, all the degrees of 

freedom got restricted. Then again heat treatment was carried 

out. This time, the spring was heat treated as per the 

requirement with all the dimensions to the scale, as shown 

below. 

 
Fig.07 Spring after Final Heat Treatment 

5. TESTING’S- 

A. Tensile test 

B. Compression test 

A. Tensile test: 

Tensile testing, also known as tension testing, is a 

fundamental material science test in which a sample is 

subjected to controlled tension until failure.  The results from 

the tests are commonly used to select a material for an 

application, for quality control and to predict how a material 

will react under other types of forces. Properties that are 

directly measured via tensile test are ultimate tensile strength, 

maximum elongation and reduction in area. From these 

measurements, following properties are also determined: 

Young’s Modulus, Poisson’s Ratio, yield strength and strain 

hardening characteristics.[2] 
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Tensile test was performed at FAN SERVICES, Satpur, 

Nasik.  

Machine Details: 

 Name – Universal Testing Machine. 

 Make – Micro Control Systems (MCS), 

Mumbai. 

 Maximum Load Capacity – 1000N. 

 Maximum Extension – 500mm. 

 Control – Central Computer. 

 

 

1. 1st  Tensile Test Output 

During Tensile Testing:  First test was carried out in two 

stages. 

Stage 1: At 3500N (minimum required load) 

Stage 2: At 7000N (fatigue load) 

Stage 1 Output 

 
Fig. 08 1st Tensile Test Graph (stage 1)  

As the minimum required load is 3500N, it was found 

that the spring is able to sustain that load at 58HRc. After the 

application of load, the spring was coming back to the original 

position. The displacement at this load was found to be 87mm. 

And the required displacement is 50mm. This proves that the 

test gave positive results. 

 

Stage 2 Output 

 
Fig. 9 1st Tensile Test Graph (stage 2) 

At second stage, the main motive behind the test was to 

check the fatigue strength of the spring. So, the applied load 

was twice than the normal required load. Load at this stage 

was 7000N. Here, deflection had no barrier as it was indirectly 

a fatigue test. Here, the hardness was same as stage 1, i.e., 

58HRC. 

Here, the graph shows that the load goes on increasing till 

5197N and there is a sudden fall in applied load. This is 

because, the spring could not sustain beyond 5197N and it 

was broken into pieces. It was required that the spring should 

sustain the load of 7000N to prove its fatigue strength. But, as 

the hardness was 58HRC, the metal got tougher than required.  

This shows that stage 2 showed negative results. 

2. 2nd  Tensile Test Output 

Here, the load applied was 7000N as fatigue strength 

was yet to be tested. The hardness value was lowered than 

previous tests. Here, the hardness was 32HRC.The graph 

shows that load goes on increasing till 2651N showing the 

maximum possible deflection of 182.18mm. The machine 

could not extend the spring more than this as it was totally 

elongated. The spring could not return to its original position 

as it was plastically deformed as shown in the figure. 

 

 
Fig. 10 2nd Tensile Test Graph  

This shows that 32HRC hardness is not sufficient to test 

the fatigue strength. 

 
Fig. 11 Elongated Spring 

3. 3rd  Tensile Test Output 
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Fig. 12 3rd Tensile Test Graph  

At this stage, spring with hardness of 42HRC was tested 

for fatigue strength. Load applied was same, i.e., 7000N. 

As seen from the graph, the load goes on increasing till 

6890.62N giving the deflection of 114mm. It was also 

observed that, when the load was released, the spring returned 

back to its original position. This proves that, the required 

application needs the spring with 42HRC to do the assigned 

task with maximum life expectancy.   

 

 
Fig. 13 Spring after Tensile Test 

 

Table 02 Results of Tensile test 

 

B.  Compression Test: 

Compression test is used to determine how a product or 

material reacts when it is compressed, squashed, crushed or 

flattened by measuring fundamental parameters that determine 

the specimen behaviour under compressive load. These 

include the elastic limit, which for ‘Hookean’ materials which 

is approximately equal to the proportional limit, and also 

known as yield point or yield strength, Young’s Modulus and 

compressive strength.[2]  

Compression test was carried out in GABRIEL INDIA 

Pvt. Ltd, Ambad, Nashik. to:   

 Assess the strength of spring. 

 Characterize the compressive strength of 

material. 

 Assess the performance of spring under the 

applied load. 

I. Load vs. Deflection 

 
Fig. 14 Load Vs Deflection Graph 

As the load goes on increasing, the spring starts 

compressing. At about 200Kgf, the spring gains its solid 

length, i.e., it gets totally compressed. 

II. Stiffness Graph 

 

Fig. 15 Stiffness Graph 

The graph gives the equation = 3.9918x – 3.2566. 

Here, the value, 3.991 is the stiffness of the spring. This 

shows that the spring can sustain the load acting on it without 

getting compressed. 
 

6. S-N DIAGRAM: 

To determine the strength of materials under the action 

of fatigue loads, specimens are subjected to repeated or 

varying forces of specified magnitudes while the cycles or 

stress reversals are counted to destruction. The machine 

subjects the specimen to pure bending by means of weights. 

To establish the fatigue strength of material, quite a number of 

tests are necessary because of the statistical nature of fatigue. 

The first test is made at a stress which is somewhat under the 
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ultimate strength of the material. The second test is made with 

a stress which is less than that used in the first. This process is 

continued and the results are plotted on the S-N Diagram.[3] 
 

Calculations: 

The equation of the S-N curve is: 

log Sf = b log N + C.................where, Sf = Fatigue Strength 

 

This line must intersect 106 cycles at Sé (Endurance Strength) 

and 103 at 0.8Sut(Ultimate Tensile Strength). 

Here, Sut = 1720. 

Endurance Limit, Sé = 0.4 Sut. = 0.4 x 1720 = 688 N/mm2 

 b = - (1/3) log ( ( 0.8 Sut) / (Sé) ) 

= - (1/3) log ( (0.8 x 1720) / (688) )= -0.1003 

 

C = log ( (0.8 Sut)2 / (Sé) 

= log ( ( 0.8 x 1720 )2 / (688) )= 3.4396 

Thus, 

Sf = 10C. (Nb)  where, N = No. of cycles. 

 = 103.4369 x 1000-0.1003 = 1367.7288 N/mm2 

Thus for 2000 to 10,000 cycles following are the Sf Values: 

 
 

 
Fig. 16 S-N Curve 

At static condition, at load = 350kg i.e. 3433.5N 

Given values of spring: 

 Outer Diameter, D = 44mm. 

 Wire Diameter, d = 8mm. 

 Spring Length, l = 150mm. 

Now, Spring Index,       C = D/d= 44/8= 5.5mm.                          

C = 5.5mm      

Shear Stress Multiplication Factor, 

 Ks = 1 + (0.5/C) = 1 + (0.5/ 5.5)= 1.09  Stress,                           

ζ = K. (8FD) / (πd3) = 1.09 x (8 x 3443.5 x 44) / (3.14 x 83) 

 = 819.00N/mm2                   

This is the minimum load at which the spring will sustain for infinite 

life i. e. beyond 10,000 cycles 

 

 

Fig.17 Compared View of Existing & Newly Developed Product 

 
 

 

 
Table 03 Cost Comparison 

 
 

Table 04 Overall Savings Comparison 

 

7. CONCLUSIONS 

Hardening process has been applied satisfactorily on 

springs. This has led to certain important conclusions. After 

tensile and compression testing, the springs were found to be 

satisfactory in performing the task assigned. The introduction 

of new process plan proved that there is another way of 

implementing the spring unit in the most economical way. As 

the complete assembly procedure of the spring has been 

successfully eliminated, so the overall cost of the assembly 

has been decreased. As the operator time has been saved to a 

large extent, this will in turn lead to increase in overall 

productivity of the organisation. 

The above statements prove that the newly developed 

process plan could lead to tremendous change in the working 
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of the organisation in numerous ways. This will lead to 

process standardization, new process plans, improved product 

life, increased savings, part substitutions, etc. 
 

 

ACKNOWLEDGMENT 

We are thankful to the Department of Production 

Engineering, K. K. Wagh Institute of Engineering Education 

& Research, Nashik,  for  necessary  help and  cooperation,  

and   also  express  deep  sense  of gratitude to Dr. P. J. Pawar, 

Dept. of Production Engineering, K. K. Wagh Institute of 

Engineering Education & Research, Nashik, for the valuable 

technical support . 
 

REFERENCES 
[1] Mohan V. Tatikonda “Design for Assembly: A Critical 

Methodology for Product Reengineering and New Product 

Development” CFPIM Kennan-Flagler Business School, 
University of North Carolina, Chapel Hill, NC 27599. 

[2] Kodgire S. V. & Kodgire V. D., Material Science & Metallurgy, 

Everest Publishing House, Twenty Fifth Edition,2009.    
[3] Shigley Joseph Edward, Mechanical Engineering Design, Tata 

McGraw Hill  Publications 2001 

[4] Sharma P. C., A Textbook of Production Engineering, S CHAND 
Publications 

 

 


